1 DESCRI PTI ON GLASS SUBSTRATE FOR MAGNETI C DI SK AND MANUFACTURI NG METHOD
OF THE SAME Technical Field [0001] The present invention relates to a gl ass
substrate for a magnetic disk installed in a hard di sk drive apparatus and
a manufacturing nmethod of the glass substrate. Background Art [0002] There
are magnetic disks as magnetic recording nedia installed in a hard disk
drive apparatus (HDD apparatus). The nmagnetic disk is manufactured by
depositing a NP filmon a netal substrate made of an al um ni um nagnesi um
alloy or the like, or applying a nBESCREPTE®Q8 and protective |ayer onto a
gl ass substrate or ceramc substrate. Conventionally, as a substrate for
the nmagnetic disk, alum num alloy substrates have wi dely been used. 1In
recent years, with reductions in size and thickness and high-density

recording in the magnetGeA8iS BUBSTRATEBORNEGNETEIC AGK used which are
nore excellent in flatness of the surface and strength in the thin plate as

conpared with the alum numall oy substpMpP (Japanese Lai d- Open Patent
Publ i cati on No. H09-27150). [0003] In recent years, in the magnetic disk

installed in the HDD apRRIUEASTURBGI MIEDEODMGE I TNEVSAMEUrt her increase
in the future, and it has been required to further increase the recording

speed and 2 readout speed of the information in the HDD apparatus. Then, to
neet these requirenents, it is required to rotate the magnetic di sk at

Technical Field
[0001] The present invention relates to a glass substrate for a
magnetic disk installed in a hard disk drive apparatus and a

manufacturing method of the glass substrate.

Background Art

[0002] There are magnetic disks as magnetic recording media
installed in a hard disk drive apparatus (HDD apparatus). The
magnetic disk is manufactured by depositing a NiP film on a metal
substrate made of an aluminium-magnesium alloy or the like, or
applying a magnetic layer and protective layer onto a glass substrate
or ceramic substrate. Conventionally, as a substrate for the
magnetic disk, aluminum alloy substrates have widely been used.
In recent years, with reductions in size and thickness and
high-density recording in the magnetic disk, glass substrates have
been used which are more excellent in flatness of the surface and
strength in the thin plate as compared with the aluminum alloy
substrate (Japanese Laid-Open Patent Publication No. H09-27150).
[0003] In recent years, in the magnetic disk installed in the HDD
apparatus, the storage capacity will further increase in the future,

and it has been required to further increase the recording speed and



hi gher speed. [0004] However, when the magnetic disk is rotated at high
speed in the HDD apparatus, a heavy load is inposed on the magnetic di sk,
and high strength (inpact resistance) is required for the nmagnetic disk.
Further, in recent years, since the HDD apparatus has been wused in portable
appar atuses such as, for exanple, notebook PCs, cellular telephones and
portable nmusic players, the nmagnetic disk is required to have high inpact
resi stance such that the disk is not broken when the portable apparatus is

dropped. Thugadorquspedd ask thevigietmatidinsks theubdDaappafatust heThegnetol c
di sk) neeting inpact resistance higher than currently required inpact

resistance. rhegcltheseareefuitaients on ik eQrlireld@o potanthe Maghetio diek amde in
view of the aforenentioned respect, and it is an object of the invention to

provide a gliighesWpdddte for a magnetic disk neeting inpact resistance
hi gher than currently required inpact resistance. [0006] A glass substrate

for a magnet[ogodi]skHelwé Vir, WERtthemiagnetidd ik @We@'ﬂsﬁigw%béatiﬁ for a
magneti c di sk whére the substrate has a main surface and end face and is

subj ected t qhehpIDO3hppaRitDE0 L HERAY [dfRiSEMposed df thBarRrRItiZ@fsk N t hat
the penetration length in the uppernobst-portion stress |ayer on the main

surface is A% high QtrdrRfth, (iMphdthPésREANEE NIt Ajuirdd i thdahugpRtiche

main surface and conpressive stress in a stress profile by a Babinet

conpensat or ngkhOOF&ﬁh@r, fn YaCuAt Wers! Idhba({an %Pé éép&@%?ﬁs has' Beeh

penetration ngth 1n the uppernost-portion stress ess. Herein,

the penet ratiofy lignghRablle 15 #RAGSEESLIBR AL Ofb S BkERpIe, Hctetobid PEggth of
t he | onger diagonal In an indentation en a
cellular telephones and portable music players, the magnetic disk is
required to have high impact resistance such that the disk is not
broken when the portable apparatus is dropped. Thus, required are

magnetic disks (substrates for the magnetic disk) meeting impact

resistance higher than currently required impact resistance.

Disclosure of Invention

[0005] The present invention was made in view of the
aforementioned respect, and it is an object of the invention to
provide a glass substrate for a magnetic disk meeting impact
resistance higher than currently required impact resistance.

[0006] A glass substrate for a magnetic disk of the invention is a
disk-shaped glass substrate for a magnetic disk where the substrate
has a main surface and end face and is subjected to chemical
reinforcement treatment, and is characterized in that the penetration
length in the uppermost-portion stress layer on the main surface is
49.1 um or less, and that assuming that an angle between the main
surface and compressive stress in a stress profile by a Babinet

compensator method is 6, a value y of {12tIn(tan 8)+(49.1/t)} is the



di anond quadrangul ar pyram d i ndenter of rhombic transverse section with
vertex angles of 17230 and 130 is pressed against the nmain surface with a
pressing force of 100 g, the tan 0 is a value {(P1+P2)/(L1+L2)} cal cul ated
fromstress values and stress depths obtained by the Babi net conpensator
met hod, and the t is a thickness of the gubstrate. Pi is a conpressive
stress value, P2 is atensile stress value, L, is a conpressive stress
depth, and L2 is a tensile stress depth. [0007] According to this

consti tuti orpetdiratiompliedgihva thig eppermostiirtion stressuafyacer lagsr portion
(wth a depth of the order of about 1.5 pmfromthe substrate surface),

rates of change i rHéhsinstthessen&@htion (erQythrigstie/ @pplerarsstapdrtiamnsitess
stress) in the depth direction inside the substrate are snall, and it is

thereby possiaee is0as#éhgity ofi thidbnigesi dlagureal( irpraexadeingativht Wledndi ng
accel erations of 1500G to 2000G for one thousandth of a second) higher than

the currentldianiendi geddrapgalar esipyranie. indoRtr |oT trAenthizs Irandeérsy e for
a magnetic disk of the invention, the value of y is preferably {16tIn(tan

e) +(49.1/1) }sedtdONith Velrteex angtes DIostZFE 4fd 180TEENSidss el alyapistt e

invention, glass formng the glass substrate for a magnetic disk is

preferably mlaiin \95hLECRItA @l pFes§iony 2oRiDfZM 00l §OkAE tan tdhasghagsiue
substrate for a nmagnetic disk of the invention, surface roughness Ra of the

mai 0 surf acePRapUIRE, DY ancalclThted [O6RF STESOSPARRY iR ofipsgbl do i nm or

less. 4 [00 In"the gl'ass substrate for a magnetic disk of the iInvention,
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thickness of the substrate.
P, is a compressive stress value, P, is a tensile stress value,

L4 is a compressive stress depth, and L, is a tensile stress depth.
[0007] According to this constitution, the compressive stress is
high in the surface layer portion (with a depth of the order of about
1.5 ym from the substrate surface), rates of change in the stress
values (compressive stress and tensile stress) in the depth direction
inside the substrate are small, and it is thereby possible to satisfy
impact resistance (for example, withstanding accelerations of 1500G
to 2000G for one thousandth of a second) higher than the currently
required impact resistance.
[0008] In the glass substrate for a magnetic disk of the invention,
the value of y is preferably {16-tsIn(tan 8)+(49.1/t)}.
[0009] In the glass substrate for a magnetic disk of the invention,
glass forming the glass substrate for a magnetic disk is preferably
aluminosilicate glass containing Zr.
[0010] In the glass substrate for a magnetic disk of the invention,

surface roughness Ra of the main surface measured by an atomic

force microscope is preferably 0.3 nm or less.



the gl ass substrate for a magnetic disk. [0012] In the glass substrate for a
magnetic disk of the invention, the conpressive stress depth is preferably
50 pmor nore. [0013] A manufacturing nethod of a glass substrate for a
magnetic disk of the invention is a manufacturing nmethod of a gl ass
substrate for a magnetic disk including yhe step of applying chem cal
reinforcenent treatnent to the glass substrate, and is characterized in
that the chem cal reinforcenent treatnent is performed under sufficient

condi tions goohdt thetehsatd WstrgRIFer aNmidith ettP BIPSKRT tthRO[HVeHTidH | €SS
| ayer on the main surface of the glass substrate for a magnetic disk is
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and conpressive stresS in a stress profile by a Babinét conpensator nethod

is 8, a val up nfe8burdrhéht %h@"ﬂh%f*()“@ b )ih ti%e LdIPcARREldfdd Qird@ien of n the

upper nost-portion stress layer or less. Herein, the penetration length in

t he upper nos(hepé)|ratslsogh§§trr§§§f0|l gy@,ragln%tﬁ; agrkgth of the |onger diagonal in an
i ndentati on when a dianond quadrangul ar pyram d i ndenter of rhonbic
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the main surfac wth a pressing torce of 1007g, the tan 8 is a va
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for a magnetic disk including the step of applying chemical

reinforcement treatment to the glass substrate, and is characterized
in that the chemical reinforcement treatment is performed under
sufficient conditions so that the penetration length in the
uppermost-portion stress layer on the main surface of the glass
substrate for a magnetic disk is 49.1 ym or less, and that assuming
that an angle between the main surface and compressive stress in a
stress profile by a Babinet compensator method is 0, a value y of
{12+teIn(tan ©)+(49.1/t)} is the penetration length in the
uppermost-portion stress layer or less.

Herein, the penetration length in the uppermost-portion stress
layer is a length of the longer diagonal in an indentation when a
diamond quadrangular pyramid indenter of rhombic transverse
section with vertex angles of 172°30’ and 130° is pressed against the
main surface with a pressing force of 100 g, the tan 0 is a value
{(P1+P2)/(L4+L2)} calculated from stress values and stress depths
obtained by the Babinet compensator method, and the t is a
thickness of the substrate.

P1 is a compressive stress value, P; is a tensile stress value,



fromthe substrate surface), rates of change in the stress val ues
(conpressive stress and tensile stress) in the depth direction inside the
substrate are small, and it is thereby possible to obtain glass substrates
for a magnetic disk satisfying inpact resistance (for exanple, wthstanding
accel erations of 1500G to 2000G for one ghousandth of a second) higher than
the currently required inpact resistance. [0015] In the manufacturing

nmet hod of a glass substrate for a nagnetic disk of the invention, the val ue

of y is prefler abhYcorhppéssiveastr8ss (dbth/ tand L 9 Ebiendild Bergsangepeiuri ng

met hod of a glass substrate for a nagnetic disk of the invention, glass

form ng the [gl0asy spkebrdirg) t@thid mMeditRl,| thedicoknpred¥ivé &tedsy is high in
alum nosilicate glass containing Zr. [0017] A nmagnetic disk of the

i nvention i St_h@héﬁﬁ%h%riaé%i Pty i(Mdth e eple Vs tRdraeehfobBe&t SUBSkfAL €
for a magnetic disk, and a nagnetic |ayer provided on the main surface of

the glass supshi ahe slipstratergnpbice)dirakesli 6REHANGY iMi thentrBss LaNRis
[0018] A manufacturing method of a gl ass substrate for a magnetic di sk of

the inventi qionSpredGPETAPE8S IdHH TBAENE SttedsPimifesyOPtH Ak ctidH idsidRanetic
di sk including a chem cal reinforcenent treatnent step of inmmersing a

di sk-shaped tpleasppStite’ aF€ $Mbl, 3akd fieusathdidy plodsitié 26 6E§aiﬁ?g%%rs

portion in a chem cal reinforcenent treatnment sSolution, causing i

exchange forg iedradd%drelAthughetRMiSk! f&i‘?@t ? t Qg%ﬂqaﬁ%f ?ﬁtgr of
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the gl ass substrate with relatively large i'on ontained 1n the chem cal
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the chem calihgysandth of a second) higher than the currently required impact
resistance.
[0015] In the manufacturing method of a glass substrate for a
magnetic disk of the invention, the value of y is preferably
{16-teIn(tan 8)+(49.1/t)}.
[0016] In the manufacturing method of a glass substrate for a
magnetic disk of the invention, glass forming the glass substrate for
a magnetic disk is preferably aluminosilicate glass containing Zr.
[0017] A magnetic disk of the invention is characterized by having
the above-mentioned glass substrate for a magnetic disk, and a
magnetic layer provided on the main surface of the glass substrate
for a magnetic disk directly or via another layer.
[0018] A manufacturing method of a glass substrate for a magnetic
disk of the invention is a manufacturing method of a glass substrate
for a magnetic disk including a chemical reinforcement treatment
step of immersing a disk-shaped glass substrate with a circular hole
formed at its center portion in a chemical reinforcement treatment
solution, causing ion exchange for replacing relatively small ions

contained in the surface of the glass substrate with relatively large



reinforcenent treatnent is perfornmed so that a deformation anount of the
circular hole forned at the center portion of the disk-shaped gl ass
substrate is within 0.05% of the dianmeter of the circular hole, and that
the transverse strength of the disk-shaped glass substrate is 98 N or nore.
[0019] A manufacturing nethod of a glass gubstrate for a magnetic disk of
the invention is a manufacturing nmethod of a doughnut-shaped gl ass
substrate for a nagnetic disk having a circular hole at its center portion,

and is chardeherta@ehihadtinathevetemidadreirfoscOmetitreghBheRolsesunbnd@hd o
1000 gl ass substrates that are arbitrarily selected are nmeasured, the

di aneter of thkeebir erdatindoh ecOmpreasivedfstidss dhges ipulbhér gufacesonthe n the
range of 5x10-4xA relative to the average dianeter A of the circular holes

of the gl assglaggbssuptaate! hard ansveaitfraztéanreth of ¢nah dhasschehfitapte is
98 N or nore, and that control is thus perfornmed. [0020] In the

manuf act uri N@iARIreeth et redHtAfentSHPPeTRIthé@ s thERGNQlef6rfiasio rOhnidént ,
invention, it is preferable that the glass substrate for a nagnetic disk is

a 2.5-inch sa#ié alifoulafthdlBafornhed &b aietcntel gdRidH ofuhadr disk-ahaiperpch
gl ass substrate is within ALO pm [0021] A manufacturing nethod of a gl ass

substrate fglaésnﬁﬁlﬁﬂrb?e idi withfd 0. 06% BFefHd Aametdr BIHACIACUIZY higgé hod of

a glass substrate for a nmagnetic disk including a chem cal reinforcenent

treatment  siep thht tREPHEINAY eRsEl StheRfaPast ﬂi@%?sl@%%e%f 146$ N strafey! ar

hole 7 forned at its center portion in a chem cal reinforcenent treatnent
sol ution, cadsydqy ioP'mexehange for replacing relatively small ions
contained in the surface of the glass substrate with relatively |arge

[0019] A manufacturing method of a glass substrate for a magnetic
disk of the invention is a manufacturing method of a
doughnut-shaped glass substrate for a magnetic disk having a
circular hole at its center portion, and is characterized in that when
diameters of circular holes of 500 to 1000 glass substrates that are
arbitrarily selected are measured, the diameter of the circular hole of
each of the glass substrates is within the range of +5x10 *xA relative
to the average diameter A of the circular holes of the glass
substrates, the transverse strength of each glass substrate is 98 N
or more, and that control is thus performed.

[0020] In the manufacturing method of a glass substrate for a
magnetic disk of the invention, it is preferable that the glass
substrate for a magnetic disk is a 2.5-inch substrate, and that the
diameter of the circular hole of each glass substrate is within A+10
um.

[0021] A manufacturing method of a glass substrate for a magnetic
disk of the invention is a manufacturing method of a glass substrate
for a magnetic disk including a chemical reinforcement treatment

step of immersing a disk-shaped glass substrate with a circular hole



ions contained in the chem cal reinforcenent treatnent solution, and
thereby creating a conpressive stress layer in the surface of the gl ass
substrate, and is characterized in that the chem cal reinforcenent
treatment is perforned by selecting a glass material of the disk-shaped
gl ass substrate and treatnent conditions of the chem cal reinforcenent
treatnent so that a deformation anmobunt of the circular hole fornmed at the
center portion of the disk-shaped glass substrate is within 0.05% of the

di amet er of fohaedi atutsircdrttiee, portivh tihae thenticahsesifoecsmaartgtrie atingrte
di sk-shaped gl ass substrate is 98 N or nore. [0022] A manufacturing nethod

of a gl ass shstionl ecdwsing navgnexclsandeskoofrephecingyestdtivelyssmall ions
manuf acturi ng method of a glass substrate for a magnetic disk including a

chem cal reigofmameenh thecgurkide ofttte glassmibstrgteawdits kebdthpsd igirges
substrate with a circular hole fornmed at its center portion in a chem cal

rei nforcenenpnireaitapngd iAadhet coemicalséindo rcymexe rdwienént sbatice, aad
relatively small ions contained in the surface of the glass substrate with

rel atively ltaessby i eeatitai daflprdséive eherdscabyéeiinf tie estpiacé r enttAent
solution, and thereby creating a conpressive stress layer in the surface of

the glass §J§§§ra§,@ost@§€b i sapgar pct %'h'a?ﬁ@térnzé@atma fiedtor pRé | dhamwedt  due
to the chenmical reinforcement treatment of the circular hole formed at the

center IOO”'r@mf@frcéﬁf%rﬁ'tﬂéaﬁhéﬁt?q’s ﬁﬂeﬁfﬁérnﬁéésdy 3bfedting ReHRI N AHtedrATTed foOr
each glass, a glass material is selected so ‘that the deformation anount is
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transverse strength of 'the d| sk-shaped gl ass substrate due to the chem cal
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the circular hole formed at the center portion of the disk-shaped
glass substrate is within 0.05% of the diameter of the circular hole,
and that the transverse strength of the disk-shaped glass substrate
is 98 N or more.

[0022] A manufacturing method of a glass substrate for a magnetic
disk of the invention is a manufacturing method of a glass substrate
for a magnetic disk including a chemical reinforcement treatment
step of immersing a disk-shaped glass substrate with a circular hole
formed at its center portion in a chemical reinforcement treatment
solution, causing ion exchange for replacing relatively small ions
contained in the surface of the glass substrate with relatively large
ions contained in the chemical reinforcement treatment solution, and
thereby creating a compressive stress layer in the surface of the
glass substrate, and is characterized in that a deformation amount
due to the chemical reinforcement treatment of the circular hole
formed at the center portion of the disk-shaped glass substrate is

beforehand grasped for each glass, a glass material is selected so

that the deformation amount is within 0.05% of the diameter of the



the circular hole is fornmed at the center portion, and the chem cal
reinforcenent treatnent is performed. [0023] In the nmanufacturing nmethod of
a glass substrate for a nagnetic disk of the invention, glass for chem cal
reinforcenent formng the di sk-shaped gl ass substrate with the circul ar
hole formed at its center portion prefergbly contains in expression of
percent by mass: SiQ2 57-75% Al203 5-20% (where the total anmount of

Si +A12C3 is 74% or nore) the total of ZrQ2, H 02, Nb205, Ta205, La203,
Y208, and TidiRculaxckel,ngnd%hat Gheotraneserséi getxgtieedf nheltisio sh¥perd | ess;
Na20 5-18% (where the nmass ratio Li20 Na20is 0.5 or less) K20 0-6% MO

0-4% CaO exglaedi fighHYate® dald 06 thesshefmbglr eeinlierderhaht areatment M@ and Cao
is 5% or less, and the content of CaO is higher than the content of MO

and Sr O+BaO ¢k afore] Ahd43elettébeglamBunatétial g pretbededfinad @kafsrns ugiileat e
for a magnetic disk of the invention, the chem cal reinforcenent treatnent

i s preferablthepeidconarholsi iRIfGrmEENAC dhe! €6l pOFEOA, WrRALABNENEmisal ution
havi ng a conposition with 60 percent to 80 percent by mass KNO3 and 40

percent to Z2@jRRIreeiemytreBsmeMNGDdrbahed100 percent by mass in total) at
a tenperature ranging from350C to
[0023] In the manufacturing method of a glass substrate for a
magnetic disk of the invention, glass for chemical reinforcement
forming the disk-shaped glass substrate with the circular hole formed
at its center portion preferably contains in expression of percent by
mass:
Si0;  57~75%;
Al;03 5~20%;
(where the total amount of SiO;+Al,03 is 74% or more)
the total of ZrO,, HfO,, Nb,Os, Ta,0s5, La>03, Y03, and TiO,
exceeding 0% to 6% or less;
LioO exceeding 1% to 9% or less;
NazO 5~18%;
(where the mass ratio LiO/NazO is 0.5 or less)
KO 0~6%;
MgO 0~4%;
CaO exceeding 0% to 5% or less;
(where the total amount of MgO and CaO is 5% or less, and the
content of CaO is higher than the content of MgO) and
SrO+BaO 0~3%.
[0024] In the manufacturing method of a glass substrate for a
magnetic disk of the invention, the chemical reinforcement treatment

is preferably performed using a chemical reinforcement treatment



420C. [0025] In the manufacturing nethod of a glass substrate for a

magnetic disk of the invention, a thickness of the conpressive stress |ayer
in the disk-shaped gl ass substrate subjected to the chemi cal reinforcenent
treatment preferably ranges from10 pmto 150 pm [0026] In the

manuf acturi ng method of a glass substrategfor a magnetic disk of the
invention, it is preferable to support a magnetic disk in which a track
density of information to record is at |least 100-gigabit TPI. [0027] In the

manuf act ur i ngo liohoHa0fn@ agt e asilehreith 60perceManedd petcekt oy hivss
invention, it is preferable to support a perpendicul ar magnetic recording

system Bri eKN@sAnPt4®@meicdatave e pOBHt blyGmdss SNaND agwiiare 100

illustrating a stress profile in a glass substrate; FIG 2 is a diagram

i I'lustratingp@rdeditabyORfaysd iMeiotgpNata tepsErate Stiriging frayer350TEsto
penetration length and tan O; FIG 3 is a perspective view show ng a
structure ofgapecnsi de dianeter neasurenment apparatus for neasuring an

i nside dianmeter of a glass substrate for a magnetic disk in the invention;

FIG 41is vimﬁ]pwimgtﬁesmmf%ic@uﬁh?mé%@fofaat rABS¥EeEEB Bt CREK
tester for neasuring the transverse strength of the glass substrate for a

magneti ¢ di sipdghdthedidenthénnvaffiohl @ tifickhedstRHABLRMUSIv &3 tRATPI e
of a configuration of 10 a magnetic disk according to one enbodi nent of the

invention. Begl W@'ﬁef@irsk@ﬁ?yéﬂgg@gs %Dg%ﬁ‘f@”&h@ﬂedt%z&] tRBDeALRBAF Of

the invention"w || specifically be descri

reinforcement treatment preferably ranges from 10 ym to 150 ym.
[0026] In the manufacturing method of a glass substrate for a
magnetic disk of the invention, it is preferable to support a magnetic
disk in which a track density of information to record is at least
100-gigabit TPI.

[0027] In the manufacturing method of a glass substrate for a
magnetic disk of the invention, it is preferable to support a
perpendicular magnetic recording system.

Brief Description of Drawings

[0028] FIG. 1 is a diagram illustrating a stress profile in a glass
substrate;

FIG. 2 is a diagram illustrating a relationship between an
uppermost surface layer stress penetration length and tan 6;

FIG. 3 is a perspective view showing a structure of an inside
diameter measurement apparatus for measuring an inside diameter
of a glass substrate for a magnetic disk in the invention;

FIG. 4 is view showing a schematic structure of a transverse
strength tester for measuring the transverse strength of the glass
substrate for a magnetic disk in the invention; and

FIG. 5 is a diagram showing an example of a configuration of



bel ow with reference to acconpanyi ng draw ngs. (Enbodinent 1) A gl ass
substrate for a nmagnetic disk according to the invention is a glass
substrate for a nagnetic disk installed in a hard disk drive (HDD), etc.

for exanple. The nmagnetic disk is, for exanple, a recording nedi um enabling
hi gh-density information signals to be rggorded and reproduced by the

per pendi cul ar magnetic recording system Further, the glass substrate for a
magnetic disk is mainly used for 1.8-inch nagnetic disks and 2.5-inch

magneti c di skenadRe8O]dibk ddud rdimg 3o s ehsth @diméentofmBeahventiopk accor di ng
to the invention, the penetration length in the uppernost-portion stress

| ayer on theBesi Mady fee €drsyihg Ouprtherinvessiorand when it is assunmed that
an angl e between the main surface and conpressive stress in a stress

profile by goBag)neEnsoonrneatof nblehptvdritidh ilvapueeificdlfy bleldeketibad
0)+(49.1/t)} is the penetration length in the uppernost-portion stress

| ayer or |esseloW i péferenle @ assonfpdiflingterawingapabl e of neeting inpact
resi stance higher than the currently required inpact resistance. In

addi tion, thEmpbaimantany |ength in the uppernost-portion stress layer is a
| ength of the |onger diagonal in an indentation when a di anond quadrangul ar

pyram d indenter ®f gldbsGhs{ralsVessea SeragRetiv disk ehkeyrding e athel 7230°
and 130 is pressed against the main surface with a pressing force of 100 g,

tan 0 is a viahdptiohPistB2yldds shBslratalforl 2ingdghead giskemstafled Vial Hafarnd
stress depths obtai ned by the Babi net conpensator nethod, and t is a

thickness ofgikRe FHRSIIHDB), Fetd. Sfér EMBRS! VETREN @gsgiatitedisi isS for

tensile stress val ue,
example, a recording medium enabling high-density information
signals to be recorded and reproduced by the perpendicular
magnetic recording system. Further, the glass substrate for a
magnetic disk is mainly used for 1.8-inch magnetic disks and
2.5-inch magnetic disks.
[0030] In the glass substrate for a magnetic disk according to the
invention, the penetration length in the uppermost-portion stress
layer on the main surface is 49.1 um or less, and when it is assumed
that an angle between the main surface and compressive stress in a
stress profile by a Babinet compensator method is 6, a value y of
{12<teIn(tan B8)+(49.1/t)} is the penetration length in the
uppermost-portion stress layer or less. Therefore, the glass
substrate is capable of meeting impact resistance higher than the
currently required impact resistance. In addition, the penetration
length in the uppermost-portion stress layer is a length of the longer
diagonal in an indentation when a diamond quadrangular pyramid
indenter of rhombic transverse sectfon with vertex angles of 172°30’

and 130° is pressed against the main surface with a pressing force

of 100 g, tan 6 is a value {(P1+P2)/(L1+L2)} calculated from stress



L, is a conpressive stress depth, and L2 is a tensile stress depth. [0031]
In the glass substrate subjected to chem cal reinforcenent, the conpressive
stress layer is forned in the surface | ayer by replacing ions of atons
contained in the glass formng the glass substrate with ions of atons
having an atom c radius larger than that 1pof the atoms. FIG 1 shows a
stress profile in the glass substrate thus subjected to the chem cal
reinforcenent treatnment. FIG 1 is a diagramshowing the stress profile in

the gl ass sukftiest @and tdtrasst Hepkhesabtained MYG the Babiieta dommpbasat@ht of
the line X at the center is an area of conpressive stress, while an area to

the left of rhBehddngndX issa ahickrRs0bf tieaSUBtRiteess. I n other words, in
FIG 1, P, represents a conpressive stress value, and P2 represents a

tensile stress vPuss aFeopressive btresslvalue,/RPISEN Fsife SABYLYAIYES,
stress depth, and L2 represents a tensile stress depth. In the area of

conpr essi ve [St fse8 cordpré$Eiveosipe §§ erhStarRPE, Vélautedsild Beiedds@epth .t he
degree of reinforcenent is higher. Further, in the area of tensile stress,

t he di st ancqpogdant hn ftﬁ@r@glta@% §UbStra®é & etasE thoch&micslt FEiRFoRicthehe is a
di stance such that a fracture occurs when 'a crack reaches the stress

profile fromheh&otHPRéSAlE SUdsACaayaRdifasioried d@Pithel RUrEASESIayidie byl ass
is harder to break. [0032] Fromthe vi ewpoint of inpact resistance

(fracture- prefidcingMi§As Oof ARLASENESN1RINEATIEthe0I488 RIrFRRG PR flas(angl e
between the nmain surface and conpressive stress) of fromthé area” of

conpr essi Ve §iig&pstd Wit forfs 8% Abni$haViFg Hrl 88Smié ralfuP I Sigeratplam that 12

tan 6 is large, 1.e. the distance (depth)"fromthe substrate surface to the

T oSS LSRG O, FIGE 1 SRS YR AR B s B slitruie
thus subjected to the chemical reinforcement treatment. FIG. 1 is a
diagram showing the stress profile in the glass substrate with a
thickness t. In FIG. 1, an area to the right of the line X at the center
is an area of compressive stress, while an area to the left of the line
X is an area of tensile stress. In other words, in FIG. 1, P4
represents a compressive stress value, and P, represents a tensile
stress value. Further, in FIG. 1, L represents a compressive stress
depth, and L, represents a tensile stress depth. In the area of
compressive stress, as the compressive stress value P, increases,
the degree of reinforcement is higher. Further, in the area of
tensile stress, the distance (depth) from the substrate surface to the
stress profile is a distance such that a fracture occurs when a crack
reaches the stress profile from the substrate surface, and as the
depth increases, the glass is harder to break.

[0032] From the viewpoint of impact resistance (fracture-proof),
when O represents a gradient of the stress profile (angle between the

main surface and compressive stress) of from the area of

compressive stress to the area of tensile stress, it is preferable that



and it is possible to effectively suppress a crack that tends to extend

agai nst inpact of a short tinme (two-thousandths of a second or |ess).
Meanwhi | e, when tan 0 is increased in the stress profile, the conpressive
stress val ue Pl decreases consequently. Under such circunstances, the
inventors of the invention directed attentjon to a mcro-surface |ayer
portion in the substrate surface, found out that inpact resistance can be

i nproved by increasing hardness of the substrate surface |ayer portion even

when tan O itani @Geaasgd, iR.tthe dtanee (depith) gremdiHd1eubertessinfacettoess
value P1 is low, and reached the present invention. [0033] The hardness of

the substr attpes@ticd®e proyies iss|fgl. uareds jgsbegauiBe laeRetdss variation of
(uppernost -portion stress |layer penetration length) of the |onger diagonal

in an indentfaérOthe\igair sdrRITRNEL tHEAAGHIWYS ahoBkFaIE WHeWeahay i9flafFd@nbi c
transverse section with vertex angles of 17230' and 130 is pressed agai nst

the main syAQRGLiMbBsIBI®SEfBEtIVENESUBDrd8d DerAGEehat Fend o toUdhedd
eval uation nmethod, It is possible to’indirectly represent the hardness in a

thin surfacedsner iMpdetdft HisHoresmef(t@BoHousdHBthe & BBddbAd®r 18dksirate
surface. In addition, the evaluation nethod of the hardness of the surface

layer in theugabwHifd e whehatsn ® Net ihtradssl tefrd Ostragd %ﬂ}é;li!@,t hpg can

be used which enables the hardness in a thin surface layer wth a thickness

of about 1 H?eﬁlprgsﬁ%i ?trb@@ V?Ml?espﬁagi%c?é'égﬁﬁ?cér?%@@uéﬁﬂzesQJ”ﬁ@é’r suieht he

i nvention, ength of the Tonger diagonal in the'indentation in the

above- ment i %?@ﬁ%tar‘?&@%uﬁﬁé GRvERtdIdof ?h%%n%ewﬁ‘o‘?{ diktied SR8AlioRud BeT

when an angl é between tHe main surface and conpressive stress in the stress
profile by a,R3bLEo6HateRAT2b8BFtion in the substrate surface, found out that

impact resistance can be improved by increasing hardness of the
substrate surface layer portion even when tan 8 is increased in the
stress profile and the compressive stress value P1 is low, and
reached the present invention.

[0033] The hardness of the substrate surface layer is evaluated
using the length (uppermost-portion stress layer penetration length)
of the longer diagonal in an indentation when a diamond
quadrangular pyramid indenter of rhombic transverse section with
vertex angles of 172°30' and 130° is pressed against the main
surface with a pressing force of 100 g. According to such an
evaluation method, it is possible to indirectly represent the hardness
in a thin surface layer with a thickness of about 1 ym to 2 ym in the
substrate surface. In addition, the evaluation method of the
hardness of the surface layer in the substrate surface is not limited
thereto, and any method can be used which enables the hardness in
a thin surface layer with a thickness of about 1 pm to 2 ym in the
substrate surface to be represented. In the invention, the length of

the longer diagonal in the indentation in the above-mentioned



method is assuned to be 9, a value y of {12tln(tan 9)+(49.1/t)} is made the
penetration length in the uppernost-portion stress layer or l|less. Tan O is
a value {(P1+P2)/(L1+L2)} calculated fromstress values and stress depths
obt ai ned by the Babinet conpensator nethod, and t is a thickness of the
substrate. At this point, Pl is a conpressive stress value, P2 is a tensile
stress value, L1 is a conpressive stress depth, and L2 is a tensile stress
depth. The characteristic curve of y={12tIn(tan 9)+(49.1/t)} is a

charact eri stdvaloativ® Methoednsi 49 Hl (m 3r Ié6sordingly, the glass substrate
according to the invention has characteristics of the area such that the

upper nost - pqoDI3A) StF@sRet ay@ieReBnt atidlen bletwah ithe 4Raih 0sulfgeé lamdt hi s
characteristic curve. Mre preferably, the glass substrate has an area of

y={16tI n(tarcdhptdSsivet sirelskain itheastreldar Fﬁéﬁrfei %;ylr @ BuhbVGeB compensatdt G 2.

As descri bed above, tan 9 is preferably |arger om t he vi ewpoi nt of

rupture resipeM6g-is dSSURER € B & g HIassy Soo$1 2 atp (8HF @)H(HI. 1/9))t ke
invention, in FIG 2, it is preferable that” the uppernost-portion stress

l'ayer penetrabidenthd peeeirdtfort JeAgtiNiRtheesppeAndstipirtiohestreassiagepir at e
has characteristics to the right (side where tan a'is larger) of "the

characteri stjggsCur Y8nAg 38daMaeudr &freai))yL +03NacBElRitEqS fRIMmt BEresdr €a
(right lower area in FIG 2) to the'right (side Where tan 9 is larger) of

the charact e\fél%bbcﬁﬂfvﬁr&s[QggﬂsTBBtéih'é%s  §id 'Baﬁgléth%ﬁ?nigéngé r 1 can
the c

be obtained from Babi net npensat or nmethHod. In addition, the Babinet

14 Comens%%'fh?(z,séﬂditnﬁté‘fﬂ’ﬁfﬂn%}é@cé\g%@%dﬁ’ﬁré’t@og te quartz wedges

havi ng equal ang and one of the es Is noved in the length direction

with a screw of a g giQRdigk; P Nst 8&IMBrded98Sstrb 8 value, P, is a tensile
stress value, L is a compressive stress depth, and L; is a tensile
stress depth. The characteristic curve of y={12+teIn(tan 0)+(49.1/t)}
is a characteristic curve A shown in FIG. 2. Accordingly, the glass
substrate according to the invention has characteristics of the area
such that the uppermost-portion stress layer penetration length is
49.1 or less in this characteristic curve. More preferably, the glass
substrate has an area of y={16-teIn(tan 0)+(49.1/t)} that is a
characteristic curve B shown in FIG. 2. As described above, tan 6
is preferably larger from the viewpoint of rupture resistance.
Therefore, in the glass substrate according to the invention, in FIG. 2,
it is preferable that the uppermost-portion stress layer penetration
length is 49.1 ym or less, and that the glass substrate has
characteristics to the right (side where tan © is larger) of the
characteristic curve A, and more preferably, characteristics of the
area (right lower area in FIG. 2) to the right (side where tan 6 is
larger) of the characteristic curve B.
[0035] The stress profile as shown in FIG. 1 can be obtained from

the Babinet compensator method. In addition, the Babinet



optical axis directions are nutually perpendicular, and the optical axis
direction of one novable wedge is along the novable direction. This

i nstrunment has w dely been used for exam nations of retardation in phase
di fference and the degree of double refraction in crystals, tests of glass
with internal stress, etc. [0036] The manufacturing of the glass substrate
is provided with (1) shape processing step and first |apping step, (2) end
portion formng step (coring step of form ng a hole portion, chanfering

step (chanfesmpepigater és faor mhsi9uRicant) indfludivigritwe 6ppokreequattiz weelydsn the
end portions (outer circunferential end portion and I nner circunferenti al

end portion)hav\idy egdal aEry188! iasid BAeSHERhEOWREGesCid poN&d aAtthd |&emgth
portion and inner circunferential end portion), (4) second |apping step,

(5) main surdipsetion! Weth 0 sdrew (Jfi BSmieRdmeI€EONdnPH & StWdIweHgRs) . thend ( 6)
chem cal reinforcenment step. In addition, the steps except the chem cal

rei nforcemerdpitLP i€ diPééfi@h@ﬁré‘ﬂﬂ%&uQﬂ?dbéfW[fcmér,aéﬁdgﬁﬁ'@r@biibfal
performed. [0037] To obtain the glass substrate having the above-nentioned

properties, afisi §irB8f6ASE YnkOmPRiatIBawEH8SisCaMmNgithe M ova®IE AR &fdn.
rei nforcenent conditions properly in (6) Chem cal Teinforcement step. In

ot her words, Thizein@tAspeR® HASWid Oy BBENGISID 8 ex@ninakt OHEDBF refdtaatiorons
are set suitably so that the penetration length in the uppernost-portion

stress | ayerinoBhbe dftidrehid’ 8r@ e 4fbghalTbPdodises reagtibhal apamIgg that

an angl e between the main surface an conpressive stress I n the Stress

profile by tﬂé%tg%t?id]ggsqpﬂﬁﬁﬁgﬂtr@ s}%%gr:a%ﬂ%?d is 8 avalue y of {12tln(tan

8)+(49.1/t)} 1Is the penetra engt he uppernost-portion stress

layer or | esgde}03FheChigtufRitaring offteMgigsd Nsukirsfe SEb5IdAEEd! Withude

(1) shape processing step and first lapping step, (2) end portion
forming step (coring step of forming a hole portion, chamfering step
(chamfered surface forming step) of forming chamfered surfaces in
the end portions (outer circumferential end portion and inner
circumferential end portion), (3) end face polishing step (outer
circumferential end portion and inner circumferential end portion), (4)
second lapping step, (5) main surface polishing step (first and
second polishing steps), and (6) chemical reinforcement step. In
addition, the steps except the chemical reinforcement step are
performed under conditions that are generally performed.

[0037] To obtain the glass substrate having the above-mentioned
properties, it is necessary to set the glass composition and chemical
reinforcement conditions properly in (6) chemical reinforcement step.
In other words, the glass composition and chemical reinforcement
conditions are set suitably so that the penetration length in the
uppermost-portion stress layer on the main surface is 49.1 ym or
less, and that assuming that an angle between the main surface and

compressive stress in the stress profile by the Babinet compensator



alum nosilicate glass. The alum nosilicate gl ass enables excellent snooth
mrror finished surface to be achieved, and further, enables its breaking
strength to be enhanced by undergoi ng chem cal reinforcenent. Particularly,
it is preferable that the alum nosilicate glass contains Zr. By the

alum nosilicate glass thus containing Zr,;d4t 1is possible to increase the
nmodul us of rigidity (=Young's nodulus/specific gravity) of the substrate.

[ 0039] More specifically, as the aluminosilicate glass, it is possible to

preferably unethide igl @sa wakiee ySofOqi 2+Bih (b@h @M (4001/kP Rerienbendiratidss,
Al238 is 5 percent to 20 percent by mass, (where the total anount of

Si G2+Al 2CB ilengéh perthenip pyrimess portiohr stress hgyépoalless. Zr 2, H 02, Nob2Cb,
Ta205, La203, Y203, and Ti Q2 exceeds O up to 6 percent by mass or |ess,

Li 20 exceedq0b3Bgr cerglaeyg NBidetin|$ O fOrmARy CeRE hylaBBSSsWstraes, iMgiR@e s 5
percent to 18 percent by mass (where the nmass ratio Li20Na20is 0.5 or

less), K20 iguthih@sficdter geds.by TRRS aluMifbsickté Ogrh saee@itllie Ve X&Sife ntCalO
exceeds 0 up to 5 percent by nmass or less, (where the total amount of MO

and CaO is gmBBEEaAlrrdY fiMSRe@ sig68e NBel BBhRAEENANA! fUP R, Sehd 9IRS
than the content of MJO, and SrO+tBaOis 0 to 3 percent by mass. [0040]

SiQ2 is a gt pPERRIAY strehGtmItd h%&'éﬁﬁaﬁ&éh?tﬂmuﬁaér%éin,ga EREROESINT
functioning to inprové glass stability and chem cal durability,

par ti cul arl yeiRGrdehRoniSt 2pasticdRATEA% st PRITERAbE tA4EHRE ALminbRikedst rate,
and increase heating efficiency of the substrate due to radiation. Wen the

content is | %%st&}?rﬂaﬁg/%rqevégghéhléjgmiﬂ%sﬁ@ca&%ﬁ?f%ﬁ% HBRESARFG Zr! ft | S

hard to obtaln glass that can acture t I'Tty, the viscosity

ggg;gg:e%%%ﬁe te:;e,;]méme lfo MRdPeAsET I (Y U mbBANNY |6  WRGith Ne(Lru /e
modulus/specific gravity) of the substrate.
[0039] More specifically, as the aluminosilicate glass, it is possible
to preferably use the glass where SiO; is 57 percent to 75 percent
by mass, Al,0O3 is 5 percent to 20 percent by mass, (where the total
amount of SiO,+Al; O3 is 74 percent by mass or more), the total of
ZrO,, HfO,, Nb2Os, Ta,0s5, Lay03, Y203, and TiO, exceeds O up to 6
percent by mass or less, Li,O exceeds 1 percent by mass up to 9
percent by mass or less, Na,O is 5 percent to 18 percent by mass
(where the mass ratio Li;O/Na,O is 0.5 or less), K;O is 0 to 6
percent by mass, MgO is 0 to 4 percent by mass, CaO exceeds 0
up to 5 percent by mass or less, (where the total amount of MgO and
CaO is 5 percent by mass or less, and the content of CaO is higher
than the content of MgO), and SrO+BaO is 0 to 3 percent by mass.
[0040] SiO;is a main component forming the glass skeleton, and is
a component functioning to improve glass stability and chemical
durability, particularly, acid resistance, decrease thermal diffusion of

the substrate, and increase heating efficiency of the substrate due to

radiation. When the content is less than 57%, devitrification



of glass is nmade difficult. In terns of devitrification resistance,
viscosity, formng property, etc. the content of SIQ2 is preferably in the
range of 63 percent to 70 percent by nass, and nore preferably, in the
range of 63 percent to 68 percent by mass. [0041] A1203 is a conponent for

i mproving chem cal durability, while prampting ion exchange, and when the
content is less than 5 percent by nmass, the aforenentioned effects are not
exhibited sufficiently, while when the content exceeds 20 percent by nmass,

the meltingepistaAtky desredRed, riif i Rathard r esi sbaaee gladshetrgitassart epds to
decrease. In terns of bal ance anong chemi cal durability, ion exchange

property, angafBfddtdged’ @RAr biaintdy, de tvisdosiay idutreageiss taid dobihgeisgl ass,
etc. the content of A1203 is preferably in the range of 11 percent to 20

percent by nade @ificaR © MeahavHild ywhieh tHd&omeae eXicebd sP#6e5NdIfngS
percent by mass. [0042] It is possible to substitute SiO2 and A1203 for each

other, but dfngi@4mEisOmade NHAFIBURY JlmSerAia b idevigfcANem fdistinadi | ity
excellently, it is preferable that the total content of SiQ2 and A12Q3 is

74 percent Ryse@sity,OforiMing pfoferyeiREalbhe domentdr e, M Prefer@MIptini s 76
percent by mass or nore, the nore preferable range is %8 percent by mass or

nore, the f ‘ihbh@ngﬁi f FARIRCEANIS 70 pleliBent BYIRaDCRAH Mo red pP@fé?%'b‘ly,by
mass, and the furtthernore preferable range i$ 80 percent by mass or nore.

[ 0043] Al kaljk tﬁ%t@nygfééw%l‘ia EHF&\Aﬁ?}&BQ%eW@ &SP function to enhance

the nelting propert f gl ass, ileincreasing the 17 coefficient of

et SO PLAOE Y, ORI Sof ot G TEEARRS BB

thermal expapsii@pidiB6hYion exchange, and when the content is less than 5
percent by mass, the aforementioned effects are not exhibited
sufficiently, while when the content exceeds 20 percent by mass, the
melting property and devitrification resistance of the glass tends to
decrease. In terms of balance among chemical durability, ion
exchange property, and melting property and devitrification
resistance of the glass, etc. the content of Al;O3 is preferably in the
range of 11 percent to 20 percent by mass, and more preferably, in
the range of 13 percent to 18 percent by mass.
[0042] Itis possible to substitute SiO, and Al,O; for each other, but
in terms of maintaining glass stability and chemical durability
excellently, it is preferable that the total content of SiO; and Al;O3 is
74 percent by mass or more. The preferable range of the total
amount is 76 percent by mass or more, the more preferable range is
78 percent by mass or more, the further preferable range is the
range exceeding 79 percent by mass, and the furthermore preferable
range is 80 percent by mass or more.

[0043] Alkali metal oxides such as Li;O, Na,O and K;O function to

enhance the melting property of glass, while increasing the



[0044] Li20 is a nost preferable conponent as an alkali ion used for ion
exchange, and the content of 1 percent by mass or less nmakes it hard to
obtain chemcally reinforced glass having a thick conpressive stress |ayer
and strength when the chemical reinforcenent treatnment is performed, while
when the content exceeds 9 percent, chem cal durability and devitrification
resistance tends to decrease. In ternms 6f performance, chenical durability
and devitrification resistance of chemically reinforced glass, etc. the
content of Li20Qis preferably in the range of 1.5 percent to 7 percent by
mass, and nBPeffjsient: & ytharmalheexaapeids, 2apdr ceividg sswstraies B9rmass.
[0045] As well as Li20, Na20 is a conponent to obtain chemcally reinforced
gl ass, and infermadiwncdmceiding mesda; meartisuwarlyersubstratgs fori magnetied to
obtain chemcally reinforced glass having desired performance, while when

t he content r%e@réﬁag medpemithe piefenable thernataxpansian prepetiynds to
decrease. In ternms of performance and chemical durability of chemcally

rei nforced [IQ44] 4izO ihe owttepteferablgazomeopest @sapnyalkali henrese@ of 7
percent to 16 percent by mass, and nore preferably, in the range of 8
percent to i@ pencexechangeasand the temntendsobinl spergentcbyporass okdesgan be
used, but since K2Z0is not involved in ion exchange, the content is about O
to 6 percenmakes riadward] s taim cloemically reirforaetdoglass2 avinr®)a dhick 20
anount to Na20 anmount is usually 0.5 or less, preferably 0.45 or less, nore
18 pref er abbgnessive | estsesandafy@rt handpr etrergdhy, whe38 dhel eshentcass
conponents directly contributing to ion exchange in chem cal reinforcenent
are Li 20 andeiNd@@erardt atredthant i isn performted,i vghile when the content

exceeds 9 percent, chemical durability and devitrification resistance
tends to decrease. In terms of performance, chemical durability
and devitrification resistance of chemically reinforced glass, etc. the
content of Li,O is preferably in the range of 1.5 percent to 7 percent
by mass, and more preferably, in the range of 2 percent to 5 percent
by mass.

[0045] As well as LioO, Na,O is a component to obtain chemically
reinforced glass, and when the content is less than 5 percent by
mass, it is hard to obtain chemically reinforced glass having desired
performance, while when the content exceeds 18 percent by mass,
chemical durability tends to decrease. In terms of performance and
chemical durability of chemically reinforced glass, etc. the content of
Na,O is preferably in the range of 7 percent to 16 percent by mass,
and more preferably, in the range of 8 percent to 15 percent by mass.
Further, as an alkali component, KO can be used, but since K;0 is
not involved in ion exchange, the content is about 0 to 6 percent by
mass.

[0046] In addition, the ratio (Li,O/Na;O) of Li,O amount to Na;O

amount is wusually 0.5 or less, preferably 0.45 or less, more



ion exchange in a nelting salt is the Na ion and/or Kion. As the nunber of
substrates to undergo chem cal reinforcenent treatnent increases, the
concentration of Li ion in the nmelting salt increases. Then, when a | arge
anount of the glass with the ratio of Li20/'Na20 exceeding 0.5 is treated,
increases in the concentration of Li ion4 the nelting salt becone

remar kabl e, and the bal ance between the alkali ion that contributes to ion
exchange and the alkali ion that does not contribute to ion exchange

changes | ar gelefef4 9 Dhﬁtqra]eésfwanﬁrﬁﬁ*tﬁ@ﬂtpré‘féiféﬂlyg 0.B8Eor Aesd. I Skids the
treatnment conditions optimzed at the treatment starting tine deviate from

the optiml ciApdRerds difedtWbRbn@fiblifingt e@ Sidet BRERGNGRCT PASERemiBalr der
to solve such a problem the ratio of Li20 Na20 is preférably set at the

above- ment i orghidraeafent QP4 7ILi, M ARNNAAD Bde anhaledli a6h ebntriigNg N t he
melting property of glass by being added in small amounts, but are not

preferabl e ijgnl 8kERaAGRUIH B nIEiRYS Saf2 tREINET IR ldhdRot K 96n. aNRYthe

i nhibits ion exchange, and decreases the thickness of the conpressive

stress | ayern@ﬁmb@%f’@@é’t‘%ﬂe%h%“ Lﬁ?&ér’é;d @HHrﬁfc‘aqdrélhﬂﬁr?emé’ﬁFQFégtﬁ%M the

content of MJO preferably ranges from(O to 4 percent mass, and the

content of GaOragLer thb YoocartatiBn BEILISBh P the MoMihG oSk it Ihof@ssesr

| ess. [0048] Moreover, since chemcal durability ten deteriorate when

the total a”‘PHgB %hé\{‘ﬂg g@&?ﬁc%%%ﬁf%?sth@i/gléé?mﬂ% %?efaggw@pfgowg gnd Cao

is preferably percen Ss or less, nore pre peréent by

e ot oGS DB ERRIAL s e Mo glohSRr L UPLREY o

hi gher than tthréen?é’l?ﬁwﬂqtsaﬁ’lf become remarkable, and the balance between the
alkali ion that contributes to ion exchange and the alkali ion that
does not contribute to ion exchange changes largely from that at the
treatment starting time. As a result, the treatment conditions
optimized at the treatment starting time deviate from the optimal
range, as the number of treated substrates increases. In order to
solve such a problem, the ratio of Li,O/Na,O is preferably set at the
above-mentioned range.
[0047] MgO and CaO have the effect of improving the melting
property of glass by being added in small amounts, but are not
preferable in large amounts, because each addition in a large
amount inhibits ion exchange, and decreases the thickness of the
compressive stress layer of the obtained chemically reinforced glass.
Accordingly, the content of MgO preferably ranges from 0 to 4
percent by mass, and the content of CaO preferably exceeds 0
percent up to 5 percent by mass or less.
[0048] Moreover, since chemical durability tends to deteriorate

when the total amount of MgO and CaO exceeds 5%, the total

amount of MgO and CaO is preferably 5 percent by mass or less,



MJO. In terns of further increasing chemcal durability, it is preferable
that MgO and CaO coexi st as gl ass conponents. Then, by naking the ratio
(MO CaO of the MO anbunt to the CaO amount preferably 0.1 to 0.9, nore
preferably 0.3 to 0.7, it is possible to further increase chem cal
durability, and also increase glass stabjyity. [0049] ZrQ2, H 02, Nb20s,
Ta205, La203, Y203, and Ti Q2 are conponents for increasing chem cal
durability, particularly alkali resistance, and enhancing rigidity and

t oughness. Tﬂﬂ%fréfp}’feﬂ?eréM? 4 150patcembgthass of 18ss, iR furthePprefevdly 42203,
Y203, and TiO2 preferably exceeds 0% However, when the total content

exceeds 6 pesfRItt By mass opllass. Fuabhél 1o deskeardatrifibgtion! tdsistarqwerty
decreases, and/or the specific gravity increases. Therefore, it is

preferabl e toateldyet, ttheatos@HtedR CAD 75 Grefdifadly HGREP thandBe cbakdR of Y203,

and Ti O2 exceeds O up to 6 percent by nmass or less. In the total content,

the preferabig@angeni sefms BEr feRhebY in®easthg! ehemichhedupasility efier apl e
range is 4 percent by nass or less, and the further preferable range is 3

percent by nBeSefableetifat MydNEnd atab ceeristnhs JlB8sPEGMPoMARs! OViEeh] M t
is 0.1 percent by mass, the nore preferable lower |imt is 0.2 percent by

mass, the fuwhﬁfak@ﬁgfe ﬁ’lfélbrla‘%io :WP/CE@} dfStie SMRRD CEAfo Ut #BSthe LSO

furthernore preferab ower Is 1 percent By nmass, and the still

furthernore a limd 6 1 r . tH0059] ; g
Zr2, Hf02, ﬁlﬁbq;of@t ?Jart {)éSrfé\mli%2831, m%o%sgar?ﬁo"%ogﬁéf%rrlg%' t'%e tél ggg c'é\gﬁ;i ni ng
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[0049] ZrO;, HfO;, NbyOs, Ta;0s, Laz03, Y203, and TiO, are
components for increasing chemical durability, particularly alkali
resistance, and enhancing rigidity and toughness. Therefore, the
total content of ZrO,, HfO,, Nb>.Os, Ta0s, Lay03, Y203, and TiO,
preferably exceeds 0%. However, when the total content exceeds 6
percent by mass, glass stability decreases, the melting property
decreases, and/or the specific gravity increases. Therefore, it is
preferable that the total content of ZrO,, HfO,, Nb,Os5, Ta;0s5, Las0s,
Y,03, and TiO, exceeds 0 up to 6 percent by mass or less. In the
total content, the preferable range is 5.5 percent by mass or less,
the more preferable range is 4 percent by mass or less, and the
further preferable range is 3 percent by mass or less. In the total
content, the preferable lower limit is 0.1 percent by mass, the more
preferable lower limit is 0.2 percent by mass, the further preferable
lower limit is 0.5 percent by mass, the furthermore preferable lower
limit is 1 percent by mass, and the still furthermore preferable lower
limit is 1.4 percent by mass.

[0050] Among ZrO,, HfO,, Nb,Os, Ta,0s, L3203, Y203, and TiO,, in



respect to water resistance. Accordingly, in terns of maintaining water
resi stance, the content of T102 preferably ranges fromO to 1 percent by
mass, and nore preferably fromO to 0.5 percent by nmass, and no
introduction is further preferable. [0051] Hf 02, Nb205, Ta205 and La203
increase the specific gravity of the glass, and increase the mass of the
substrate, and therefore, in terns of reducing the weight of the substrate,
the total content of Hf 02, Nb2C6, Ta205 and La203 is preferably in the
range of 0 ttbe3glass wamtabyingadéO2ndhe predeetionyof re@ediorampiwstero the 2
percent by mass, and further preferably in the range of O to 1 percent by
mass, and rglasdcand oMater may Rdhesectqitee eglasisesunfasecwhieanthefglesshisof

Hf 02, Nb20b, Ta205 and La203 preferably ranges fromO to 3 percent by nass,
mor e pr ef er abimersednin watez, padcthe obtheraompamentuaréadvantageoals! withr om 0
to 1 percent by mass, and no introduction is furthernore preferable. [0052]
Zr2 is hi girespechetof waterroresistantanciAerardémglyal indtermbs | ot ynaintainingul ar | y
al kali resistance, and has the functions of increasing rigidity and

t oughness, whaler esdiastaricyy Hid iccindeay afnTiDemireférabrlyi rfngeseieom. 0 Rar tiher,
since the material cost is |lower than Y203, the mass ratio of the content
of ZrQ2 to tperceotdly owmgssrandmdreOprefaiady fidoA@b fo ThB0berdeatddy M@9s8, and
TiQ2 is preferably in the range of 0.8 to 1, nore preferably in the range
of 0.9 to 1,ardinbhietroguctien ablfurthertgrefeeatge. of 0.95 to 1, and furthernore
preferably, 1. [0053] Introduction of ZrQ2 even in a very small anount
enhances 21 [00Bdi}i cHfOduNGLQ4,t Va,Qardrid WagQsyiradreake tresisplezifie,grawvity

provi des the functions of increasing rigidity and toughness, while further
i ncreasi ng &fffihe ghays, andhiewreabertbienhasemtthe sobds##at®, aadt therefore,

in terms of reducing the weight of the substrate, the total content of
HfO2, Nb2Os5, Ta,Os and La,03 is preferably in the range of 0 to 3
percent by mass, more preferably in the range of 0 to 2 percent by
mass, and further preferably in the range of 0 to 1 percent by mass,
and no addition is furthermore preferable. The content of each of
HfO,, Nb,Os5, Ta,05 and La,O3 preferably ranges from 0 to 3 percent
by mass, more preferably from 0 to 2 percent by mass, and further
preferably from 0 to 1 percent by mass, and no introduction is
furthermore preferable.

[0052] ZrO; is high in the function of enhancing chemical durability,
particularly alkali resistance, and has the functions of increasing
rigidity and toughness, while enhancing efficiency in chemical
reinforcement. Further, since the material cost is lower than Y;0s3,
the mass ratio of the content of ZrO, to the total content of ZrO,,
HfO,, Nb,Os, Ta,0s5, La03, Y203, and TiO, is preferably in the range
of 0.8 to 1, more preferably in the range of 0.9 to 1, further
preferably in the range of 0.95 to 1, and furthermore preferably, 1.

[0053] Introduction of ZrO, even in a very small amount enhances



essenti al conponent. However, when ZrQ2 is introduced excessively in a

t hi nned substrate, efficiency in chemcal reinforcenent is too high, an
excessive conpressive stress layer is formed, and swells tend to occur in
the substrate. Accordingly, it is preferable that the content of ZrQ2
exceeds O percent up to 5.5 percent by ness or |ess. The preferable range
of the content of ZrQ2 is 0.1 percent to 5.5 percent by mass. In the
content of ZrQ2, the preferable lower limt is 0.2 percent by mass, the

mor e pref er aiNeanidadvaurabinity, parfichlgrey cHRalibyesissancd haniduprberdgs eher abl e
lower Iimt 1is 1 percent by mass, the furthernore preferable lower limt is

1.4 percentfubytionss, of hénorefsingbl ggidiper dridn toughhepel cavhildy fomttar t he
nore preferable upper Iimt is 4 percent by nass, and the further

preferabl e yppesading efficleBcpanhcenemiyanpsimfotédrnéht) tinidszedh gst ihus ba
i ntroduce an additive for absorbing infrared rays to the glass so as to

i ncrease | R gaxatthili oBogfpdmengl ass Hawevet| wiser ededng fsheimebddickHusi on
of the substrate. Exanples of such an infrared ray absorbing additive are

Fe, Cu, Co, efbeddivelNd, ifr, aV, thifhed\ .su¥strdfe, Eeffafidnept ein ReéhemicalCo,
Yb, Mh, Nd, Pr, V, G, Ni, M, Ho and Er exist as ions in the glass. Wen

the ions argeiffFUERTEN REIEOTHGREHIP AR BPROIIMPréssivBestbagsiagieras t he
surface, and there is a risk of 'inpairing snoothness of the substrate

surface. Thebeh@de.and swelldTPORd aBtotSucRNthelsUbdra®l al Aceolr8iHgly it igh thin
O to 1 percent by mass, and the content is preferably in the range of 0 to

0.5 percent fpsfEpasie @St TRECcBREER! &fFl YrO) EReekdRI® percBht Qup Ot 25
percent by mass. In terns of Fe203, an introduction arount of Fe is

bt o a0 RREAATGy DR, sk e TG Rurfieab BRI Pooss

ZrO;, is 0.1 percent to 5.5 percent by mass. In the content of ZrO,,
the preferable lower limit is 0.2 percent by mass, the more preferable
lower limit is 0.5 percent by mass, the further preferable lower limit
is 1 percent by mass, the furthermore preferable lower limit is 1.4
percent by mass, the preferable upper limit is 5 percent by mass, the
more preferable upper limit is 4 percent by mass, and the further
preferable upper limit is 3 percent by mass.

[0054] It is effective to introduce an additive for absorbing infrared
rays to the glass so as to increase IR absorption of the glass, as well
as reducing thermal diffusion of the substrate. Examples of such
an infrared ray absorbing additive are Fe, Cu, Co, Yb, Mn, Nd, Pr, V,
Cr, Ni, Mo, Ho, Er and water. Fe, Cu, Co, Yb, Mn, Nd, Pr, V, Cr, Ni,
Mo, Ho and Er exist as ions in the glass. When the ions are
reduced, the components are deposited in the glass or on the
surface, and there is a risk of impairing smoothness of the substrate
surface. Therefore, it is important to control the total content to

within 0 to 1 percent by mass, and the content is preferably in the

range of 0 to 0.5 percent by mass, and more preferably in the range



by mass, furthernore preferably 0.1 percent by mass, and still furthernore
preferably 0.05 percent by mass. The preferable lower |imt amunt is 0.01
percent by mass, and the nore preferable lower I|imt anount is 0.03 percent
by mass. The particularly preferable range is fromO0.03 percent by nmass to
0.02 percent by mass. \Wen the above-nenijoned additives are used, it is
desired to introduce Fe wth high infrared ray absorption. In either

met hod, since introduction of these additives in a mnute quantity produces

the effect,ofgbass 0Bt ¢/drabht ANIMALBENG [heecAfd b VES, @5, aMPiiirbd@gtionor
exanple, silica materials may be used. However, even as the inpurities, the

amount i s regupupd b9 PR Geriieferall) At tEaidet PPUndssbedilesst epdrevard
t he above-nentioned respects in selecting naterials. In addition, Fe reacts

with platin td f ' an i he
gl ass, agi 1A cng Rg O oy PR by rRa T, PR e e S P T e
i nposes danqu he Ik ! i , u wh t
instrunents ar eﬂ%ustsséd,furiqﬁéﬂ@%[g?e g?fa%}agm?oogp ?gt%sﬁttﬁé' a@ggtsi’ vgﬁgn%ﬁf of
Fe. In suc @% | tyrd f f t i nt EAB- 108
functions tguitn ancerét géfr}%g til}ﬁép?)?ogée%?yﬁ @Etm §§ voﬁrg?iﬁq’i%tf(g, anofomay

erode a firquh@sifidurft i§ .%136%%&&268' Ha’é%,tdgﬁj ‘illlmésrﬁog% Zﬁ%?ér%{tﬁe loer

content is, 1lor exanpl e, Tess than er cent mass, preferably ranges
s+ e P REEPEIIn e TS pERESIPYS BiAKH ) RTGBACufor P slohl e
Sl B Fenfociendg 38 rRIZ0te (FRer MR WL
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with high infrared ray absorption. In either method, since
introduction of these additives in a minute quantity produces the
effect, glass materials containing the additives as impurities, for
example, silica materials may be used. However, even as the
impurities, the amount is required to be certain, and attention should
be directed toward the above-mentioned respects in selecting
materials. In addition, Fe reacts with platinum or platinum alloy
forming a part of melting chamber of the glass, agitating rod, or a
tube to flow the glass to be an alloy and imposes damage on the
chamber, agitating rod, and tube, and when these instruments are
used, it is preferable to suppress the additive amount of Fe. In
such a case, it is more preferable not to introduce Fe,O3;. B203
functions to enhance the melting property, but has volatility, and may
erode a fire-resistive substance in melting the glass. Therefore, the
content is, for example, less than 2 percent by mass, and preferably
ranges from 0 to 1.5 percent by mass, more preferably from 0 to 1

percent by mass, and further preferably from 0 to 0.4 percent by

mass, and no introduction is furthermore preferable.



desired not to use As2C3. [0056] In the glass for chem cal reinforcenent
havi ng such a glass conposition for use in the invention, the specific
gravity ranges generally fromabout 2.3 to 2.8, and preferably from2.4 to
2.6, and the glass transition tenperature ranges generally from450C to
600C, and preferably from 480C to 520C. [Q057] The glass materials form ng
the gl ass substrate for use in the invention are not limted to the

af orenenti oned materials, and exanples of the naterials are soda |line

gl ass, _soda[@d)yaq NBsidi CAlss0;9/86, ahdnTeO bATaRNbY lusedt asghaskrifier.
boron-silicate glass, quartz glass, chain silicate glass, and gl ass

ceram cs sugfb\asvéer,YAkaDi ARfoskasfoadd 089 8éndizoAntd1atd, cahdr§;aﬂﬁ@l§|<é¢rwnt
solution used for chemcal reinforcenent, although the solution is

dependent oyHE @hbabgbstranstist Hdfathered AFough HRNTIOERT RetRHJOfit i§e.
melting point and cost, it is preferable to use potassiumnitrate, sodium

nitrate, etgesifddl hBeto e Asghgm cal reinforcement tenperature, in
consideration of the nelting point of the chem cal reinforcenent solution,

glass trangpds6n A tHe gladdPollchemical feilfdPce MBI RAVING BOBHS JYPhysT anges
from 300C to 450C. Furthérnore, the chem cal reinforcenent” tinme preferably

ranges fromgd{ s &itibRUFSr Ii8e CRNSthECiAVERNOAT W%p&ﬁﬂ@“@?wiﬁyraﬁg}s
I ned as

additi on, the chem cal reinforcenent conditions can e deter

appropri at eg%ﬁ@rﬁﬁ?@?@hﬂ%bb%tgi.%fsﬁo @Beraib eﬁréféraw-fnw&% tﬁyz.%l?péﬁ{& ng

such chem c reinforcenent, it is possi to 24 ncrease the conpressive

stress in {he SHIIAL drhAYRlorPYelhOdrdttivé NrdngdePhinetalijiereprcsseicapout 1.5

pmfromthe subStrate surface) and to decreas e rates of change in the
stress val ugg ke g pFENSTably from 480°C to 520°C.

[0057] The glass materials forming the glass substrate for use in
the invention are not limited to the aforementioned materials, and
examples of the materials are soda lime glass, soda alumino silicate
glass, alumino boron-silicate glass, boron-silicate glass, quartz glass,
chain silicate glass, and glass ceramics such as crystallized glass.
[0058] As a chemical reinforcement solution used for chemical
reinforcement, although the solution is dependent on materials
constituting the glass, in consideration of the melting point and cost,
it is preferable to use potassium nitrate, sodium nitrate, etc.
Further, as a chemical reinforcement temperature, in consideration
of the melting point of the chemical reinforcement solution, glass
transition point of the glass, etc. the temperature preferably ranges
from 300°C to 450°C. Furthermore, the chemical reinforcement
time preferably ranges from 1 to 4 hours, in consideration of mass
productivity. In addition, the chemical reinforcement conditions can
be determined as appropriate corresponding to glass materials to
use.

[0059] By applying such chemical reinforcement, it is possible to



stress and tensile stress) in the depth direction inside the substrate. By
this neans, it is possible to obtain glass substrates having

characteristics that the penetration length in the uppernost-portion stress
| ayer on the main surface is 49.1 pmor |less, and that assum ng that an
angl e between the main surface and conpreggsive stress in the stress profile
by the Babi net conpensator nethod is 8, a value y of {12tIn(tan
8)+(49.1/t)} is the penetration length in the uppernost-portion stress

llayer or | eggcrddse he é‘&ﬁgreééWe S§QBBEETStNE sUrf£66 1898F Ibdrsiodr evRhagl y 50
pmor nore. In addition, y perform ng chem cal reinforcenent by two-step

i on exchanggephRtof thierof @t 8f AR®DUtM BhenOfrass the dadtrsRIsutdteYagnd foi on
exchange as the first step, and that Na+ is replaced with K+ in ion

exchange asdelchgagsecone £dteR. oft phﬁnQ@S%b{Wet@t_réé{;i GhRIEd Y hhptesdile 9l ass
substrate having the above-nentioned characteristics. [0060] In the glass

substrat e f QtresdBABCISIM Slred8)ahdHIdbRt Rire R ISR tREdurdrighNess

Ra of the main surface neasured by an atom c force mcroscope (AFM is

preferabl y @3 g Ofndifi. it b HBRSibILN 1bNB ARSI idistrdids damaget | o

di sk according to the 1nvention, surface roug Ra of the end face is

preferably Qh%rﬁ&er@étié@stﬁrai {’cng gléﬁé%'rra‘i tlehﬁg@tih ﬂf%ﬁxﬁnﬁgé‘t%?ﬁl%n
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another | &Y eiss Mg that ah"ERERY bEINGRAS O ald RFAEY arf TRAHdsifl k. AS

t he magneti c |l ayer, e to use a magneti c [ ayer

having a hi ghre AN ohE Y EBPIBHIS by BhE Balhet dBhBBhsato LMo i€ BPO! Nt

of
a value y of {12+tsIn(tan 8)+(49.1/t)} is the penetration length in the

uppermost-portion stress layer or less. In this case, the
compressive stress depth is preferably 50 um or more. In addition,
by performing chemical reinforcement by two-step ion exchange that
Li+ contained in the glass is replaced with Na+ in ion exchange as
the first step, and that Na+ is replaced with K+ in ion exchange as
the second step, it is possible to efficiently obtain the glass substrate
having the above-mentioned characteristics.

[0060] In the glass substrate for a magnetic disk according to the
invention, surface roughness Ra of the main surface measured by an
atomic force microscope (AFM) is preferably 0.3 nm or less.
Further, in the glass substrate for a magnetic disk according to the
invention, surface roughness Ra of the end face is preferably 0.2 ym
or less in a measurement length of 0.8 mm in the circumference
direction of the glass substrate. By this means, it is possible to
further enhance impact resistance.

[0061] A magnetic layer is provided on the glass substrate obtained

as described above directly or via another layer, and it is thereby



aimng at crystal orientation of the magnetic layer, and uniformty and
fine particles of grains, a backing |layer may be fornmed as appropriate

bet ween the gl ass substrate for a magnetic disk and the nmagnetic |ayer.
Furthernore, it is preferable to provide a protective |ayer on the nagnetic
| ayer to protect the magnetic layer. Stibly furthernore, it is preferable to
forma lubrication | ayer on the protective |ayer to relieve inpact froma
magneti ¢ head. [0062] Thus, in the glass substrate for a nagnetic disk

accordi ng t@oskiflel iy airidpite hhmagHBXi€SHisKe SAsede imaghetici aydie isusf ace
| ayer port?on (wth a depth of the order of about 1.5 Ji?)mfromy;érﬂlre Substrate

surface), rareferabléhafgasen 4 heosPteafioyalragnetiennagssi Haviid €as hl?ﬁd
tensile stress) in the depth direction inside the substrate are and

it is the_relé)ﬁlwﬁé%' agnERE! fielPacHkyesi Fuaier, (from exapiew &\Irfth%tfand' ng
accel erations of 1500G to 2000G for one thousandth of a second? hi gher than

currently regmingdat rHP2§fal 6ﬂéh¥éﬁéﬁeof [tA@6 31 ad ﬁé'l rn@ﬂd afpféemap! es
performed to clarify t fects of the inven anple) First, nelted

al um no si | iaeRf &jrtd %érti’@ésfef N§Fhing, té‘ebéﬁﬁﬁﬁg I‘éé/e@ Ak by firheed Bsess

usi ng an upper die, Tower die and barrel die, pl at e- shaped anor phous
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furthermore, it is preferable to form a lubrication layer on the
protective layer to relieve impact from a magnetic head.
[0062] Thus, in the glass substrate for a magnetic disk according to
the invention, the compressive stress is high in the surface layer
portion (with a depth of the order of about 1.5 um from the substrate
surface), rates of change in the stress values (compressive stress
and tensile stress) in the depth direction inside the substrate are
small, and it is thereby possible to meet impact resistance (for
example, withstanding accelerations of 1500G to 2000G for one
thousandth of a second) higher than currently required impact
resistance.
[0063] Described next are Examples performed to clarify the
effects of the invention.
(Example)

First, melted alumino silicate glass was formed in the shape
of a disk by direct press using an upper die, lower die and barrel die,
and plate-shaped amorphous glass was obtained. Next, both
main surfaces of the plate-shaped glass underwent lapping

processing, and a disk-shaped glass base material was obtained.



gl ass, main conponents were Si2: 70 percent by mass, Al1203: 10 percent by
mass., Li20 5 percent by mass, Na2O 7 percent by nmass, ZrQ2: 8 percent by
mass. [0064] Next, end faces of the glass substrate underwent

mrror-surface polishing by a brush polishing nethod. At this tinme, wused as
the polishing grains was slurry (free pobigshing grains) containing cerium
di oxi de polishing grains. Further, the inner <circunferential end portion
underwent mrror-surface polishing by a magnetic polishing nethod. Then,

the gl ass sypgly ahehsidimetith Was tenfad rar tiselr Easerpref i thiti iYa s ePa¥es
rinsed by water. By this neans, the diameter of the glass substrate was 65

mm - and them#iehrdir@éidgl ardisiiohd éueP- hABNa NERGRES th &p 84 Sl a9RSs @b SRrated.
[ 0065] Next, the both main surfaces of the obtained gl ass substrate

underwent | QR MbRIPEGSEIKNGS | Mnt BAJAIONE-iFEMié 008Ed! aRPhio silic@fe as
the mai n-surface polishing step, the first polishing step was applied. Used

as a pol i shiyhgs ARMInVES M ptfTdHE WeP&i JROPOVDSHERSNIBY AtassTNRNO L Mg Ol ass

substrate stbjected to the first polishing step was i mrersed sequentially

i n washi ng P%,@\K?n{ ngrﬁ%*s%‘.’,ei_i%(ﬁ.fs PerBehtiby nengend, 7pb'é?cé/|’?ttlﬁ%éﬁé%s pure

water (2), I sopropyl alcohol) and I PA (steamdry) and was 0066]

Then, the bgtﬁbzmgl ?e?éﬁrfta?)‘fﬁ’né’%s.t he obtained glass substrate underwent the
second polishing step to nish the main surfaces in mrror surface form

Used as a pgd)é)éh“j(jgg t }@g'{]oe 15684 urgrdi di%rllé’%]i S He Dﬁﬁfeir\ﬂéhttga”

t he cerium di oxi 2 pol I ng grains used e first polishing step.
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(1), used as the polishing grains was slurry (free polishing grains)
containing cerium dioxide polishing grains. Further, the inner
circumferential end portion underwent mirror-surface polishing by a
magnetic polishing method. Then, the glass substrate subjected to
the mirror-surface polishing step was rinsed by water. By this
means, the diameter of the glass substrate was 65 mm, and the
substrate for use in a 2.5-inch magnetic disk was prepared.
[0065] Next, the both main surfaces of the obtained glass substrate
underwent lapping processing as in the above-mentioned lapping.
Then, as the main-surface polishing step, the first polishing step was
applied. Used as a polishing agent were cerium dioxide polishing
grains. Then, the glass substrate subjected to the first polishing
step was immersed sequentially in washing tanks respectively of a
natural detergent, pure water (1), pure water (2), IPA (isopropyl
alcohol) and IPA (steam dry) and washed.
[0066] Then, the both main surfaces of the obtained glass
substrate underwent the second polishing step to finish the main

surfaces in mirror surface form. Used as a polishing agent were

cerium dioxide polishing grains finer than the cerium dioxide



natural detergent (2), pure water (1), pure water (2), |IPA (isopropyl

al cohol) and I PA (steamdry) and washed. In addition, ultrasonic waves were
applied to each washing tank. [0067] Next, the glass substrate subjected to
t he above-nentioned | apping steps and polishing steps underwent chem cal
reinforcenent. The chem cal reinforcement was perforned by preparing a
chem cal reinforcenent solution of a conposition that potassiumnitrate:
sodiumnitrate=8:2 in weight ratio, heating the chem cal reinforcenent

sol ution t opddRingarptaimsrarsédidnt tite Wastego s sy stgpst rahen| rthehglssd uti on
for about 4 hours. Thus, by imersing and treating in/with the chem cal

rei nforcenegubstrbté i 9objddtedons angl decohdnpalizhimg step awasl ayenerfed he
gl ass substrate were respectively replaced with Na ions and Kions in the

chenical resafoentiEBptin walshin@nanRdeishe ciivel ped 4 arursfl detergdmsd),
substrate was reinforced. At this point, the thickness of the conpressive

stress | ayehatwal deétergent [(2958LirSUsBter o1 }a,sguselbﬁétreatlgﬂ)‘.ﬂﬂm Wp?ﬁﬁyi na
e

09,
wat er tank of 20C for quergc?:i ng, and kept for about mnutes. T

quenched ghrphdlysid aPA l\g@ﬁeémwﬁ@dm wasKedt r aheddauionr ittrasbfidieat ed
to about 40C and washed. Further, the glass substrate subjected to

sul furic acihdvelse@aBréGpfed foraxddwartiedithakl y i n washing tanks
respectively of pure water (1), pure water (2), |IPA (isopropyl alcohol) and

| PA (steam EUO’é?]a“CF\IéB?@Hﬁ@-%I'a'%saédbéir@@e diBjEBRNItE tHaV8BovEEm@nRMdded to
each washi ng tank. 28 [0069] For thus prepared glass substrate for a

TRTE o Sl pst LSRRG, Aerirnded Lhermes) oM derdiaret of
The chemical reinforcement was performed by preparing a chemical
reinforcement solution of a composition that potassium nitrate:
sodium nitrate=8:2 in weight ratio, heating the chemical
reinforcement solution to 400°C, and immersing the washed glass
substrate in the solution for about 4 hours. Thus, by immersing and
treating in/with the chemical reinforcement solution, Li ions and Na
ions in the surface layer of the glass substrate were respectively
replaced with Na ions and K ions in the chemical reinforcement
solution, and the surface layer of the glass substrate was reinforced.
At this point, the thickness of the compressive stress layer was 114
um.

[0068] Such a glass substrate was immersed in a water tank of
20°C for quenching, and kept for about 10 minutes. The quenched
glass substrate was immersed in concentrated sulfuric acid heated to
about 40°C and washed. Further, the glass substrate subjected to
sulfuric acid cleaning was immersed sequentially in washing tanks
respectively of pure water (1), pure water (2), IPA (isopropyl alcohol)

and IPA (steam dry) and washed. In addition, ultrasonic waves

were applied to each washing tank.



| ayer penetration length) in an indentation was exam ned by pressing a

di anond quadrangul ar pyram d i ndenter of rhonbic transverse section with
vertex angles of 17230' and 130 against the main surface with a pressing
force of 100 g, the length was 45.3 pmand I|ess than 49.1 pm Further, the
section of the glass substrate for a magpetic di sk was neasured using the
Babi net conpensator nethod, and the stress profile was obtai ned as shown in
FIG 1. At this point, assumng that an angle between the nmain surface and

conpr essi ve[(J6%ss Aor thusapréepared/ ghdsd $dblst(dtantod)ar ddgaéti Jdiskswitha 8 pm
and nore than the uppernost-portion stress |layer penetration length. In

addi tion, teflcRnessaolv@. g3 (MntRINd (thetlh?ost otrsield &igsheteprofs6beafmyal ues
and stress depths obtained by the Babinet conpensator nmethod, and t is the

thi ckness ofyhiehte thebfdrigthe of the tlbingePOtiMgotal i(6pPeeAIB TSIt SFESS
value, P2 is a tensile stress value, L, is a conpressive stress depth, and

L2 is a tenmyed péhematioperRinythYiisan indémiaticH dss eXBpiihaldeby idressing
conpressive stress was high in the surface |layer portion (with a depth of

the order of abgmondl quidpdidUuTal heyRdtrd riddR ritef f 8F edhorABIL rirbASVEFs&hange
in the stress values (conpressive stress and tensile stress) were small in

the depth dbeg6hi Wit RArfiex tARgREOTr are 300 90° td@aigls?Sthes HRain at es
for a magnetic disk, inpact resSistance was eval uated by the Dana i npact

test met hodgygiaee W%Egﬁ%sjﬁg%rﬁéi of %@wgégge,slgbtgdh Whangs Ay -anki S

i npact test was perfor etting the g Strate for a magnetic

disk 29 | MALRMEARY JHPACE UL HRr RYI SLotiGPRINRIGNAY sBbAGaIBaRK Ul ses

in the perpendicular direction to the main surface condition of

900 G at 0. g4hAdtic FFHON AN h QUL uSAtRd Bhhet W0Hp&hshtor method,

and the stress profile was obtained as shown in FIG. 1. At this
point, assuming that an angle between the main surface and
compressive stress is 0, a value y of {12-teIn(tan 8)+(49.1/t)} was
53.8 uym, and more than the uppermost-portion stress layer
penetration length. In addition, tan 8 is a value {(P1+P2)/(L1+L2)}
calculated from stress values and stress depths obtained by the
Babinet compensator method, and t is the thickness of the substrate.
At this point, P4 is a compressive stress value, P; is a tensile stress
value, L is a compressive stress depth, and L, is a tensile stress
depth. Thus, in this glass substrate, the compressive stress was
high in the surface layer portion (with a depth of the order of about
1.5 um from the substrate surface), and rates of change in the stress
values (compressive stress and tensile stress) were small in the
depth direction inside the substrate.

[0070] For the glass substrates for a magnetic disk, impact
resistance was evaluated by the Dana impact test method using
AVEX-SM-110-MP (Air Brown Co., Ltd. Brand name). This impact

test was performed by setting the glass substrate for a magnetic disk



mllisecond, and exam ning a fracture status of the glass substrate for a
magnetic disk. As a result, any fracture did not occur in the glass
substrate under any of the conditions. [0071 ] (Conparative Exanple) d ass
substrates for a magnetic disk were prepared as in the Exanple except that
chem cal reinforcenent was perfornmed undeg followi ng conditions. The

chem cal reinforcenent was perforned by preparing a chem cal reinforcenent
solution of a conposition that potassiumnitrate: sodiumnitrate=5:5 in

wei ght ratiig, ah®sdicaged henpadterdst ale viebNfappigimhasosild 8RotR Pdiees iand
imersing the washed gl ass substrate in the solution for about 2 hours. At

this pointthet Berpbhaldigap difedtittn 8NN praivesifagesuhakera \WhdifloAndf
[0072] For thus prepared glass substrate for a magnetic disk with a

thi ckness od0@. B33 roandlillisecomst afdt HridgheragBhaitioh 6P THDOGWHN 1t he
| ength of the |onger diagonal (uppernost-portion stress |ayer penetration

l'ength) in miisedendatamd ayesmeiAg Beflabyul e3aiuyd oftihe ¢l a8yl sstpsliteangul ar
pyram d i ndenter of rhonbic transverse section with vertex angles of 17230

and 130 agafigtsy hagneRicdiskr f ageawddulg Bhgsﬁbemﬁéﬂdw dt 4e6ud.intfh | ength
was 49.4 pmand |ess than 49.1 pm [0073] For the glass substrates for a

magneti c d!él'&ssv‘é‘l%‘stirHP@Qltnderre&i\?b@ﬁﬁ@,c‘,’&?ri;di?i\fﬁﬁ's‘.lat ed as in th? EXan e, any
fracture did not occur under the condition of 900 Gat 0.2 mllisecond, but

fractures SlQ)O-p@curred in some substrates under the condition of 1500 G at 1
m | lisecond. [0074]

(Comparative Example)

Glass substrates for a magnetic disk were prepared as in the
Example except that chemical reinforcement was performed under
following conditions. The chemical reinforcement was performed by
preparing a chemical reinforcement solution of a composition that
potassium nitrate: sodium nitrate=5:5 in weight ratio, heating the
chemical reinforcement solution to 340°C, and immersing the
washed glass substrate in the solution for about 2 hours. At this
point, the thickness of the compressive stress layer was 80 pym.
[0072] For thus prepared glass substrate for a magnetic disk with a
thickness of 0. 635 mm and the most outside diameter of 65 mm,
when the length of the longer diagonal (uppermost-portion stress
layer penetration length) in an indentation was examined by pressing
the diamond quadrangular pyramid indenter of rhombic transverse
section with vertex angles of 172°30° and 130° against the main
surface with a pressing force of 100 g, the length was 49.4 ym and
less than 49.1 ym.

[0073] For the glass substrates for a magnetic disk, when impact
resistance was evaluated as in the Example, any fracture did not

occur under the condition of 900 G at 0.2 millisecond, but fractures



(Enbodi nrent 2) In the nethod of manufacturing the glass substrate for a
magnetic disk in this Enbodi nent, there are four aspects i.e. manufacturing
met hod 1, manufacturing nethod 2, manufacturing nmethod 3 and manufacturing
met hod 4 as described below. [0075] [Manufacturing nmethod 1 of the glass
substrate for a magnetic disk] Mnufacturing nethod 1 of the gl ass
substrate for a magnetic disk of this Efdbdi ment is a manufacturing nethod
of a glass substrate for a magnetic disk including a chem cal reinforcenent
treatnment step of imersing a di sk-shaped gl ass substrate with a circular
hol e formedcaurred irerncanepsubptiates undaenthealcansitipor 0&ntd00 & et dent

sol ution, causing ion exchange for replacing relatively snmall ions
cont ai ned imiltisecendf ace of the gl ass substrate with relatively large ions
contained in the chem cal reinforcenent treatnent solution, and thereby
creating a[00f@jessive stress layer in the surface of the glass substrate,
and is characterized in that the chemcal reinforcenent treatnent is
performed E&rhbatimede9rmati on amount of the circular hole formed at the
center portion of the disk-shaped glass substrate is within 0.05% of the

diameter of the |ai kel Aethelde ofaithhliRictliAfgt 'tﬁésgﬁéﬁ sibsipate o bhe
di sk-shaped gl ass substrate is 98 N or nore. [0076] In manufacturing nethod

1 of this EhgdefRntdisRach tﬁisSkEﬁ{b%Qﬁﬂ}éHtasﬁméﬂébsif@_tR)dl‘ tdsFedtsr G ar hol e

formed at its center 31 portion is subjected to chem cal reinforcement
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thereby method 3 and manufacturing method 4 as described below.
[0075]
[Manufacturing method 1 of the glass substrate for a magnetic disk]
Manufacturing method 1 of the glass substrate for a magnetic
disk of this Embodiment is a manufacturing method of a glass
substrate for a magnetic disk including a chemical reinforcement
treatment step of immersing a disk-shaped glass substrate with a
circular hole formed at its center portion in a chemical reinforcement
treatment solution, causing ion exchange for replacing relatively
small ions contained in the surface of the glass substrate with
relatively large ions contained in the chemical reinforcement
treatment solution, and thereby creating a compressive stress layer
in the surface of the glass substrate, and is characterized in that the
chemical reinforcement treatment is performed so that a deformation
amount of the circular hole formed at the center portion of the
disk-shaped glass substrate is within 0.05% of the diameter of the
circular hole, and that the transverse strength of the disk-shaped
glass substrate is 98 N or more.
[0076] In manufacturing method 1 of this Embodiment, each

disk-shaped glass substrate with a circular hole formed at its center



manuf actured. [0077] Then, when the chem cal reinforcenent treatnent is
performed, chem cal reinforcenment conditions are selected so that a

def ormati on anmount of the circular hole forned at the center portion of the
di sk-shaped gl ass substrate is within 0.05% of the dianmeter of the circular
hol e, and that the transverse strength of the di sk-shaped glass substrate
is 98 N or nore. [0078] Wen the deformtdilon anount of the circular hole is
within 0.05%of the dianeter of the circular hole, it is possible to
prevent a msalignnment fromoccurring between a recording reproduction

track positportioseis subjduteduignehemidat kemfdreemenddregtment dducreatingr ack
position on which a magnetic head runs, and to obtain glass substrates

supporting ki WompledsiOe etraslsi Igyéndh HmagRser stibstlate Shefadrf Qyrabhon
anount of the circular hole is preferably wthin 0.025% of the dianeter of

the circul are)JHHa‘?}_gbel[,OQr?@]th'éU@lé% subserateBefdr anpveneticSHISK a8 ther8ByN or

nore, it is possible to prevent distortion fromocCcurring in the glass
substrate inqghg%b&up d disk drive. The transverse strength is preferably
118 N or nore. ile, the upper limit is not limted particularly, but

i's normal | y;?@?‘?&t 1480 | yRAH! ttbggacﬁ&'ﬁié@t Frgagggzirc W2 kRRnt s

transverse rength will be déescr [ater. nuf acturing nethod 2
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that when of the disk-shaped glass substrate is within 0.05% of the diameter of
the circular hole, and that the transverse strength of the disk-shaped
glass substrate is 98 N or more.
[0078] When the deformation amount of the circular hole is within
0.05% of the diameter of the circular hole, it is possible to prevent a
misalignment from occurring between a recording reproduction track
position set on the magnetic disk and a recoding reproduction track
position on which a magnetic head runs, and to obtain glass
substrates supporting high TPl (100 gigabits/inch square or more).
The deformation amount of the circular hole is preferably within
0.025% of the diameter of the circular hole.
[0079] Further, when the transverse strength is 98 N or more, it is
possible to prevent distortion from occurring in the glass substrate
inside a hard disk drive. The transverse strength is preferably 118
N or more. Meanwhile, the upper limit is not limited particularly, but
is normally about 147 N. In addition, the method of measuring the
transverse strength will be described later.
[0080]
[Manufacturing method 2 of the glass substrate for a magnetic disk]

Manufacturing method 2 of the glass substrate for a magnetic



di aneters of circular holes of 500 to 1000 gl ass substrates that are
arbitrarily selected are neasured, the dianmeter of the circular hol e of
each of the glass substrates is within the range of 5x10"4xA relative to

t he average dianeter A of the circular holes of the glass substrates, the
transverse strength of each gl ass substraé is 98 N or nore, and that
control is thus perforned. [0081] In manufacturing nmethod 2 of this

Enbodi ment, when the dianmeter of the circular hole of each gl ass substrate

deviates frogyskt hggr gtpgse Cﬁm% bRt 1Rl abi VPnér%f‘a'&?uﬁHﬁr a8 tAbAMELH P efy
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substrates supporting high |gab|t square or nore and the
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[0081] In manufacturing method 2 of this Embodiment, when the
diameter of the circular hole of each glass substrate deviates from
the range of +5x10*xA relative to the average diameter A of the
circular holes of 500 to 1000 glass substrates that are arbitrarily
selected, a misalignment occurs between a recording reproduction
track position set on the magnetic disk and a recoding reproduction
track position on which a magnetic head runs, it becomes hard to
obtain glass substrates supporting high TPl (100 gigabits/inch
square or more), and the object of the invention is not attained.
The diameter of the circular hole of each of the glass substrates is
preferably within the range of +2x10™*xA relative to the average
circular-hole diameter A.

[0082] In manufacturing method 2 of this Embodiment, the obtained
glass substrates for a magnetic disk are 2.5-inch substrates, and
the diameter of the circular hole of each of the glass substrates is
preferably within Ax10 ym, and more preferably within A+5 ym.
[0083] Further, the transverse strength of the obtained glass

substrate for a magnetic disk is required to be 98 N or more. When



118 N or nore. Meanwhile, the upper limt is not |imted particularly, but
is normal ly about 147 N. [0084] [Manufacturing nmethod 3 of the gl ass
substrate for a magnetic disk] Mnufacturing nmethod 3 of the gl ass
substrate for a magnetic disk of the invention is a manufacturing nmethod of
a glass substrate for a magnetic disk ingtuding a chem cal reinforcenent
treatnent step of inmmersing a disk-shaped gl ass substrate with a circul ar
hole forned at its center portion in a chem cal reinforcenent treatnent

sol ution, cahg ﬂ@ds@'@rgécé”taélgﬁtﬁ o5 16eplthahngs Neldbtorelon tadd tb Wcur in
contained in the surface of the glass substrate with relatively large ions

cont ai ned i ntH Qg8 EtraRI Mih SideeZe htard M givkmeRiveS Cad | iz odjéct idfetrrdy
creating a conpressive stress layer in the surface of the glass substrate,

and is chargghemnitierd is méhalchiéeeghem TiRé trafsVEPSS esBhgtH a8t prsferably
performed by selecting a glass material of the disk-shaped glass substrate

and treat men{1gMN@rimers. ofMeaawHi ReNih&lL pper NfreitGemat likdieal particirarlylat a
def ormati on amount of the circular hole Tornmed at the center portion of the

di sk-shaped p@ asRofRSK #bSut $4% Khin 0.05% of the dianeter of the circular
hole, and that the transverse strength of the glass substrate for a

magneti c di sﬂgdgsgf]% N or nore. [0085] In manufacturing nmethod 3 of this
Enbodi ment, as in manufacturing nethod 1 described above, each di sk-shaped

gl ass SUbSt[rl\ﬁéﬁuféétPri‘r?ﬂnngé%Hba% iR ef l%@%ds@l?sfrh% ?Sﬂb%ag‘?fétiéﬂié 34

subj ected to chem ca nforcenent treatnent for creating conpressi ve

b 2L o ! MRS AR SR Wb TR e ot oo
disk of the invention is a manufacturing method of a glass substrate
for a magnetic disk including a chemical reinforcement treatment
step of immersing a disk-shaped glass substrate with a circular hole
formed at its center portion in a chemical reinforcement treatment
solution, causing ion exchange for replacing relatively small ions
contained in the surface of the glass substrate with relatively large
ions contained in the chemical reinforcement treatment solution, and
thereby creating a compressive stress layer in the surface of the
glass substrate, and is characterized in that the chemical
reinforcement treatment is performed by selecting a glass material of
the disk-shaped glass substrate and treatment conditions of the
chemical reinforcement treatment so that a deformation amount of
the circular hole formed at the center portion of the disk-shaped
glass substrate is within 0.05% of the diameter of the circular hole,
and that the transverse strength of the glass substrate for a
magnetic disk is 98 N or more.

[0085] In manufacturing method 3 of this Embodiment, as in
manufacturing method 1 described above, each disk-shaped glass

substrate with a circular hole formed at its center portion is



manuf actured. [0086] Then, when the chem cal reinforcenent treatnent is
performed, chem cal reinforcenent conditions of the chem cal reinforcenent
treatment are selected so that the deformation anount of the circular hole
formed at the center portion of the disk-shaped glass substrate is within
0.05% of the dianmeter of the circular holsg, and that the transverse
strength of the di sk-shaped gl ass substrate is 98 N or nore. [0087] The
def ormati on anmount of the circular hole is required to be within 0.05% of

the di amet erg (fjeby Cité CWHRIMNAIS fePhidrB&nfeiie tre@dm@htasSiorn dreByirRrFt |ri ng
met hod 1 described above, and is preferably within 0.025% Further, the

transverse %drﬁﬂﬂig\sibﬁog'i%ﬂigg Fgg(i{?eg‘f@ Hlads NSt ate t%lgrlfééﬁﬁ byeasAn as

i n manufacturing net above; and iIs prefer 118°N or nore.
Meanwhi | e, téafc hiithd §14€Y shibtifdsPairt hcmlbagiletic Bk lateNYaTRbYY
about 147 N. [008 ’%Manufa taﬂérgl ng rretﬂog 4 o? thg gl ass substrate ng a
magneti c di skhnubdtuiagt uring method 4 of the glass substrate for a magnetic
di sk of the invention Is a manufacturing nethod of a glass substrate for a
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i mmer sing a di sk-sha gl ass substrate with a circular hole Tfornmed at its
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layer in th%fsﬂ{ef %‘ﬁ%u%r th%Gfe formed at the center portion of the disk-shaped
glass substrate is within 0.05% of the diameter of the circular hole,
and that the transverse strength of the disk-shaped glass substrate
is 98 N or more.
[0087] The deformation amount of the circular hole is required to
be within 0.05% of the diameter of the circular hole for the same
reason as in manufacturing method 1 described above, and is
preferably within 0.025%. Further, the transverse strength is
required to be 98 N or more for the same reason as in manufacturing
method 1 described above, and is preferably 118 N or more.
Meanwhile, the upper limit is not limited particularly, but is normally
about 147 N.
[0088]
[Manufacturing method 4 of the glass substrate for a magnetic disk]
Manufacturing method 4 of the glass substrate for a magnetic
disk of the invention is a manufacturing method of a glass substrate
for a magnetic disk including a chemical reinforcement treatment
step of immersing a disk-shaped glass substrate with a circular hole

formed at its center portion in a chemical reinforcement treatment

solution, causing ion exchange for replacing relatively small ions



gl ass substrate, and is characterized in that a deformati on anmount due to
the chem cal reinforcenent treatnent of the circular hole fornmed at the
center portion of the disk-shaped glass substrate is beforehand grasped for
each glass, a glass material is selected so that the deformation anount is
wi thin 0.05% of the dianmeter of the CII‘%UDJ ar hole, and that the transverse
strength of the disk-shaped glass substrate due to the chem cal
reinforcenent treatnment is 98 N or nore, the selected glass material is

processed i . fhtsind @il 11 sl fradd Be G BidKs @%%ttaefw.me ofitiVel GEEEST |
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ther by %Lqi?a&%?@%'?gfe‘ooéﬁﬁ e Rt RE bR é?ﬁ?ﬁqﬁ%ﬁ%h%m%h
rei nf or ceneftud i Qat Phs?nh'?ﬁﬂe{q‘?ﬁ&arp& Wi SrTaeGt ofF tRE GURDL 'wd?t. on
the. gl ass miPETRG o< EocBlNEl U TRRETT G dir i Sh O/ansLsKorEats LA n
St rengt h E,Pehq%?%ﬁéﬁrsﬁéep%{‘eecb‘%'aé‘;e“as?rbé?é"aﬁeeadgEasE%%%er ICREICER SO
brocessed | Ahat dRer GEIRMIAPE FMOUL BN D% bt ametaicotaheer
portion, andcirt'chuela(r:hhe(;rlie?agncrie’ithnaftortr?eerrt?gtns%?gé rrse’trr]énégtsh of the disk-shaped
glass substrate due to the chemical reinforcement treatment is 98 N
or more, the selected glass material is processed in disk form, while
the circular hole is formed at the center portion, and the chemical
reinforcement treatment is performed.
[0089] In manufacturing method 4 of this Embodiment, as in
manufacturing method 1 described above, each disk-shaped glass
substrate with a circular hole formed at its center portion is
subjected to chemical reinforcement treatment for creating a
compressive stress layer in the glass substrate surface by ion
exchange, and the glass substrates for a magnetic disk are thereby
manufactured.
[0090] Then, when the chemical reinforcement treatment is
performed, the deformation amount due to the chemical
reinforcement treatment of the circular hole formed at the center
portion of the disk-shaped glass substrate is beforehand grasped for
each glass, the glass material is selected so that the deformation

amount is within 0.05% of the diameter of the circular hole, and that

the transverse strength of the disk-shaped glass substrate due to the



performed. [0091] The deformation amount of the circular hole is required to
be within 0.05%of the dianmeter of the circular hole for the sane reason as
i n manufacturing nmethod 1 described above, and is preferably within 0.025%
Further, the transverse strength is required to be 98 N or nore for the
same reason as in manufacturing nethod L gescribed above, and is preferably
118 N or nore. Meanwhile, the upper limt is not limted particularly, but
is normally about 147 N. [0092] (dass for chemcal reinforcenment) In

manuf act ur i %émthM%lﬁforéeﬁ{%ﬂr@Etr‘n@%t%aﬁ’ﬁNSBP%dS?é ethd Qél@ct@ﬁ%@l%tsisc di sk
as described above, the same glass as in Enbodiment 1 can be used as gl ass
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with a circular hole "formed at the center portion. (Chem cal
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t reat ment |s perforrred ere di sk-shaped ass substrates each wth
circul ar gRd at its center portion are imersed in a chen cal
rei nforcene t treat ment solution, relatively small ions contained in the
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gl ass substr , and glass substra ghetic disk are er eby
manufactureqeason as in manufacturing method 1 described above, and is

preferably within 0.025%. Further, the transverse strength is
required to be 98 N or more for the same reason as in manufacturing
method 1 described above, and is preferably 118 N or more.
Meanwhile, the upper limit is not limited particularly, but is normally
about 147 N.

[0092]

(Glass for chemical reinforcement)

In manufacturing methods 1, 3 and 4 of the glass substrate
for a magnetic disk as described above, the same glass as in
Embodiment 1 can be used as glass for chemical reinforcement
constituting the disk-shaped glass substrate with a circular hole
formed at the center portion.

[0093]
(Chemical reinforcement treatment)

In the invention, the chemical reinforcement treatment is
performed where disk-shaped glass substrates each with a circular
hole formed at its center portion are immersed in a chemical
reinforcement treatment solution, relatively small ions contained in
the surface of each glass substrate are replaced in ion exchange

with relatively large ions contained in the chemical reinforcement



[ 0094] When the chem cal reinforcenent treatnent is perforned, as described
previously, in manufacturing nmethod 1, chem cal reinforcenent treatnent
conditions are selected so that the deformation amount of the circular hole
formed at the center portion of the disk-shaped gl ass substrate is within
0.05% of the diameter of the circular hoje, and that the transverse
strength of the di sk-shaped glass substrate is 98 N or nore. In

manuf acturing method 3, the glass nmaterial of the disk-shaped gl ass

substrate andestmehtadlolutiehnfaeidc anesingreesiveeRtrasiti e ons cregteklieahed so
that the defornmation anpbunt of the circular hole forned at the center
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of the circular hole, and that the transverse strength of the disk-shaped
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[ 0095] The reinforcenent treatment Is not particu
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a treatnent
glass substrate is 98 N or more. In manufacturing method 3, the

glass material of the disk-shaped glass substrate and chemical
reinforcement treatment conditions are selected so that the
deformation amount of the circular hole formed at the center portion
of the disk-shaped glass substrate is within 0.05% of the diameter of
the circular hole, and that the transverse strength of the disk-shaped
glass substrate is 98 N or more. In manufacturing method 4, a
deformation amount due to the chemical reinforcement treatment of
the circular hole formed at the center portion of the disk-shaped
glass substrate is beforehand grasped for each glass, a glass
material is selected so that the deformation is within 0.05% of the
diameter of the circular hole, and that the transverse strength of the
disk-shaped glass substrate due to the chemical reinforcement
treatment is 98 N or more, the selected glass material is processed
in disk form, while the circular hole is formed at the center portion,
and the chemical reinforcement treatment is performed.

[0095] The chemical reinforcement treatment is not particularly

limited, and is capable of being carried out by conventional publicly



and/or Kions. It is inportant to performthis treatnent at tenperatures
| ower than the deformation point of the glass at which the nelting salt
does not deconpose. The treatnment is nornmally performed at tenperatures
rangi ng from 350C to 420C, preferably from 360C to 380C for 1 to 12 hours,
preferably for 2 to 6 hours. As the treatgrent bath containing Na ions
and/or Kions, used preferably is a treatnent bath containing sodi um
nitrate and/or potassiumnitrate, but not limted to nitrates, sulfates,

bi sul f at es, knoawtomaétiroddyi clarbasmed@ple habubpsctitay ke diskdshiped tdlass
treatnment bath contains Na ions, the Na ions are replaced with Li ions in

the gl ass i mubmtrabec fangedentical hreinfoMemdritewitteal khitluldathole clorhea disatK
ions, the Kions are replaced with Li ions and Na ions in the glass in ion

exchange. Futd eenter éo ide déxctaingatinbat treatardrati batiNacd mtasniaed Na iions, the
Na ions and Kions are respectively replaced with Li ions and Na ions in

the glass imrdiarexchpnge. Byt (i enportagxchangrféfe ahkal treaim@nti aits in
the glass surface layer portion are replaced with alkali metal ions with a

| arger ion nragiperatuids |6RBPItESHI Hee Ydfesmatthoint bOtRBAgIadst BE viHighs
surface layer portion, and the glass is chemcally reinforced. As described

above, singRet Rfelghgssaftubdlesandtf gecerpisdl Miaftpsserenat ivsadrmaliyhe
i nvention has excellent ion exchange performance, the conpressive stress

llayer fornmeqdiyotRBdeXC hemperhfudlePanging Hb%%@*@%snoe\cg%eg@fﬁwl ly
fromabout 10 pmto 150 pm and preferably from 50 pmto 120 pm 39 “[0096]

e Lons SIS GG A6 2 HOR Bt B,

at the centefs pd | QRabhehfebdtskcaRepipthg! ARS ions and/or K ions, used
preferably is a treatment bath containing sodium nitrate and/or
potassium nitrate, but not limited to nitrates, sulfates, bisulfates,
carbonates, bicarbonates, halides may be used. When the
treatment bath contains Na ions, the Na ions are replaced with Li
ions in the glass in ion exchange. Further, when the treatment bath
contains K ions, the K ions are replaced with Li ions and Na ions in
the glass in ion exchange. Furthermore, the treatment bath
contains Na ions and K ions, the Na ions and K ions are respectively
replaced with Li ions and Na ions in the glass in ion exchange. By
this ion exchange, the alkali metal ions in the glass surface layer
portion are replaced with alkali metal ions with a larger ion radius,
the compressive stress layer is formed in the glass surface layer
portion, and the glass is chemically reinforced. As described above,
since the glass substrate for chemical reinforcement used in the
invention has excellent ion exchange performance, the compressive
stress layer formed by ion exchange is deep, and the thickness
ranges generally from about 10 ym to 150 ym, and preferably from

50 ym to 120 um.



substrate is wthin 0.05% and preferably within 0.025% the transverse
strength of the di sk-shaped gl ass substrate is 98 N or nore, and preferably
118 N or nore, and the upper limt is about 147 N. [0097] Further, when

di aneters of circular holes are neasured in 500 to 1000 gl ass substrates
that are arbitrarily selected fromthe gass substrates for a magnetic disk
subjected to the above-nentioned chem cal reinforcenent treatnent, the
dianeter of the circular hole of each of the glass substrates is within the
range of 5j}0096%A hetla¢ iglass sulistratefega disgredtés disofobithined houkachhol es
of the glass substrates, and is preferably within the range of 2.5x10-4xA.
[0098] The @ abhensicastredtfortementnt@atihentdithle deformgationhamuwoteof ithe i s
capabl e of supporting disks that a track density of information to record

is at |east cliifirgr gedlet forirhed Fatr tiherceritee gbetson cfutisd rdisk-Shaped nglgest i c
di sk is capable of supporting a perpendicular nmagnetic recording system

[0099] The magwttate disskwthihhed.089entareh préfera®lglewithipedo o289, the
[ Magneti c di sk] The nagnetic disk of the invention is characterized by

having at lteassversengiirgthr 8¢ thd @dsk-ayeipeah glhssssubsgatofist b8 N or
magneti c-di sk gl ass substrate obtained by any one of manufacturing nethods

1 to 4 as denerébgadpirererislyy118 NL@PImdhe, aRengld apPesHireit isheboumvenyi on is
capabl e of being 40 nmanufactured by successively applying generally a

backi ng |l ayey, mnagnetic recording |ayer, protective |ayer and |ubrication
| ayer on the magnetic-di sk gl ass substrate obtai ned by the manufacturing

[0097] Further, when diameters of circular holes are measured in
500 to 1000 glass substrates that are arbitrarily selected from the
glass substrates for a magnetic disk subjected to the
above-mentioned chemical reinforcement treatment, the diameter of
the circular hole of each of the glass substrates is within the range
of +5x107*xA relative to the average diameter A of the circular holes
of the glass substrates, and is preferably within the range of
+2.5x10™*xA.

[0098] The glass substrate for a magnetic disk having such
properties is capable of supporting disks that a track density of
information to record is at least 100-gigabit TPI. Further, the glass
substrate for a magnetic disk is capable of supporting a
perpendicular magnetic recording system.

[0099] The magnetic disk of the invention will be described below.
[Magnetic disk]

The magnetic disk of the invention is characterized by having
at least a magnetic recording layer on the surface of the
magnetic-disk glass substrate obtained by any one of manufacturing
methods 1 to 4 as described previously.

[0100] The magnetic disk of the invention is capable of being



met hod of the invention. [0101] The magnetic recording layer is not limted
particularly, but preferable exanples are nagnetic recording |ayers of
Co-Cr series, Co-C-Pt series, Co-Ni-Cr series, Co-N -Pt series,
Co-Ni-Cr-Pt series, and Co-Cr-Ta series. Applicable as the backing |ayer
are a N layer, N -P layer, C |ayer, ety A carbon filmand the |ike can
be used as the protective layer, and to formthe lubrication layer, it is
possible to wuse a lubricant of perfluoropolyether, etc. [0102] The gl ass

substrate fonanufegoetdcbyi skcobssivedyl dyphlyieg gehbeallyfatbeckimgenayen is
particularly suitable for magnetic recording nmedia in the perpendicul ar
magneti c reenaghsticsyst@ding Amyerf iprotettivet layerobntihubricanigd h clayeroodi ng
| ayer in magnetic recording nedia in the perpendicul ar magnetic recordi ng

system suithebineagetipldiskaytass ssutgdteateyebtainéd biyetket hreamefiaeendngul ar
magnetic recording layer is forned on the glass substrate for a magnetic

di sk, a tworheitesd of ltheviheeatiansoft magnetic | ayer and nagnetic recording
| ayer are successively lam nated, and a three-layer filmwhere a hard

nmagnetic | ayeno1$of Theagizrinetid ayeording |agniet het Neared particyiarlyaait
successively lamnated. Anong the filns, the two-layer filmand three-I|ayer

filmare suigrapbeafler exasiplyifre mMegmede reeo®ddda gens iof YCarOr Rirfgsi ni ng
stability of nmgnetic nonent, and nore preferable than the single-I|ayer

film [010go{ExmMmeatds 4o-NNeCr s¥ABE! Tb-NilPt BBFiesSBSINiLCAlPYsbRes,
descri bed bel ow usi ng Exanples, but the invention is not limted to the

E)c(ggrrjljiefmgai oaEHd Cd-Tr-Pdddried, ApPIRidHIesas fheasdciingnalye rvsrieea TRy d
Ni-P layer, Cr layer, etc. A carbon film and the like can be used as
the protective layer, and to form the lubrication layer, it is possible to
use a lubricant of perfluoropolyether, etc.

[0102] The glass substrate for a magnetic disk obtained by the
method of the invention is particularly suitable for magnetic
recording media in the perpendicular magnetic recording system.
As a film structure of the magnetic recording layer in magnetic
recording media in the perpendicular magnetic recording system,
suitable examples are a single-layer film where the perpendicular
magnetic recording layer is formed on the glass substrate for a
magnetic disk, a two-layer film where a soft magnetic layer and
magnetic recording layer are successively laminated, and a
three-layer film where a hard magnetic layer, soft magnetic layer and
magnetic recording layer are successively laminated. Among the
films, the two-layer film and three-layer film are suitable for
achieving the high recording density and maintaining stability of
magnetic moment, and more preferable than the single-layer film.
[0103]

(Examples)



met hods as descri bed bel ow. [0104] <d ass for chem cal reinforcenent> (1)
G ass transition tenperature (Tg) and yielding point (Ts) Measurenent was
made at a rate of tenperature increase of 4C/ mn. using a thernomechani cal
anal ysi s apparatus. (2) Average coefficient a of linear thernmal expansion
The average coefficient a of linear thernmal expansion at 100C to 300C was
nmeasured concurrently with neasurenment of the glass transition tenperature.
(3) Specific gravity Measurenent was performed on sanples of 40 mm x 20 mm X
15 mm by Archi nedddie ime¢dwtion (Wil Redneaspecididalbebel ddscebadAbelive usinger
[ vd] Measurenent was perfornmed on the glass cooled at a rate of tenperature
decrease of EXHinpbtas,hibut the Ivédloarid bt [Hmetad &b thedbsamipleseadt alhs rmasur ed
on polished sanples wth a thickness of 10 mm A80 was obtained as a
wavel engt h (@dditioat pviopdrtielsein ressh Exampde | weBdYneaslirdd wasooding fed as a
wavel ength (nm at which the transmttance is 5% [0105] <d ass substrate
for a magnetmethbdkasSéesctiedd ddloww.arily were 500 gl ass substrates for a
magnetic 42 disk, the dianeter of the circular hole of each of the glass
substrates [@Qd84jreasured by the followi ng nethod, and the average dianeter A
of the circular hole was neasured.
<Glass for chemical reinforcement>
(1) Glass transition temperature (Tg) and yielding point (Ts)
Measurement was made at a rate of temperature increase of
4°C/min. using a thermomechanical analysis apparatus.
(2) Average coefficient a of linear thermal expansion
The average coefficient a of linear thermal expansion at
100°C to 300°C was measured concurrently with measurement of the
glass transition temperature.
(3) Specific gravity
Measurement was performed on samples of 40 mm x 20 mm x
15 mm by Archimedes’ method.
(4) Refractive index [nd] and Abbe’s number [vd]
Measurement was performed on the glass cooled at a rate of
temperature decrease of 30°C per hour.
(5) A80 and A5
Spectral transmittance was measured on polished samples
with a thickness of 10 mm, A80 was obtained as a wavelength (nm)
at which the transmittance is 80%, and A5 was obtained as a
wavelength (nm) at which the transmittance is 5%.
[0105]
<Glass substrate for a magnetic disk>

Selected arbitrarily were 500 glass substrates for a magnetic



[0106] The dianeter (inside diameter) of the circular hole of the glass
substrate was neasured using the inside dianeter neasurenent apparatus as
shown in FIG 3. This inside dianeter neasurenent apparatus wll be

descri bed below. [0107] FIG 3 is a perspective view of a |aser displacenent
meter 100 common to all the enbodi nents 4gf the inside dianeter neasurenent
apparatus of the glass substrate according to the invention. The |aser

di spl acenent nmeter 100 includes a line laser light source 110 for emtting
| ine | aser MHigk} tteg diamlatae dfitblet ciraulasubsler af eakbl afethed §la s osubgbpatesi ng a
gl ass substrate 200 with a circular hole 210 fornmed at the center, a hol der
lifting/| owavasignepsutedrbylfiVe ffoflowihgi mgthaod, aodethen@verageubmaeater Aol der
130 so that the line laser 112 is passed through the circular hole 210 of

t he gl ass <sfltdier eireuZdthole Waghtheasueedi ng portion 120 for receiving the
passed line laser 112 during lifting and | owering, an inside dianeter
measuri ng pqotoéh 1%hef diametsuringdehdiamsterg df ahet eircalart hwlecof dhear
hol e 210 based on the line laser 112 received in the light receiving
portion 120,glapd asobsteitte ®&d f aneasaredg asmgir ahe y insidegl agiamsetest r at es
200. [0108] Then, the holder lifting/lowering portion 140 lifts and | owers

the gl ass suhetsatem20@. agperdtuseakasieowhlih iIFIG N3t t ethisoinside diameter
lifted/l owered glass substrate 200. At this point, the light receiving

portion 120 measuremehnhe gharaans avitf bé ke suritsad delbwl e 210 based on the
received line |aser 112. Then, anong neasured di stances, the 43 maxi num

R S way, | Tho | nei do G amtor ol The Grass " SUbSL are 200 S measareq. |
100 common to all the embodiments of the inside diameter
measurement apparatus of the glass substrate according to the
invention. The laser displacement meter 100 includes a line laser
light source 110 for emitting line laser 112 that is line light, a
substrate holder 130 for supporting a glass substrate 200 with a
circular hole 210 formed at the center, a holder lifting/lowering
portion 140 for lifting and lowering the substrate holder 130 so that
the line laser 112 is passed through the circular hole 210 of the glass
substrate 200, a light receiving portion 120 for receiving the passed
line laser 112 during lifting and lowering, an inside diameter
measuring portion 150 for measuring the inside diameter of the
circular hole 210 based on the line laser 112 received in the light
receiving portion 120, and a cassette 160 for storing a plurality of
glass substrates 200.

[0108] Then, the holder lifting/lowering portion 140 lifts and lowers
the glass substrate 200. The line laser 112 is emitted to the
lifted/lowered glass substrate 200. At this point, the light receiving
portion 120 measures the distance of the circular hole 210 based on

the received line laser 112. Then, among measured distances, the



[0109] (7) Transverse strength of the glass substrate The transverse
strength of the glass substrate was neasured using a transverse strength
tester (SH MAZU Auto Graph DDS-2000) as shown in FIG 4. Mre specifically,
| oads were added onto the glass substrate, and the transverse strength was
obtained as a | oad when the gl ass substrsed e was broken. [0110] (8)

Thi ckness of the conpressive stress |ayer The section of the glass substrate
for a magnetic disk was polished, and the thickness of the conpressive
stress | ayermagimuneasalued isisiegpralgubl as | thet iionide cdiaseetsr. of Otlid ] glaBsanpl es
1 to 6 and Conparative Exanple |I Using quartzite powder, alum num hydroxi de,
al um na, |itdubhstratear®@dat e nsdbisurwayy bibveat insig@t déainetec aobotiee eglass
magnesi um carbonate, cal ci um carbonate, zirconium dioxide, ion oxide, etc.
to obtain thubsirate200npavienisomeds shown in Table 1, a m xture of about 2
kg was prepared, nelted and clarified in a platinumpot at 1450C to 1550C,
cast in an i[0d@9di e and anneal ed, and glass for chem cal reinforcenent was
t hus prepared. The physical properties are shown in Table 1. [0112] Next,
usi ng each (l7ass flmansvenseatremgthl of thewtbsasubdtsatel bed above, prepared
wer e 150 doughnut -shaped 2.5-inch disk 44 shaped gl ass substrates each

havi ng a circul ar Tie erandvesedstremigéh ofothe?@lavs atubisteateemasr memmieti ¢

descriptions are given below. [0113]

using a transverse strength tester (SHIMAZU Auto Graph DDS-2000)
as shown in FIG. 4. More specifically, loads were added onto the
glass substrate, and the transverse strength was obtained as a load
when the glass substrate was broken.
[0110]
(8) Thickness of the compressive stress layer

The section of the glass substrate for a magnetic disk was
polished, and the thickness of the compressive stress layer was
measured using a polarization microscope.
[0111]
Examples 1 to 6 and Comparative Example 1

Using quartzite powder, aluminum hydroxide, alumina, lithium
carbonate, sodium carbonate, potassium carbonate, magnesium
carbonate, calcium carbonate, zirconium dioxide, ion oxide, etc. to
obtain the oxide composition as shown in Table 1, a mixture of about
2 kg was prepared, melted and clarified in a platinum pot at 1450°C
to 1550°C, cast in an iron die and annealed, and glass for chemical
reinforcement was thus prepared. The physical properties are
shown in Table 1.

[0112] Next, using each glass for chemical reinforcement as

described above, prepared were 150 doughnut-shaped 2.5-inch disk



(1) Form processing step The glass with the conposition described in each of
Exanples 1 to 6 was forned by a direct press nethod, and made as anor phous
di sk-shaped gl ass substrates. Then, a hole was nade at the center portion
of each glass substrate using a grinder, and di sk-shaped glass substrates
each having a circular hole at the centerggportion were prepared. Further,
chanfering processing was perforned on the outer circunferential end face
and inner circunferential end face. [0114] (2) End face polishing step
Subsequent | yshaged glass aubsjrates ghabshavibgt aatieculasl halei with aadigmefer ned
by brush polishing so that the surface roughness of the end face (outer

ci rcunf er enad 2hanmattheicendef.er Spexjifiofdadwriptipas areugivenabelomas about 1.0
pmin the maxi num hei ght (Rmax) and about 0.3 pmin arithnetic average
roughness (RAN13J0115] (3) Ginding step Next, using abrasive grains with
gradi ng of #1000, the glass substrate surface was ground so that the

fl at ness dedrig¢e ofFdrme pracessing st was 3 pm Rmax was about 2 pm and that
Ra was about 0.2 pm Herein, the flatness degree is a distance (height
difference) in theheglassalithlitheadampoéjimpdedicecibleat irdeaebt 0OBEXxamples
surface) between the highest portion and the | owest portion on the

substrate surtadewasafudnved byeaslirect pness fethoes sk grade EBasmoephous
instrunment. 45 Further, For Rmax and Ra, rectangular regions of 5 pmx 5 pm

were neasurddkiyhavedigass dubsteataiscr oShene a ABM wd3 madé dtrtier cortyrs
nanoscope). portion of each glass substrate using a grinder, and disk-shaped
glass substrates each having a circular hole at the center portion
were prepared. Further, chamfering processing was performed on
the outer circumferential end face and inner circumferential end face.
[0114]
(2) End face polishing step
Subsequently, while rotating the glass substrate, polishing
was performed by brush polishing so that the surface roughness of
the end face (outer circumference and inner circumference) of the
glass substrate was about 1.0 um in the maximum height (Rmax) and
about 0.3 um in arithmetic average roughness (Ra).
[0115]
(3) Grinding step
Next, using abrasive grains with grading of #1000, the glass
substrate surface was ground so that the flatness degree of the main
surface was 3 pym, Rmax was about 2 ym, and that Ra was about 0.2
Hm. Herein, the flatness degree is a distance (height difference) in
the vertical direction (perpendicular direction to the surface) between

the highest portion and the lowest portion on the substrate surface,

and was measured by a flatness-degree measurement instrument.



[0116] (4) Prelimnary polishing step Subsequently, the prelimnary
polishing step was carried out using a polishing apparatus capabl e of
polishing both main surfaces of 100 to 200 gl ass substrates once. A hard
pol i sher was used as a polishing pad. Zirconium di oxi de and cerium di oxi de
were beforehand contained in the polishiqg pad, and the pad was used.

[0117] The polishing solution in the prelimnary polishing step was

prepared by m xi ng cerium di oxi de polishing grains with an average grain

di anet er of HAumthpm For Rmexeandl Raaddctangylarregiohs gifi dgumgx & pen wierde t he
grain dianmeter exceeding 4 pmwere beforehand renoved. Wen the polishing
sol uti on wasmeassueddyy tare atamiienforce ahicrostophe( AloM)s(Digitad astrsincentsai ned
in the polishing solution was 3.5 pm the average value was 1.1 pm and D50
val ue was 1 Nanpscopp(118] Moreover, the |oad added to the glass substrate
was 784 to 980 mN cnR, and the renpoval thickness of the surface portion of
the glass siddtjate was 20 pmto 40 pm [0119] (5) Mrror finish polishing
step The mrror finish polishing step was carried out using a planetary

gear type pold)shi Mgrelppavartyusolkisipialy stegf pol i shing both main surfaces of
100 to 200 gl ass substrates once. A soft polisher was used as a polishing

pad. [0120] The pdbubbkeqgesntlyutthenprelimireanyi potishingistbppwiaissbamiedt@pt was
46 prepared by adding sulfuric acid and tartaric acid to ultrapure water,
and further wasidigng polishindgabpparatis papbbtd ef polishinggbatin maansuefacefs 40
nm At this point, the concentration of sulfuric acid in the
of 100 to 200 glass substrates once. A hard polisher was used as a
polishing pad. Zirconium dioxide and cerium dioxide were
beforehand contained in the polishing pad, and the pad was used.
[0117] The polishing solution in the preliminary polishing step was
prepared by mixing cerium dioxide polishing grains with an average
grain diameter of 1.1 uym into water. In addition, the polishing
grains with the grain diameter exceeding 4 um were beforehand
removed. When the polishing solution was measured, the maximum
value of the polishing grains contained in the polishing solution was
3.5 ym, the average value was 1.1 ym, and D50 value was 1.1 um.
[0118] Moreover, the load added to the glass substrate was 784 to
980 mN/cm?, and the removal thickness of the surface portion of the
glass substrate was 20 pm to 40 pm.
[0119]
(5) Mirror finish polishing step
The mirror finish polishing step was carried out using a
planetary gear type polishing apparatus capable of polishing both
main surfaces of 100 to 200 glass substrates once. A soft polisher

was used as a polishing pad.

[0120] The polishing solution in the mirror finish polishing step was



pol i shing solution was 0.15 percent by mass, and the pH value of the
polishing solution was kept at 2.0 or less. Further, the concentration of
tartaric acid was 0.8 percent by mass, and the content of colloidal silica
particles was 10 percent by mass. [0121] In addition, in the mrror finish
pol i shing processing, the pH value of thespolishing solution did not
fluctuate, and was kept substantially constant. In the Exanples, the
polishing solution supplied to the surface of the glass substrate was
recover ed uginepaneddbyiaddiogasulfued agidr andiamtariomciditoaulitoapurs watar,
mesh-shaped filter, then supplied again to the glass substrate, and thus
reused. [0122)d Thethesl adding qolleidakisilica @asticies wethia grain idiapteter epf was
0.25 pmmn. and it was understood that the above-nentioned conditions
enabl e t he adlVanmageddts thid i phintg threocsswiargratioe vd Helfusichiaeiddin Ithe
addition, the polishing processing rate was obtained by dividing a

reducti on armalighiqgr sckedEmyasetolValpescenhby masshand the lprtyalowé afHbegl ass
substrate required to finish a predetermned mrror surface by the required
pol i shi ng prpaléstsingg sohdion 0M8% Kept Washizh@ soeplesser traurthen orthiei ni sh
pol i shing processing Subsequently, the glass substrates were i mersed in
NaOH aqueouscawdentratiowm ol tdréadonaeid naaso00.8 apgraentlf bymnIaser @d the 5
percent by mass to performalkali cleaning. In addition, the cleaning was
per f or med whidretempfycaifpidial sélsemipartielesswalsut O fpsgrcent by glasss substrat es
were inmmersed sequentially in washing tanks 47 respectively of a natural

detergent, fdoreMat & additionywan ehe namordiyish poblishivlg pndce ssipigothie pHcohol
(steamdry) and washed. Wien the surfaces of washed gl ass substrates were
measur ed by Vdile( [@fgithel polishing solution did not fluctuate, and was kept
substantially constant. In the Examples, the polishing solution
supplied to the surface of the glass substrate was recovered using a
drain, clarified by removing contamination using a mesh-shaped filter,
then supplied again to the glass substrate, and thus reused.
[0122] The polishing processing rate in the mirror finish step was
0.25 ym/min. and it was understood that the above-mentioned
conditions enable the advantageous polishing processing rate to be
achieved. In addition, the polishing processing rate was obtained
by dividing a reduction amount (processing removal amount) in the
thickness of the glass substrate required to finish a predetermined
mirror surface by the required polishing processing time.
[0123]
(6) Washing step after the mirror finish polishing processing
Subsequently, the glass substrates were immersed in NaOH
aqueous solution with the concentration ranging from 3 percent to 5
percent by mass to perform alkali cleaning. In addition, the

cleaning was performed while applying ultrasonic waves. Further,

the glass substrates were immersed sequentially in washing tanks



I nstrunents Nanoscope) (rectangular regions of 5 pmx 5 pmwere neasured),
any adhesion of colloidal silica polishing grains was not observed.

Furt her, contam nation of stainless, iron, etc. was not found. Furthernore,
any increase in roughness of the substrate surface was not recognized

bet ween before and after washing. [0124] 477) Chem cal reinforcenent
treatnent step Next, the chem cal reinforcenent treatnent was perforned by
i mrersi ng the washed gl ass substrates pre-heated to 300C for about 4 hours
in a chem caespeictively @femtnataral déterigesd, pyreiwatey, ppoeawatemisoprapy (60
percent by mass) and sodiumnitrate (40 percent by nmass) and heating to
375C . By talsohotantkrisopropyli alsohanésteadn siryi) uand owashedt heVWshen dbe of
the gl ass substrate were respectively replaced with sodiumions and

pot assi um i awfaces ld wahbadcglassesub strateemwermameasured by AF M ¢Digibalt r at e
was chemcally reinforced. In addition, the thicknesses of the conpressive
stress | aydnstfuments iNandecepe f drextaoiguldie rghacrss ufbSt et &s5ramgederer om
about 100 pmto 150pm After inplenenting the chem cal reinforcenent, the
gl ass subst rrataesuvedg anyeadieesion of watl@idabslicd po2idGingrgmairesohasmotand
kept for about 10 m nutes. [0125] (8) Washing step after chem cal

r ei nf or cemendbseiveelque Furthert heontamictatib gl ofs Stsimdes s atiemn wete. iwaernsstd in
sul furic acid heated to about 40C and washed while applying 48 wultrasonic

waves. Then, foulnel.gl Fstisemsdrat ahwenerewmshdd vsugbne8s5eF (ther crmistinte
vol une) hydrofluorosilicic acid (H2Si F6) aqueous sol ution, and then,
further washagfase vgad netrreeonigniyedssstwelen before and after washing.
[0124]
(7) Chemical reinforcement treatment step
Next, the chemical reinforcement treatment was performed by
immersing the washed glass substrates pre-heated to 300°C for
about 4 hours in a chemical reinforcement salt obtained by mixing
potassium nitrate (60 percent by mass) and sodium nitrate (40
percent by mass) and heating to 375°C . By this treatment, lithium
ions and sodium ions in the surface of the glass substrate were
respectively replaced with sodium ions and potassium ions in the
chemical reinforcement salt, and the glass substrate was chemically
reinforced. In addition, the thicknesses of the compressive stress
layers formed in the surfaces of the glass substrates ranged from
about 100 um to 150um. After implementing the chemical
reinforcement, the glass substrates were immersed in a water tank of
20°C for quenching, and kept for about 10 minutes.
[0125]
(8) Washing step after chemical reinforcement
Subsequently, the quenched glass substrates were immersed

in sulfuric acid heated to about 40°C and washed while applying



pot assi um hydr oxi de aqueous sol ution. Then, manufacturing of the glass

substrate for a magnetic disk was conpleted. [0126] (9) Inspection step of
the gl ass substrate for a magnetic disk Next, inspection was performed on
the gl ass substrates for a magnetic di sk. Roughness of the surfaces of the
gl ass substrates for a magnetic di sk wasggreasured using AFM (atom c force
m croscope) (rectangular regions of 5 pmx 5 pmwere neasured), and the

maxi num peak height (Rmax) was 1.5 nm while arithnmetic average roughness

(Ra) was 0. l§itrasorfigr Waskes. t NEhen! ftheey|4es esubstratennedrarivashed i nsised
surface state, and there was neither a foreign substance for preventing

flying of a o@sne{percesrdbpovoludes} anjdrafiudroBiHiNT agida (Fa8%e, )0k qureyus!
asperity trouble. Furthernore, any increase in roughness of the substrate

surface was sdl@tionouaddbaherenfiireher ewasHeadl Wingadhiptdceh®1By] masadgf tion,
in the aforenenti oned description, acid cleaning and al kali cl eaning was

perforned afperasshem Aglrégidel agoesest soRifon . acmhet, epaini@asiitimg koFl the
cl eaning may be performed in washing after the mrror finish polishing

step. [0128]gkgst Sighstrafd féNa MagpetRUBRK WadScdmpléteggnetic di sk of each
Exanpl e, the average dianeter A of the circular hole was obtained, while a

rate (% of gyl ar-hole dianeters of glass substrates departing fromthe
range of 5x10-4xA relative to the average dianeter A of the circular hole

was obt ai ned.g Ot Jinfagd chidi Q%f\:g??hé9gIa‘é’@ré’uBﬁ?a@’%@g%ﬁbh%h'&f‘éi%ko‘c

conpressi ve stress |ayer and rage ~ transverse strengt gl ass

substrates for a rREREtinspictlo PlaRpRridHHidw!h 1B lastestibiftafde fahawn i n

magnetic disk. Roughness of the surfaces of the glass substrates
for a magnetic disk was measured using AFM (atomic force
microscope) (rectangular regions of 5 um x 5 ym were measured),
and the maximum peak height (Rmax) was 1.5 nm, while arithmetic
average roughness (Ra) was 0.15 nm. Further, the surfaces were
in cleaned mirror finished surface state, and there was neither a
foreign substance for preventing flying of a magnetic head nor
contamination becoming a cause of thermal asperity trouble.
Furthermore, any increase in roughness of the substrate surface was
not found between before and after washing.

[0127] In addition, in the aforementioned description, acid cleaning
and alkali cleaning was performed after chemical reinforcement, but
acid cleaning and alkali cleaning may be performed in washing after
the mirror finish polishing step.

[0128] Further, for the glass substrates for a magnetic disk of each
Example, the average diameter A of the circular hole was obtained,
while a rate (%) of circular-hole diameters of glass substrates
departing from the range of +5x107*xA relative to the average

diameter A of the circular hole was obtained. Obtained furthermore



a
transverse strength of glass substrates for a magnetic disk of each

Their results are shown in Table 1.

Example.

[Table 1]
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In the glass composition,

(Note)

hydroxide, carbonate and nitrate as raw materials, respectively.



FU (Note) In the glass conposition, (H, (C and (N represent hydroxide,
carbonate and nitrate as raw materials, respectively. 51 [0129] Next, using
the gl ass substrates for a magnetic disk prepared in Exanple 1, nagnetic
di sks were prepared as described below, and tests were perforned in a hard
disk drive. FIG 5 schematically shows a&gfilmstructure (cross section) on
the substrate 12. [0130] First, using a deposition apparatus under vacuum
an adhesion layer 14 and soft magnetic |ayer 16 were successively

deposi ted i 04293t noBlexér eusingArthiey glaB€ rersdrates sfout taer magnetit hdibk
[0131] At this point, the adhesion |ayer 14 was deposited using a OCTi
target so thatepdred ay&xaMplead , anagmetichdisksCwigrel pyepardd 26 describedt her ,
the soft magnetic |ayer 16 was deposited using a CoTaZr target so that the
| ayer 16 wasbelowvymanghdestColere peoforfted ain%a Teard? ¢is% dfive.5 Q. I5ayer
of 200 nm [0132] The magnetic disk 10 subjected to deposition up to the

soft magnetschémuticall§ swwowseandiedstruetuteécrbegmosettion) apptatsubhsteatd when
surface roughness was simlarly neasured, a snooth mrror finished surface
was obtainedtvth Rmax of 2.1 nmand Ra of 0.20 nm Wen nmagnetic
properties were neasured using VSM (vibrating sanple magneti zation neter),

t he coercivegoi®dole (Firstwassing @, dépesirRinir apparatiggnetder fVagugensiany was
810 enmu/cc, and suitable soft magnetic properties were shown. [0133] Next,

fopnd ol SRS BOELA ofopaStt pagagte e 19 wer S or A
deposited in an atmosphere of Ar by a DC magnetron sputtering
method.

[0131] At this point, the adhesion layer 14 was deposited using a
CrTi target so that the layer 14 was an amorphous CrTi layer of 20
nm. Further, the soft magnetic layer 16 was deposited using a
CoTaZr target so that the layer 16 was an amorphous CoTaZr (Co: 88
at%, Ta: 7 at%: Zr: 5 at%) layer of 200 nm.

[0132] The magnetic disk 10 subjected to deposition up to the soft
magnetic layer 16 was removed from the deposition apparatus, and
when surface roughness was similarly measured, a smooth mirror
finished surface was obtained with Rmax of 2.1 nm and Ra of 0.20
nm. When magnetic properties were measured using VSM
(vibrating sample magnetization meter), the coercive force (Hc) was
2 Oe, the saturation magnetic flux density was 810 emu/cc, and
suitable soft magnetic properties were shown.

[0133] Next, using a sheet/static opposite deposition apparatus, in
an atmosphere of Ar, deposited successively were a backing layer 18,
finer promoting layer 20 of granular structure, ferromagnetic layer 23
of granular structure, magnetic coupling control layer 34, exchange

energy control layer 36, and protective layer 24. In the Examples,



finer pronoting |layer 20 of granular structure, ferromagnetic |ayer 23 of
granul ar structure, magnetic coupling control |ayer 34, exchange energy
control layer 36, and protective layer 24. In the Exanples, 52 the backing
| ayer 18 was a two-layer structure having the first |layer and second | ayer.
[0134] In this step, first, on the disk gybstrate were forned a layer wth
a thickness of 10 nmfornmed of anorphous NiTa (Ni: 40 at% Ta: 10 at% as
the first layer of the backing layer 18, and a Ru layer with a thickness
rangi ng frommdGackihg lavers1 8 heases ewd-lapar strudlid® hbekig thei figstalatyarget
formed of nonmagnetic CoCr-Si 02, fornmed was the finer pronoting | ayer 20
formed of hemdcsgsdbal lageructure with 2 to 20 nm Further, using a target of
hard magnetic naterial formed of CoCrPt-Si 02, forned was the ferromagnetic

layer 32 fomed] of InhtifisCstept Firsst bHcthe disk shbbbraie wéhe foamnget a layer
conposition for preparing the ferromagnetic |layer 32 was Co: 62 at% C: 10

at% Pt: 16witlGa eHldkdess od B0 Yhm Mol of Eieo FFENes INITagqMNipl40n8t %o Mt ol
| ayer 34 nmade of a Pd | ayer was forned, and the energy exchange control

|l ayer 36 nad® 8{%3 d<Ca Rdbnidysrest wes backingdayéP136]anz BsRauyer Wwithy a

CVvD net hod using ethylene as a material gas, forned was the protective

layer 24 madettnbkRaE8BNgMETIGHA- 1G¥o U R & N sbkdhtdayerhe film hardness
is increased, and it is poSsible to protect the nmagnetic recording |ayer 22

PS5 5o pabRPepl LERONT SRS Sogad o mamgiglon maCHISIO o

met hod. The fofhieakipss fHe Ufifet UDFRBLINGN IAPYET 286 f¥@Red oM hBp Idipstal
structure with 2 to 20 nm. Further, using a target of hard magnetic
material formed of CoCrPt-SiO,, formed was the ferromagnetic layer
32 formed of hcp crystal structure with 15 nm. The target
composition for preparing the ferromagnetic layer 32 was Co: 62 at%,
Cr: 10 at%, Pt: 16 at%, and Si: 12 at%. Further, the magnetic
coupling control layer 34 made of a Pd layer was formed, and the
energy exchange control layer 36 made of a [CoB/Pd]n layer was
formed.
[0136] Subsequently, by a CVD method using ethylene as a
material gas, formed was the protective layer 24 made of carbon
hydride. By using carbon hydride, the film hardness is increased,
and it is possible to protect the magnetic recording layer 22 against
impact from the magnetic head.
[0137] Thereafter, the lubrication layer 26 made of PFPE
(perfluoropolyether) was formed by a dip coating method. The
thickness of the lubrication layer 26 was 1 nm. By the
manufacturing steps as described above, the perpendicular magnetic
recording type magnetic disks 10 were obtained that are

perpendicular magnetic recording media. When obtained surface



manuf acturi ng steps as descri bed above, the perpendi cul ar magnetic

recordi ng type nagnetic disks 10 were obtained that are perpendicul ar
magneti c recordi ng nmedi a. When obt ai ned surface 53 roughness was neasured
in the sane way as descri bed above, Rmax was 2.2 nm Ra was 0.21 nm and
thus a snooth mrror finished surface was3 obtained. [0138] The obtai ned
magnetic disk 10 was installed in a 2.5-inch |oad/unload type hard di sk
drive. The magnetic head installed in the hard disk drive is a Dynamc

Fl yi ng Hei ghtougdinterssyiveaedmesaddifed iny pee nsgmet iwahead. dascripiedy dtsoght of
the magnetic head with respect to the magnetic disk is 8 nm [0139] Wen
recordi ng/ r Pmacucvasn2tZzsim, wBiae wees f @r2techron and r Bowsli &aigs memtbd atirram
region on the main surface of the magnetic disk by the hard disk drive in a
recordi ng ddinishedosuiZabe wagalhtasgiediuare i nch, excell ent

recordi ng/ reproduction properties were exhibited. Further, during the
tests, neitHén3&jusiher obkdieedomagmeticadis&aspor wiag installed otcair2.6einch0140]
"Next, Load Unload (hereinafter, LUL) tests were perfornmed wusing a hard disk
drive. [O0l4lpadheniodd tygpeshard elipkr firiveed Tihenmagrietic imedd hastaltédkin dri ve
rotating at 5400 rpm and a magnetic head with a flying height of 8 nm The

same magnet ithehkard aliskielrive bec BDymeenicaFIyiagdHeightsalsthd vhatdd as D&EH)ade
of NiFe alloy. This magnetic disk was installed in the nagnetic disk

appar at us, tthpelhagpetiat headwas A gBihgr hetgorifi theuslagnetid Hdwd with
above-nenti oned nmagneti c head, and the nunmber of LUL endurance tines was
measur ed. [ Gk4pechitbahet madddtictiik gngenmest, the surface of the magnetic
[0139] When recording/reproduction tests were performed on a
recoding/reproduction region on the main surface of the magnetic
disk by the hard disk drive in a recording density of 200
gigabits/square inch, excellent recording/reproduction properties
were exhibited. Further, during the tests, neither crush trouble nor
thermal asperity trouble occurred.
[0140] Next, Load Unload (hereinafter, LUL) tests were performed
using a hard disk drive.
[0141] The LUL tests were performed using a 2.5-inch hard disk
drive rotating at 5400 rpm and a magnetic head with a flying height
of 8 nm. The same magnetic head as described above was used.
A shield portion was made of NiFe alloy. This magnetic disk was
installed in the magnetic disk apparatus, the LUL operation was
performed continuously with the above-mentioned magnetic head,
and the number of LUL endurance times was measured.
[0142] After the LUL endurance test, the surface of the magnetic
disk and the surface of the magnetic head were observed by unaided

eye and light microscope to check the presence or absence of

abnormality such as a flaw and stain. For the LUL endurance test,



di sk and the surface of the magnetic head were observed by unaided eye and
| i ght m croscope to check the presence or absence of abnormality such as a
flaw and stain. For the LUL endurance test, 54 it is required to endure
400,000 LUL tinmes or nore without failure, and particularly, it is suitable
to endure 600,000 LUL tines or nore. Insddition, in use environnments of
normal ly used HDD (Hard Disk Drive), it is said that use of alnost ten
years is required for the nunmber of LUL tines to exceed 600, 000. [0143]
When the LUlt tigstesiuieed tpeendune 0@ 0O 0rhdHettirnedi sksnae withioutdaBocg,000
times or nore and passed the test. Further, the magnetic disks 10 were
renoved aft eand partioulardgt itaisds iitabkec t@dnd wied 680y0Q0 Add helimey etuahoes. a
flaw and stain was not detected. Further, deposition of the alkali netal
conponent wds additien, éedise [0 nmieatprafs aormatlyenisiedn HR3Dn@tatrd is&d t o
above-nenti oned Enbodinents, and is capable of being carried into practice
with variolBrivel il ¢atsaids thakense .of Tabmabbuennyeiirsnisd reqbodidréar shel and
2 are capable of being carried into practice in a conbination thereof as
appropri at e.nlmabenef, L hdimeshter sxoéed®B0:090.si zes, processing procedures
and others in the above-nentioned Enbodinents are of exanples, and are
capabl e of HénAg]caWhenl thet bULptestsi werevpdrfoanedyusheomiaignedio disks Hér eof
within the scope of exhibiting the effects of the invention. Mreover, the
Enbodi nment s erad @rexh@0d,000f tihnm @ rcavoreedndnpassedcthec¢esi.t hFumpthidn, aaki ons
as appropriate without departing fromthe scope of the object of the

i nvention. Shag@eficMBisks 10 were removed after the LUL test and inspected,

and any abnormality such as a flaw and stain was not detected.
Further, deposition of the alkali metal component was not noticed.

[0144] The present invention is not limited to above-mentioned
Embodiments, and is capable of being carried into practice with
various modifications thereof. The above-mentioned Embodiments
1 and 2 are capable of being carried into practice in a combination
thereof as appropriate. Further, the numbers of members, sizes,
processing procedures and others in the above-mentioned
Embodiments are of examples, and are capable of being carried into
practice with various modifications thereof within the scope of
exhibiting the effects of the invention. Moreover, the Embodiments
are capable of being carried into practice with modifications as
appropriate without departing from the scope of the object of the

invention.



1. A glass substrate for a magnetic disk, the glass substrate being a

di sk-shaped gl ass substrate for a magnetic di sk, having a nmain surface and
an end face, and being subjected to chem cal reinforcenment treatnent,
wherein in the glass substrate, a penetration length in an

upper nost-portion stress |ayer on the nuaigy surface is 49.1 pmor |ess, and
assum ng that an angle between the main surface and conpressive stress in a
stress profile by a Babinet conpensator nethod is 0, a value y of
{12tIn(tan 0)+(49.1/t)} is the penetr@liAMSI ength in the uppernost-portion
stress layer or less, the penetration length in the uppernost-portion stress
|l ayer is a length of a |onger diagonal in an indentation when a di anond
guadrangul ar pyram d i ndenter of rhonbic transverse section with vertex

angl es of 17230" @andyla88 sabstressetbragaimagnétie Rk tisairdlase wubBtate
pressing force of 100 g, the tan 0 is a value {(Pi+P2)/(L,+L2)} cal cul ated

from stress peahyea @ik-shaped ?Fﬁ@sh%ub@t)ﬁaﬁtbnﬂﬂ By nidgn&8é1 digk, FmAgsat or
method, the t is a thickness o the substrate, Pl is a conpressive stress

val ue, P2 i sngir &fifffd€e Shh@sanvalnde fack, a8d abeMPranseteedt tEséhélanidl. and
L2 is atensile stress depth. 2. The glass substrate for a magnetic disk

accordi ng t QepdfdirfehentW8afthBnthe value of y is {16tIn(tan 0)+(49.1/t)}. 3.
The gl ass substrate for a magnetic disk according to claiml1l 56 wherein

5225 Lorrrs hoe yihainsiibabiaifal O @uRateL I phhBonelgOOn bERLe
claiml, VRS inS8t-pafGoh OMPBEESRYER Bh tHE MBIM SHFhagseisTaBSY! G By an
less, and assuming that an angle between the main surface and
compressive stress in a stress profile by a Babinet compensator
method is 6, a value y of {12<tsIn(tan 8)+(49.1/t)} is the penetration
length in the uppermost-portion stress layer or less,
the penetration length in the uppermost-portion stress layer is
a length of a longer diagonal in an indentation when a diamond
quadrangular pyramid indenter of rhombic transverse section with
vertex angles of 172°30' and 130° is pressed against the main
surface with a pressing force of 100 g, the tan 8 is a value
{(P1+P3)/(L1+L2)} calculated from stress values and stress depths
obtained by the Babinet compensator method, the t is a thickness of
the substrate,
P4 is a compressive stress value, P, is a tensile stress value,

L1 is a compressive stress depth, and L; is a tensile stress depth.

2. The glass substrate for a magnetic disk according to claim 1,

wherein the value of y is {16-teIn(tan 8)+(49.1/t)}.

3. The glass substrate for a magnetic disk according to claim 1,



atomc force mcroscope is 0.3 nmor less. 5. The glass substrate for a
magneti c di sk according to claiml1, wherein surface roughness Ra of the end
face is 0.2 pmor less in a neasurenent length of 0.8 mmin the
circunference direction of the glass substrate for a nmagnetic disk. 6. The
gl ass substrate for a magnetic disk accorgfng to claim1l1l, wherein a
conpressive stress depth is 50 pmor nore. 7. A manufacturing nethod of a

gl ass substrate for a magnetic disk including the step of applying chem cal

rei nf or cemenyhéreint geads _fb@mtih? tHheésglasgbsubatatewher & rMmbgaetiderdisial is
reinforcenent treatnent is pertformed under sufficient conditions so that a

penetration digROhBsilitaae glaBBesomSlinip@y Zron stress layer on a main surface
of the glass substrate for a magnetic disk is 49.1 pmor |ess, and that

assum ng that an angle between the main surface and conpressive stress in a
stress profile by a Babinet conpensator nmethod is 0, a value y of

{12tIn(tan @ +(49.7Hd hass dumstretecidrahi MAgNRAE Bidk atlerdingPes BPafm PRI tion
stress layer or less, the penetration length in the uppernost-portion stress

layer is 57 wRetdIROSOrfaketl REUJIIPNESS RiA O AR UMRIRN b4 ire &Y an.
di anond quadrangul ar pyram d i ndenter of rhonbic transverse section with

vertex angl ebqomicjfgggg'mﬂﬁgséggg isSO 1 RAS6F 1898i nst the main surface with a
pressing force of 100 g, the tan 9 Is a value {(P1+P2)/(L1+L2)} cal cul ated

fromstress values and stress depths obtained by the Babi net conpensator
method, the t is a thickness of the substrate, Pl is a conpressive stress

val ue, P2 is5a tengd @I55§ &StbstPAtéSfor a magnetic disk according to claim 1,

wherein surface roughness Ra of the end face is 0.2 ym or less in a
measurement length of 0.8 mm in the circumference direction of the

glass substrate for a magnetic disk.

6. The glass substrate for a magnetic disk according to claim 1,

wherein a compressive stress depth is 50 yum or more.

7. A manufacturing method of a glass substrate for a magnetic
disk including the step of applying chemical reinforcement treatment
to the glass substrate,

wherein the chemical reinforcement treatment is performed
under sufficient conditions so that a penetration length in an
uppermost-portion stress layer on a main surface of the glass
substrate for a magnetic disk is 49.1 ym or less, and that assuming
that an angle between the main surface and compressive stress in a
stress profile by a Babinet compensator method is 6, a value y of
{12+teIn(tan 6)+(49.1/t)} is the penetration length in the
uppermost-portion stress layer or less,

the penetration length in the uppermost-portion stress layer is



L1 is a conpressive stress depth, and L2 is a tensile stress depth. 8. The

manuf acturing nmethod of a glass substrate for a nagnetic disk according to
claim7, wherein the value of y is {16tIn(tan 9)+(49.1 /t)}. 9. The

manuf acturi ng nmethod of a glass substrate for a magnetic disk according to
claim?7, wherein glass formng the glassssubstrate for a nmagnetic disk is

alum nosilicate glass containing Zr. 10. A manufacturing nmethod of a gl ass

substrate for a nmagnetic disk including a chem cal reinforcenent treatnent

step of imersémgth afdik16AgREdiglgasil Sinbainr idemidtibra whées Uh adiamebedf or med
at a center portion thereof in a chem cal reinforcenent treatnent sol ution,

causi ng i ongegeftangealdopyrapidcinde fidrabf viglombralttah SWerseofedtivatl with a
surface of the glass substrate with relatively large ions contained in the

chem cal reivarcesmilest FatimenBosoandi aB0°all pREyRY agaiedti fite @main _
conpressive stress layer in the surface of the glass substrate, 58 wherein

the chem calsyrgidd owaaNaNt pidAhgERbrds oer100md Sivet it @ def ar afluen
anount of the circular hole formed at the center portion of the disk-shaped

gl ass subst f{ﬁ”FfP?)/(’V_htl-ﬂ'_ig'j'} Qdlelhnbdt MomdsaieRisevabiies NEndi Efrielsar deptRs and
that the transverse strength of the disk-shaped gl ass substrate is 98 N or

more. 11 AJBREIHES by iHY BRRJALE coimPeAb AR MetRbEAkRe!OFs 8 RGKIRESS ofdi Sk,

the gl ass substrate being a doughnut-shaped gl ass substrate for a nagnetic
di sk, and hangngHstFafecul ar hole at a center portion thereof, wherein when
di ameters of circular holes of 500 to 1000 gl ass substrates that are

arbitrarily sel ecpgdisag&dmRpraéside Eir8sd\HIBECPLfs a tensile stress value,

L, is a compressive stress depth, and L, is a tensile stress depth.

8. The manufacturing method of a glass substrate for a magnetic
disk according to claim 7, wherein the value of y is {16+t*In(tan

0)+(49.1/t)}.

9. The manufacturing method of a glass substrate for a magnetic
disk according to claim 7, wherein glass forming the glass substrate

for a magnetic disk is aluminosilicate glass containing Zr.

10. A manufacturing method of a glass substrate for a magnetic
disk including a chemical reinforcement treatment step of immersing
a disk-shaped glass substrate with a circular hole formed at a center
portion thereof in a chemical reinforcement treatment solution,
causing ion exchange for replacing relatively small ions contained in
a surface of the glass substrate with relatively large ions contained
in the chemical reinforcement treatment solution, and thereby
creating a compressive stress layer in the surface of the glass

substrate,



the circular hole of each of the glass substrates is within the range of
5x10-4xA rel ative to the average dianeter A of the circular holes of the

gl ass substrates, the transverse strength of each of the glass substrates
is 98 Nor nore, and control is thus perfornmed. 12. The manufacturing method
of a glass substrate for a magnetic diskgaccording to claim11l, wherein the
gl ass substrate for a nmagnetic disk is a 2.5-inch substrate, and the

di aneter of the circular hole of each glass substrate is within A1I0 pm 13.

A manuf acturing maptHwrei®the cHémscaukshfatement trezrgreitiic paifékmiedcssdi ng a
chem cal reinforcement treatnent step of i mersing a disk-shaped gl ass

substrate Wthat a @eféuhatioRchAMJUtNBa thé cGré@alreiolePfbirhed dthetigdentara
chemi cal reinforcenment treatnment solution, causing ion exchange for

replaci ng rglogtibreby m@ldlskmmt@begdsuasﬁ%tea.sswmame m@styb%fgltﬁés
substrate with relatively large ions contained in the chem cal

rei nf or cenejamicdaf Wﬁhesé)l'réhlé}nho@daﬁ@QHQPB{heCtrrﬁﬂ"s\/@Els@ s‘fﬁéﬁb’tﬁséf YgeStress
| ayer in the surface of the glass substrate, wherein the chem cal

rel nf or cemegik IShRDERNGIA<s BADERGIEYs DB NoBE sl a gl ass meterial of the
di sk- shaped gl ass subsfrate and treatnent conditions of the chem cal

rei nforcenment treatnment so that a deformati on anbunt of the circular hol e
formed at the center portion of the disk-shaped gl ass substrate is within

0.05% of thqq diape l]ij’ﬁacttlgﬁngaﬁfé{h% BP'ae 1458 §Jlﬁtréféeféf%”ﬁ¥§éli\€tic

strength of the di s ape SsS substrat s 98 nor e _
et oo By O T TSRS hat oLl
substrate wihh AnchEFEia iR G A@ HRANS! a2citE0Id hole at a center portion
thereof,
wherein when diameters of circular holes of 500 to 1000 glass
substrates that are arbitrarily selected are measured, the diameter of
the circular hole of each of the glass substrates is within the range
of +5x107*xA relative to the average diameter A of the circular holes
of the glass substrates, the transverse strength of each of the glass

substrates is 98 N or more, and control is thus performed.

12. The manufacturing method of a glass substrate for a magnetic
disk according to claim 11, wherein the glass substrate for a
magnetic disk is a 2.5-inch substrate, and the diameter of the

circular hole of each glass substrate is within A+10 um.

13. A manufacturing method of a glass substrate for a magnetic
disk including a chemical reinforcement treatment step of immersing
a disk-shaped glass substrate with a circular hole formed at a center
portion thereof in a chemical reinforcement treatment solution,

causing ion exchange for replacing relatively small ions contained in



portion thereof in a chemcal reinforcenent treatnment solution, causing ion
exchange for replacing relatively small ions contained in a surface of the
gl ass substrate with relatively large ions contained in the chem cal

rei nforcenent treatnent solution, and thereby <creating a conpressive stress
| ayer in the surface of the glass substggte, wherein a deformation anount
due to the chemical reinforcenent treatnment of the circular hole forned at
the center portion of the disk-shaped glass substrate is beforehand grasped

for each gba§§ﬁfa@e9bﬁ$ﬁe ta%rsl@hbéﬁa%@lwﬁh%uéﬂvémaﬁq?i&ﬁécadmhméu
anmount is within 0.05% of The dianeter of the circular hole, and that the

transverse girem@t ltheimica® defiforbementotpsstraeRe! 5aru:‘u@we 4Rdt hRePEbY
chemical reinforcement treatnent is 98 N or nore, the sel'ected gl ass

material iscpE2G6R§S8d dommpiedsifer mrewg' |I§¥éPGinC'th6U|sﬁrrfélfé €of _%hfaoyr&gor .

the center portioh, and the chem cal reinforcement treatnent is
15. The nanghgﬁg,lérténg nmet hod of a glass substrate for a magnetic disk
according t aim 10, wherein glass for chemical reinforcenent formng the

di sk-shaped gl ass,$itheid #hE M 6&1‘%%(0%%?&9Mrﬁagﬂsgl?g?aé%ﬁgg%eeeﬂgzw .

portion contains in expression of percent by nass

to 20% (wh t 3 o 0, t | of
ARV e R R R SRt B L
Li 20 exceedi a8l ItaRlod£8F the chemical reinforcement treatment so that
a deformation amount of the circular hole formed at the center
portion of the disk-shaped glass substrate is within 0.05% of the

diameter of the circular hole, and that the transverse strength of the

disk-shaped glass substrate is 98 N or more.

14. A manufacturing method of a glass substrate for a magnetic
disk including a chemical reinforcement treatment step of immersing
a disk-shaped glass substrate with a circular hole formed at a center
portion thereof in a chemical reinforcement treatment solution,
causing ion exchange for replacing relatively small ions contained in
a surface of the glass substrate with relatively large ions contained
in the chemical reinforcement treatment solution, and thereby
creating a compressive stress layer in the surface of the glass
substrate,

wherein a deformation amount due to the chemical
reinforcement treatment of the circular hole formed at the center
portion of the disk-shaped glass substrate is beforehand grasped for
each glass, a glass material is selected so that the deformation
amount is within 0.05% of the diameter of the circular hole, and that

the transverse strength of the disk-shaped glass substrate due to the



Na20 5 to 18% (where the mass ratio Li20 Na20is 0.5 or less) K200 to 6%
MO 0 to 4% CaO exceeding 0% to 5% or |ess; (where the total anount of MO
and CaOis 5%or less, and the content of CaOis higher than the content of
MO and SrO+BaO 0 to 3% 16. The manufacturing nmethod of a gl ass substrate
for a magnetic disk according to claimgg, wherein the chem cal
reinforcenent 61 treatnent is perforned using a chem cal reinforcenent
treatment solution having a conposition with 60 percent to 80 percent by

mass KNGB gRénfidapesie@oicdrer? tRedteeant by 98BN SoMaIYPR, tnbasdlettdd gigssent by
mass in total) at a tenperature ranging from350C to 420C. 17. The

manuf act ur i ReateRidIod PfoceHerh tn HBRtforhe WRlleatHB@MRIUISr HElEKisafrpigld ng to
claim 10, wherein a thickness of the conpressive stress layer in the

di sk- shapedagltags cewbst RiréionibaRet & IchemRal ChRaRTGRleniEhN RS SPRBRL is
treatnment ranges from 10 pmto 150 pm 18. The nanufacturing nethod of a

gl ass subst paryrhfdda magnetic di sk according to claim10, wherein the
gl ass substrate supports a magnetic disk in which a track density of
information to record is at |east.100-gigabit TPI. 19. The manufacturing
met hod of a glass substrate for a magnetic disk according to claim 10,

\;vher ein theqgl aSSTﬁﬁbﬁltarrﬂFfﬁcﬁYrﬁ’rﬁ)grrhétﬁbd RPN LBStIHETR £ mMaGHEGE N9
ystem 20. A magnetic di sk conpfising

disk according to claim 10,

wherein glass for chemical reinforcement forming the

disk-shaped glass substrate with the circular hole formed at the

center portion contains in expression of percent by mass:

SiO, 57 to 75%;

Al,O3 5 1to 20%;

(where the total amount of SiO,+Al,O3 is 74% or more)

the total of ZrO,, HfO,, Nby;Os, Ta;0s5, Laz03, Y203, and TiO,

exceeding 0% to 6% or less;

LioO exceeding 1% to 9% or less;

NazO 5 to 18%;

(where the mass ratio Li,O/Na;O is 0.5 or less)

K20 0 to 6%;

MgO 0 to 4%;

CaO exceeding 0% to 5% or less;

(where the total amount of MgO and CaO is 5% or less, and the

content of CaO is higher than the content of MgO) and
SrO+BaO 0 to 3%.

16. The manufacturing method of a glass substrate for a magnetic

disk according to claim 10, wherein the chemical reinforcement



the gl ass substrate for a magnetic disk according to claim1l;, and a
magnetic | ayer provided on the main surface of the glass substrate for a
magneti c disk directly or via another |ayer.

61

treatment is performed using a chemical reinforcement treatment
solution having a composition with 60 percent to 80 percent by mass
KNO; and 40 percent to 20 percent by mass NaNOj; (where 100
percent by mass in total) at a temperature ranging from 350°C to

420°C.

17. The manufacturing method of a glass substrate for a magnetic
disk according to claim 10, wherein a thickness of the compressive
stress layer in the disk-shaped glass substrate subjected to the

chemical reinforcement treatment ranges from 10 pm to 150 pym.

18. The manufacturing method of a glass substrate for a magnetic
disk according to claim 10, wherein the glass substrate supports a
magnetic disk in which a track density of information to record is at

least 100-gigabit TPI.

19. The manufacturing method of a glass substrate for a magnetic
disk according to claim 10, wherein the glass substrate supports a

perpendicular magnetic recording system.

20. A magnetic disk comprising:

the glass substrate for a magnetic disk according to claim 1;
and

a magnetic layer provided on the main surface of the glass

substrate for a magnetic disk directly or via another layer.





