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 glass substrate for a magnetic disk installed in a hard
di sk drive apparatus and a manufacturing nethod of the gl ass
substrate. Background Art [0002] There are magnetic di sks as nagnetic
recording media installed in a hard disk 8rive apparatus (HDD
apparatus). The magnetic disk is manufactured by depositing a NP film

on a netal substrate nmade of an al ygpqi siumalloy or the

| i ke, or applying a magnetic | ayer L@hgwﬁﬁ}‘?ve | ayer onto a gl ass
substrate or ceram c substrate. Conventionally, as a substrate for
the magnetic di sk, alum num alloy substrates have w dely been used.

In recent years, with r i ! i F‘%ﬂﬁ i

hi gh-density recording Ggﬂ%ﬁe%\%iﬁ%ﬁl sk, %P‘g&giﬁgﬁgﬁ es have
been used which are nore excellent in f)gipess of the surface and
strength in the thin plate as conpared wth the alum num al |l oy

substrate (Japanese LailﬂAWABQ’WItN(ELmE:rgpb%F EI&@,?WBO).

[0003] In recent years, I n the nagnetic Install he HDD
apparatus, the storage capacity will further increase in the future,
and it has been required to further increase the recording speed and

2 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 instalied 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



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

hi gher speed. [0004] However, when the nagnetic disk is rotated at

hi gh speed in the HDD apparatus, a heavy load is inposed on the
magneti c di sk, and high strength (inpact resistance) is required for
the magnetic disk. Further, in recent yea?s, since the HDD apparat us
has been used in portabl e apparatuses such as, for exanple, notebook
PCs, cellul ar_tel ephones, and, portabl e nusj c. pl s, the magnefljc
disk is requirreé‘aof"g SpRRd O ghei mfgepatian; iy e HIOR- RPPAEUShe ﬁ?% te
not broken when e portabl e apparatus is.dropped. Thus, requi.red ar
magnet o di sRECeLitets AU SeRRGR ifdrati BUCRE tat 4he A e €K &t
resi stance huﬂhﬁr t han currently required inpact resistance.

Di scl osure of P 95&??8H‘[0005}The present invention was nmade in view
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treatment, anfsks EhaRgt ﬁﬁi ednt Vel sidig RROS DR} %‘998'@@%% hg%rbééw

upper nost -portion stress’layer on‘the main surface Is

less, and t hajseas fiHoMaEIBaSpRarA0$E S RRIWEEN 15PxEMMeS HdtBE60RMICS,

conpressive stress in a stress profile by a Babinet compensator

nethod is O, o@lM@éM@emFﬁbnéé?artd RO &)mis#Opiy@ts] thd Meagrietic disk is

penetration length in the uppernost-portion stréss |ayer or |ess.
Herein, the pegairedt t@mdwengighimpdia rwsramst speht tiut e efsk |iayRb6t
is a length of the |onger diagonal in an indentation when a di anond
quadr angul ar bpykeniwhémdeetmirtatilerdppdriatus iadsyppee. SeRHuNTeguited are
vertex angles of 17230' and 130 is pressed against the main surface
w th a pressimggheticedieks 13ubgirdtbe foantie imagnettueisk) meeting impact
{(P1P2)/(1-1-H2)} calculated fromstress val ues and stress depths
obt ai ned by trasisBabie biglemiemsatoentigtreqdjreaninpdet tesistaacehi ckness
of the substrate. 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. [0007] According to this constitution, the
conpressi ve $lipelosurg aijlgMentionhe surface | ayer portion (with a depth
of the order of about_1.5 pmfromthe substrate surface), rates of
change in thé08@%kss THeueBrgsedHpriayentienst wass madet eifsi viewt rafsshhe
in the depth directign inside the substrate are small, and_ it is

t hereby possidhPieraentiepeds (eshisdctan@sitsisarae ebigct eQhirthee invention to
wi t hst andi ng accel erati ons of 1?0 G to 2000G for_on(ii ﬁ(housandt h of a
second) hi gh®rOYif&n & halasgr Sihsiia ?eé‘ﬂu’i rddMagREdic (@ISKs Meeidnd [ Hupaft

In the glass sub t he

val ue of vy i§e§'rsgqt"ré‘$e;5quho%l®@r“ﬁ @ﬁ%}‘ﬁy%%Eg'f%}cdo'wfﬁ%?fég?stt?ﬁg?he gl ass
SubsLr e {OfoodRIneLiE bRl ey RIS LR L T RdR s
gl ass contai gidldshhped 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 pym 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 9, a value y of {12+t+in(tan 8)+(49.1/t)} is the



[0010] In the glass substrate for a magnetic disk of the invention,
surface roughness Ra of the main surface neasured by an atom c force
m croscope is preferably 0.3 nmor less. 4 [0011]In the glass
substrate for a magnetic disk of the invention, surface roughness Ra
of the end face is preferably 0.2 pmor less in a neasurenent |ength
of 0.8 nmin the circunference direction &f the glass substrate for a
magnetic disk. [0012] In the glass substrate for a nagnetlc di sk of

t he i nvention

e Lo013] BenafafRNREASR e LEPRr Rl Palo R et Ry b gt 18T

i disk of th f hod .o
bt e for o Tt e B8nhialaMiBHERE 4 the Pty Mool atess
o et e e dalEPALTE Henkf |1 e A8RoBE WALEBHEL iRT80  hEhBA Whéa
sufficient COdTnger‘s%ﬁé’dl it \Lpe Pﬁpﬁnfd?‘t n‘?fénl 8P9<51h Hh'&nlilﬂ‘é transverse

upper nost - portion str r on the nain sur ace of the

substrate forgatRARRH e r@éﬁ%dgﬁeé‘?f%?@% ah@sﬁsoﬁf&dpFé%%tedaéﬁé'iWsp%e

that an angl e etween t € maln surtace an conpressi ve stress

stress profilg 0 t 0
{12n(t an1s) +( B8 POy R e PRSP CTorPR, OO R i (2 fyatue

stress layer {pp, #PW(LﬁLz}} cal®18iy fidlA BRBRLM Qhiuy |lAROLRrdsd H'é%ths
uppernost-portion stress l'ayer is a length of the |onger diagonal in

an indentati asbtehfs abyli O NHaBhREl’ RRGD S saF aMdthoRdenhar teé t is a
rhonmbi ¢ transverse section with vertex angl es of 17230 "and 130 is

pressed agai natckneesneti thessiibsiegtaM th a pressing force of 100 g, the
tan 0 is a value {(P1+P2)/(1_11-L2)} calculated fromstress val ues

and stress dept hs Ehtisi aednipreisbp/aBatresetvaloapnsiatatensildatresanghiibe
t is a thickness of the substrate. Pl is a conpressive stress val ue,
P2 is a tensillieissa cogpreakive, stréss ldepith, and dippises $&vellsstress diyhh,
and L2 is a tensile stress depth. [0014] According to this nethod,

t he conpressi[080%} r eAscordinggte ithis wnsiititicr, Ithgecopmressive( windssais
depth of the order of about 1.5 pmfromthe substrate surface), rates
of change i n higk istthessurfacadeyec prastiensiwith st depth aidheenrldreof about
stress) in the depth direction inside the substrate are small, and it
i s thereby pds8ibMe fkain difieaskbgirase ssuimer)atr@é% of ghaagaein thelistkess
sati sfying inpact resistance (for exanp W t hst andi ng accel erati ons
of 15000 to 58S (ePMprassiNgustanes ﬁnéftealsglécéhafsmrgme deapdh difgction

currently required. inpact resistance.
y cfnsnde therr%u strate 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-t«In(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.



[0015] I n the manufacturing nethod of a glass substrate for a magnetic
di sk of the invention, the value of y is preferably (16M(tan
0)+(49.1/t)}. [0016]In the manufacturing nethod of a glass substrate
for a magnetic disk of the invention, glass formng the gl ass
substrate for a magnetic disk is preferably alum nosilicate gl ass
containing Zr. [0017] A magnetic disk of 4he invention is
characterized by having the above-nenti oned gl ass substrate for a
magnetic dis netic |ayer provided on the main surface of

d
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of the di arreter of the circu e transverse
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manuf acturing nmethod of a glass substrate for a magnetic 'disk of the

invention is raint8rodraghttic2@merittedinef g sosabstiats hameds Hrgdcterized
substrate for a magnetic disk having a.circular hole at its center

portion, andinsthetatiecteidrmiRadli reihfdicewtait tieamienitsiwfperfsenddrunder
hol es of 500 to 1000 gl ass substrates that are arbitrarily sel ected

are neasur ed suffidedt armeinelitiofis t heo cithatll ahe hgtenatrattash lehgtihe igl ags
substrates is within the range of 5x10-4xA relative to the average

di anmet er A olLppkeemoist-puirtionhetressofaydreogl diss walirst satfese dhdhe glass
transverse strength of each glass substrate is 98 N or nore, and that
control is tBubsiraté domadmdueRa) disk sedBehphacruesag amst thad assiaming
gl ass substrate for a nmagnetic disk of the invention, it is

preferabl e t that anangladetygen the eaiorsufae sad gonipsRSsiyeastress imeh
substrate, and that the dianeter of the circular hole of each gl ass
substrate i sSHEsR nrrm@ tpama [Bm:zmrst ARompeAsRtcarnathektind af valugl sef
substrate for a nagnet of the invention is a manufacturing

met hod of a gladyn tt"i‘t'i‘st r@f*é“?d‘r’t)é miignehec Menetratianudi legaah chim cthe
rei nforcenent treatnent rsi q% a di sk-shaped gl ass
substrate wi PHPEI’E‘PISEIE’I"&I'OHO?’I@SS ayerorless

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 © is a value
{(P1+P2)/(L1+L2)} calculated from stress values and stress depths
obtained by the Babinet compensator method, and the t is a
thickness of the substrate.

P, is a compressive stress value, Pz is a tensile stress value,



7 formed at its center portion in a chem cal reinforcenent treatnent
sol ution, causing ion exchange for replacing relatively small ions
contained in the surface of the glass substrate with relatively |arge
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 ®hat the chenica
reinforcenent treatnment is perforned by selecting a glass material of

t he di sk-shaped gl ass substrate and treatnent conditions of the
chemi cal rei Mol GRAPTERSMEITesS Ganthy and LS b I SERSSRERID. ¢ he

2t oL ST Sy 5T B 8 Sl 0PRSS
substrate 1Is t n ; r )
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with relativelyshahes s %Egﬁbned didk t&@\iéirgpﬁ{a Galpd & %Qi%?é???'é‘ytegor

treatnent solution, and there creating a cofipressive stress la

in the surfaggaphplehewsthatndiHShtabRrafiblsi 8f CIBIGEG! & | Z600EN bNains
def ormati on amount due to the Cchem cal reinforcenent treatnent of the

circul ar hol ehbasamgtaioftdes r highielri @arothé heurdéstty Sr%@%cﬂ:irﬂﬁéct

substrate i s beforehand grasped for each glass, a glass material Is
sel ected so trbsistafiee def ormati on anount is within 0.05% of the
dianeter of the S circular hole, and that the transverse strength of

t he di sk-shaped1§] asikh shbshratfaduging mbthahesfi @alglasd ndubysteaentor a
treatment is 98 N or nore, the selected glass material is processed
in di sk formmagnétic t beskci otuther imaeatiosn, f theedahie t bé genisempreferably
portion, and the chem cal reinforcenent treatnent is perforned.
[0023] In thé1adninfteot )+H#H§. ti)hod of a gl ass substrate for a

magneti c di sk of the invention, glass for chem cal reinforcenent
formng the §P@kEknhadpedhgl e ufapiirring enathad tdfe aciglass wutrsdratef fomed
at its center portion preferably contains in expression of percent by
mass:— Si 02577730Ketg 2dsk of 2bgyinyantipe, oirss Hraingntenolasss substrate e
is 74%or nore) the total of Zr02, H 02, Nb203, Ta205, La203, Y203,
and Ti 2 exc@ddrggetio, digkdsonseferaddy ajymimasiicals glgssmariatvngrln ess;
Na20 5-18%

[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 giass 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



(where the mass ratio Li20'Na20 is 0.5 or less) K20 0-6% MO 0-4%
CaO exceeding 0% to 5% or |less; (where the total anmount of MO and
CaOis 5% or less, and the content of CaO is higher than the content
of MO and Sr0+Ba0 0-3% [0024]In the manufacturing nmethod of a

gl ass substrate for a magnetic disk of the invention, the chem cal
rei nforcement treatment is preferably peréorned using a cheni cal
reinforcenent treatnment 9 solution having a conposition with 60

NN r%%?ne PSP ety 2a SaBE b e Yanc

éﬁgglsngu{);?r&ﬁ toca{é% %g anrQsélr\]/% s rrélé]:sa[%tylérrl o the sur?ace SF 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.
[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
pm.
[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



magnetic disk of the invention, a thickness of the conpressive stress
| ayer in the di sk-shaped gl ass substrate subjected to the chem cal

rei nforcenent treatnent preferably ranges from 10 pmto 150 pm
[0026] I n the manufacturing nmethod of a glas substrate for a magnetic
di sk of the invention, it is preferable to support a magnetic disk in
which a track density of information to récord is at |east
100-gigabit TPI. [0027] I n the manufacturing nmethod of a gl ass

suppor t & perBART SR A ARBME: PRrtielt dhat ﬁgg & lialnfe nfirBp ekt at?%aeﬁgﬂf
f
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an inside dianete a glass substrate a magnetic n the

invention;  thereby ick&atiflg] '? MW SGVE n&rﬁs§qag€m ihCtid réﬂﬁf‘étree oqfi%}fé

transverse str engt h tester neasuri ng the transverse str engt h o
the glass subsisalt eubgtrate™aRel | & dokrddietbedl Mentian: 1Rnd chbicH)

I s a diagramshowi ng an exanple of a configuration of

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 diarﬁeter 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



a magnetic di sk according to one enbodi nent of the invention. Best
Mode for Carrying Qut the Invention [0029] Enbodi nents of the
invention wll specifically be described below with reference to
acconpanyi ng draw ngs. (Enbodi nent 1) A gl ass substrate for a
magnetic di sk according to the invention is a glass substrate for a
magnetic disk installed in a hard disk drfve (HDD), etc. for exanple.
The magnetic disk is, for exanple, a recordi ng nedi um enabli ng
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and conpressive stress 1n a stress pro net conpensat or

met hod is 8, r@iﬂf%lr&@mlénwtre{ajt%nq(igﬁ%sr@rﬁé@' 1/t)) is the penetration

| ength in the uppernost-portion st ayer or |less. Therefore, the

gl ass substrapgoss ChpaRke ninurachinty | Weasdd r@fsia?tg%%@tﬁg@ét%tet H8p a

the currently required I npact resistance. In addition,

penetration ligaghbtit ndidke PR TASENROA! | RBsST fARSThkAYBh! irdiffor&dERL
of the |l onger diagonal in an 1 ndentation when a di anond quadrangul ar

pyram d i nderfbemiy thd @idk-e6hhpad Y 8ESs S ubeeidte Wwith tHe \8fdueXr RO RSTnRid
17230" and 130 is pressed against the main surface with a pressing
force of 100 g3, it aendei @oatiN@LFJefér(alﬂl)*%)ﬂéilnb- it 8kpresdien| ¢ft pardem by
stress 11 values and stress depths obtai ned by the Babi net
conpensator mehked, and t is a thickness of the substrate. P1
is a conpressive stress value, P2 is atensile stress value, Li is a
conpressi ve Sifkess 8&ptBY%,and L2 is a tensile stress depth. [0031] In
the gl ass substrate subjected to chem cal reinforcenent, the
conpressive $#lp@ss $ad@¥%;is formed in the surface |ayer by replacing
ions of atonms contained in the glass form ng the glass substrate with
i ons of atomeIh‘&AVﬁﬁbedﬁtdtmﬁungaﬂi&i@#éiﬁiSt'ﬁé% ohmore) the atons.
FIG 1 shows a stress profile in the glass_substrate thus subjected
to the chem dBe felahf @F céient HiQeat MaOs, FI&04 Lp28sdi XgPam ambwl e
the stress profile in the gl ass substrate with a thickness t. In FIG
1, an area t &#XCReIINGALe & OASTIIPAR X at the center is an area of
conpressi ve stress, ile ar to the left of the line Xis an
area of tensﬁi'éﬁ@@? ng ﬂ%l“?\ %Z\/\?dr'%?; in FIG 1, Pl represents a
conpr essi ve ﬁr%%'-*\ﬁ%l" e, and P2 represents a tensile stress val ue.
Further, in F%" 2, °represents a conpressive stress depth, and L2

represents a,tensilge stress_dept. L n the ea ,of conpressive stress,
as the corrprég’g'fa\';% tﬁ?rrgﬁs\';ﬁﬁﬁg"giwzﬁ?c(ﬁéﬁge ,Ortlﬁés egree of

rei nf orcenent, i t'ﬂp(%?r Further, in the area of tensile stress, the
di st ance (de%ﬂzlk%S om’the substrate surface to the stress profile is

a di stance Sy, thaL4%.fracture occurs when a crack reaches the
stress profile fromthe substrate surface, and as the depth

i ncreases, thmy@l aggcdsdiRarEartol %bgsﬁﬁé%s.[ 0032] From t he vi ewpoi nt of
i npact resistance (fracture-proof), en' 0 represents a gradient of

the stress prahere thengdtal ahvaRD dfhRgRidhFiOCh FUW SOMEESEhY Cthe
stress) of fromthe area of
content of CaO is higher than the content of MgO) and
SrO+Ba0 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



conpressive stress to the area of tensile stress, it is preferable
that 12 tan O is large, i.e. the distance (depth) fromthe
substrate surface to the stress profile is large. This is because a
stress variation of fromthe main surface to the inside is noderate
when tan O is large, and it is possible to effectively suppress a
crack that tends to extend agai nst inpact2of a short tine
(two-thousandt hs of a second or Iess) Meanwhi | e, when tan O is
increased in Rﬂe stress rof e cogﬁé%33|ve tre value

dﬁcr eases con HU@HtI"S’d/V'” rF’bI@P Bf‘r"&' aH‘éE%e ttﬁle REREBE ydT‘aSS
the 'sﬂf)g? :r):a'? KB BhE” 4L RRR AN 4 radt THEREE WL oRERs RENQE Tbie?e 160
bort 1 on evan MASSAE dﬁgémﬁif"e@@eép%n?%"ﬁ?er?*“382% 1G58, IBKEGs0G to

conpressi ve %%(gscs vaI ue P1 is low, and reached the present
i nventi on. The hardness of the substrate surface layer is

eval uat ed Us'm@z%m)e 'Irf“t%h nh RPEIc ‘FEcPiﬁg perefth%' &t raef%aééygﬂbstra e for a

penetration |engt t he | onger onal In an 1 ndentation

di amond quadrrﬁﬁglﬂlbﬁ& ¥k Htfel |HQ§H¥|8F| & thi EKHBNCof fr?é‘%‘éﬁ{psr%ﬁﬁa‘étél‘?éss

with vertex angFes of 17230' and 1300 is pressed agal nst the main

surface with IQKEF qﬁsﬂh@dfé}{-ﬁﬁagéd 1@@59 ssaPa@ BUbjextadCld Qﬁ'e chemical
eval uati on mnet it is possi o indirectly represent the

hardness in aeliffoRcomenderedtakait preférably haﬁgagf’aﬁ:rﬁfmpﬁvto 150 dplho 2
pmin the substrate surface. In addition, the evaluation netho

t he hardness [0026he Hurthacendmyr@ictimng @ cshibst shite glas$ agebsisatotior a
limted thereto, and any nethod can be used which enabl es the

har dness i n andbhatiswitkad thayievewtioh, a shprdfeesisieofo sbppbdrtla phadwetic
pmin the substrate surface to be represented. In the-invention, the
| engt h of t halisbnigewhichgantmbckndéhsity nafeimfatmanbioinn te heecord is at least
above-nentioned 13 evaluation nethod is 49.1 pmor |ess.

[ 0034] Fur t herl00wgigatih TRgl e bet ween the nain surface and conpressive
stress in the stress profile by a Babinet conpensator nethod is
assuned to bd0827h vHl dbey manyfagtuniig amethaq 40f B t9ipss ssuieisatendor a
penetration Iength in the uppernost-portion stress |layer or |ess. Tan
Bis a value T@WB#PZF/*(HJ ELQ)E} rweadios: el fisormreferade vip usyraae 2
stress depths obt ai ne t he Babi net corrpensator nmethod, and t is a
t hi ckness of HGH'EQEQ géﬁ@gnetlc recorging gystefint, Pl is a

conpr essi ve re val. Uﬁb éo‘b a tensile stress val ue, Li is a

conpr essi ve rr‘eé 88‘69 n 7_32”'|"§ a tensile stress depth. The

characteristi \, y={12. t1n(tan 0 49.1/0 racteri tlc
curve A shomﬂapﬁg[: %\6021 'ﬁc@op&ﬁq{é‘ ”P%tégapgsg éUﬁgﬂﬁfcgqﬁchradl

to the |nvent| .Qﬁg characteristics of the area such that the

upper nost - porst ﬁ less | ayer penetration length is 49.1 or less in

this characteristi fz Ur2’3§ %{ZB?ﬁ%ﬁ% ﬁ? r%tinth %%ﬁ?onss‘ﬁ*?&%ét\f?eé%a

an area of y= {16t|n aZcharact &gt Peveurves

shown in FIG, er i ASHARE R Qéf?esérﬁang r'a%noﬂrl%@'iﬁ%'rﬁq {51 ger from

t he vi ewpoi I’lt rupture resistance ere ore, in-the ass

substrate accordi ngigo3at f&ea'ﬁ'é’r%ﬂbbﬂoe vViBuwFskowehg lat strécﬂfr%f &f §H| |‘?|S|de
that the uppernost-portion stress [ayer penetrat| on length is 1 pm

or less, and dlmeetéhfﬁné]é@&%n%msb?@h&ath@sfcﬁhﬁhﬁe%%hemgsthﬁ'nsti@etctheter
right (5|de where tan Bis larger) of the characteristic curve A and
mor e pref er alfys gy schstratsd forsa eiadghetiadisk (v trghindemiyn:area in
FIG 2) to the right (side where tan B is larger) of the
characteristic curFéGB4 isO0igw shoevistresshpnudtid strastsieooh d tramisGersle
can be obtained fromthe Babinet conpensator nethod.In addition, the
Babi net 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



19 conpensator is an instrument including two opposite quartz wedges
havi ng equal angles, and one of the wedges is noved in the length
direction with a screw of a mcroneter. In the two wedges, the
optical axis directions are nmutually perpendicular, and the optical
axi s direction of one novabl e wedge is along the novabl e direction.
This instrument has w dely been used for ldxam nati ons of retardation
in phase difference and the degree of double refraction in crystals,

the. gl ass suBSTAE SIRCAFeRAiNs 1 AP cahasimbrbetBP g vertBhand
f I f

for i ngjf;th?%? teﬁﬁdéz?ore(ﬂ%rﬁ” t h&?gﬁé’amyé‘ fifier ed sur face forni ng

ci rount er ent 1190 28ha SRt & el MubATioRy BRSPS El B dperijoed
(3) end face mbmgﬁgre%,%qm(qu g;cgﬁf@{gjﬁagﬂdﬁ{@pend portion and

i nner circunferenti end portion I'ng step, (5) main
surface poli g nﬁllgo&h%)m( rst and second polishing steps), and (6)
chem cal reintforcenent step In addition, the steps except the

chem cal reinfor Ceﬁeﬂ_:{la%egu%ﬁaP@rfcﬂ* @dm'ég‘ﬁ%'ilcc‘?ﬂgkt Lees diRgt 18" me

general ly performed 0037] To obtain the glfass substrate having t

above- ment i onﬁdem“@méta Sfasd bubStrats ¢85 ar Malgpetiet dishReingt AR in a hard
conposi tion and chem cal reinforcenment conditions properly in (6)

cheni cal rei rfigk cénest (HDED, éft, ofdrelexadisle. t TRedlBagnEGEPORIK! | 'lanor
and chenical reinforcenent conditions are set suitably so that the

penetration lexagiple, nat recopfiagnosédiuet t eaBbERHESSgh-AeeISIYN ihRenigtion
surface is 49.1 pmor less, and that assum ng that an angl e between
the mai n sur fségralandocdmpr essondedst aeds reprdduecest r bgs theofpdreehyidlier
Babi net conpensator 15 nethod is 6, a value y of {12tIn(tan
8)(49.1/t)} insaghetipermtardingnsysagt.h ifutther,upper gizss- subistrate s foress
| ayer or less. [0038]d ass materials formng the glass substrate
i nclude al unimaghe¢licadiskgliasmainhe usedni fosil.Beiach ghagsetinabisks and
excellent smpoth mrror finished surface to be achieved, and further,
enables its @réaﬂphgnagn@hgmslt% be enhanced by undergoi ng cheni cal
reinforcenent. Particularly, is preferable that the
al umi nosi | i c&9@3¢] ads8 t@@ngél%SQPStrBﬁﬁ fol aamaanesisi fiskapecerdiag tonthe
contai ning Zr, |t is possible to increase . the nodulus of rigjdity
(=Young's nod@JY?fét/%'beéh?leeBPH'\?FW) 9 hé”stﬂf‘stLF%ﬁ"erm?ﬁO%@']l\ﬂﬂes“ess
specifically, as the alumnosilicate, glass 'Eels poss
pref erably ué@%rhgnghaggamvefaéﬁdﬁ 4981537'%%'? St 2nd eaéré%ﬁ@sswed
nt, t.o0 20

Toont ;i)fz S 18P BATIR oAt B "5 R8s Unel E9FHrss Rt SiBis in 2
Zr 02, 02, 5 j 6

p(rar cent l;y rrgg‘%%g'r Fegg b{%é?%lgégfiqggﬂ?%g%%mﬁqg % pt{)é@’e y of
Cahero the mastPh(GeD M 4By BELER | ufhpeird)f e”ea@fh”"‘?ﬁ the
percent by ”@%ﬁerﬁ%@t'p%rg hO Ard& CRVer Y% rMBSSs. Caf?n%% fies g;élpgiég;

percent by mass or |ess, V\/nere the total anount o

percent by megssiaté a§Scagabict be rﬁ@@hﬁ@twﬁ’ﬁa&a%él%téﬂcgi"@f%ﬁ@fmhéHethe
content of MO, and Sr0+Ba0 is O to 3 percent by nass 040] Si 02

is a nmain cogpereily reqoirsd frhpadll aeSistkedeet OMn Addition, aheo PRAREAHtion
functioning to inprove glass stability and chem cal dur abi | i ty,

particul arl y]ermgthdinr 88 sppeempostportas estidwy plerdisfd lengih of thddonger

substrate, and increase heating efficiency of the substrate due to

radi ati on. Wiéagdred oordrenndeéstdtiess viheam & Hamderd tguiadireagular 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, tan 8 is a value {(P{+P2)/(L1+L2)} calculated from stress



16 resistance decreases, it is hard to obtain glass that can be
manuf actured with stability, the viscosity decreases, and formng is
made difficult. Meanwhil e, when the content exceeds 75% nelting of
glass is made difficult. In ternms of devitrification resistance,
viscosity, formng property, etc. the content of Si02 is preferably
in the range of 63 percent to 70 percent 1By nass, and nore
preferably, in the range of 63 percent to 68 percent by nass.

[ 0041] Al 203 is,a coO nent for, inprovi chemicgl durability, while
promoting i oﬁaé%%?la%gg, Sﬁﬁﬁ%\ﬁ@ﬁ%ﬁ@'&%ﬁ'ﬂ%ﬁ’lt g]VsﬂTeeséaPW SOpnesator
by mass, the aforenmentjpned .effects not, exhj bited sufficiently,
V\%i | e when tﬁ@eMé}ﬂd ﬁ!&@éﬁ&%&‘ﬁe‘?{:&ﬁ SB'&}S%%S, the melting Y
property and devit ifiiscar%igon resi stg{i} t hegl.ass

decrease. In ter Ims 3> FhF8APE e 3Ry %gﬁqﬂ?edﬁ?dﬁiq F%%?%SB{{%QQ]?WESE

Ol o0e. oo S b RPRATEEPOR] 458ef ddpth éb@&gagijﬂp‘?’#ﬁﬁé Sh8aS ety f )
2 , i K .

3 percent 4008 barnahe RS, s @06 B, SpB[EtBa g dhetfedi B AREE Rl

Si 02 and Al 2Q3ef %nﬁ%gsﬁ%h%ﬁresl%;tlaké"r ti?r ﬁ&rr@’éd tha! 3L 8! fayer by

stability and chem cal durability excellentl it i's preterable

the total conggriciRg iBn920AtoMLEDAtaiInEH RS G GIPYs %E@I Stg'érgiass

The preferable range of the total amount i1s 76 pércent o]

nore, the nDE@bRERLE WM S BEAtdMs/BaPRGCEN atodh | TRESILQT (aFBER thaMehat
further preferable range is the range exceedi ng 79 percent by nass,

and the furt hertiver gtamef eRBL e EABYS BSsBEsPYPIEANS IMKhBBGASB! s IBSteate
[0043] Al kali netal oxides such as Li20, Na20 and K20 function to
enhance the tels isedjgrtedeaiot theothghassl, ralbfdreeimehit apsatigerithe FIS 1 is a
coefficient of thermal expansion, and provide substrates for
i nformat i on déngnadn nghomitiga theastressl prdfile fultber glaass fsubstmgaewith a
recording media with a preferable thernmal expansion property. [0044]
1 120 is a miickpees ér abhd G p@ameareado dheaidgddl of tihenline edaft tre icenter
exchange, and the content of 1 percent by mass or |ess nmakes it hard
to obtain chéhioadneg ebcampreadivgl akeshawhilg an taieakocthepteds of Yle line
stress layer and strength when the chem cal reinforcenent treatnent
i s performedX vpi PB @afen ehdeosHeehtressceetis othesr wemds, dRefilGal 1, Py
durability and devitrification resistance tends to decrease.ln terns
of perfor nanE@PTESENS A COMREBRIMa $irese rlves And Patiepresestss aatansiles
chemcally rejnforced glass, etc. the content of Li20 is preferably
in the rangeshﬁsf.‘@qld%r cz:srﬂmﬂ%r' 7'“d"té&énthbﬂﬁﬂfﬁ%PtsaﬁcFOrfBP@SS'Ve stress
preferably, i,n _the range of 2 percent to.5 percent by mass. [0045
wel | as Li209¢ Oaf@ gzcrcﬁﬂfgﬁgﬂ{s ko) t85§g?ngt£ﬁ§?ri Ry r r#'%r@é &
gl ass, and t ntent is less than 5 percent b SS, it IS
Rard to obt abRMArGRPIA piekal Mol a SNBSS (S oyl P inoredses,
per f or mance, i en..t be. t e 8 p S
chem cal durg)()%llé%%%e%és%'ﬁ%@ﬁﬁ%@gﬁgl ﬁ@]eeﬂrm EW@%&T gﬁnﬁﬁ%ea%ﬁﬂj of
chem cal durghid:j c o rey

f&.ﬂéllet gir;!;fsls;hhf%‘g?ﬁ'aw;e @ferbt}ﬂz)‘ﬁ%qn Qb@tss}blsgf%tgr %@ﬁ?eggwﬁ%

of Na20 is pretera range ercen

mass, and méﬁe@é%ﬁr%'?iﬁﬂiyia, HikthREe rsafe@et it §fﬁ§dg9?é”oc f %%’Rﬁ{ GCEtachy

mass. F_urther, as an al kal1 conmponent, K20 can be used, but since 0
i's not invol yescids ith SKFEBENERTiIE NRoRPARENSUbSrAROWUrfided SnBeasafle

by mass.
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



[0046] In addition, the ratio (Li20/Na20) of Li20 anount to Na20
anount is usually 0.5 or less, preferably 0.45 or less, nore 18
preferably 0.4 or less, and further preferably, 0.38 or |less. d ass
conponents directly contributing to ion exchange in chem ca
reinforcenent are Li20 and Na20, and an alkali ion contributing to
ion exchange in a nelting salt is the Nali2on and/or Kion. As the
nunmber of substrates to undergo chem cal reinforcenent treatnent

i ncreases, the concentration of Li ion in an melting salt increases.

Then, when a flar &5 At Sf thendisipaes (depth) tem e éUBF’ rate guae to

exceedl ng 0. 3 %reat ed mcrgﬁ{ses Iﬂ t he concentration of Li ;(on i

the melting 8Pt 888@%%& 08 EI% i d%‘?@eao?kr\ﬁfénv?ﬁé ion o

| kali i t t

Gooe not cont BN Mgt A oS TRARAE Mitsfe Anith d an s fhe.
{1

opt s i 20 ;iaaﬁ# “qséda@[?}se'%@sgoz sTEEow: aerrcs &‘?#Eﬁﬁ’” Lengﬁafqrartend

range, as

Colve saon o agifipEimBaet SCRIHOE iR Qﬁ%iaisﬂ.géﬁ%?*%f%ﬁ%&e%@?toéfem

above-ment | Orl\%iaﬁﬁﬂﬂ@ \[’Jﬂgﬁ7%t?/h/g? "i‘?dirfa'gaggﬁelﬁ hﬂ'] 8§s hﬂqffle the

i mproving the nelting proper ass ei ng a |n s
amount s, but hehRakiW etJs3bi A b“PHa&S@reaa'E%'é“ S &ﬁ?&gﬁ? e
addition in a |”§‘? ge érmunt SI nhi Bll ts ion exchan%ensa d decr eg@@s t%UCh

thi ckness of cientIBERELSSINVE ifléess | FYde HvddiRPBirdichsd fhaftidiatd

rei nforced gl ass. Accor di ngly, the content of MJO preferably ranges

fromO to 4 peicesduridce bpfor podidhen adt 80bshtCad ! doabldYout that
exceeds O percent up to 5 percent by mass or |ess. [0048] Nbreover,

si nce chem cé#hpdut alesistaycé eculs B iAgireviear ayanmmbehamreéssarmume
of MO and Ca0 exceeds 5% the total anpbunt of MgyO and Ca0 is .

preferably 5spbstrate dwiamsdayer pedion el@nnwhenptaaf €r gbincrdabepdncidret
by mass or less, and further preferably 4 percent by nass or |ess.
Further, to stiessdevofite fanchtthen coospretsaive siresd |\aaltie PHe isoltventanof
CaOis preferably higher than the content of MJO. In terns of further
i ncreasi ng cheathed thiemapsent inveintions preferable that MyO and CaO
coexi st as glass conponents. Then, by making the ratio (MyQ Ca0) of
the MyO amouf@033 t @mrdﬁ@aﬁtofprﬂéte@mﬁtya@ surface. tayaroixe evaluated
preferably 0.3 to 0.7, it possible to further increase chem cal

durability, HRinGtae 'ﬁﬁﬁﬂbé@@%m@%i BOHIRN istiess B4y peetratipodength)

Nb205, Taz205, LaﬁOB Y203, and TiQ2 are
of e '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 uym to 2 um 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 ym to 2 uym in the
substrate surface to be represented. In the invention, the length of

the longer diagonal in the indentation in the above-mentioned



conmponents for increasing chem cal durability, particularly alkali
resi stance, and enhancing rigidity and toughness. Therefore, the
total content of Zr02, Hf 02, Nb205, Ta205, La203, Y203, and Ti Q2
preferably exceeds 0% However, when the total content exceeds 6
percent by mass, glass stability decreases, the nelting property
decreases, and/or the specific gravity iAcreases. Therefore, it is
preferable that the total content of Zr02, Hf 02, Nb205, Ta205, La203,

Y203, and Ti 2 exceeds 0 up to percent by mass or less. In the
t ot al content?vaﬁH@t'BP@%M @"f‘gﬂgém Qrga.*’:?-percent by mass or |ess,

t he nore pref e range i s 4 percent s or Jess, and the
further plroef éﬁ?gﬁi rg?fgﬁ &rs Whe r@@n?nﬁggngg &h | e maip t%P"(‘iﬁ And
content, the pr E‘)ﬁerabl e l.ower .li nﬁéf? t he nor.e

Ipr ef er?_bl elo qsrﬁ”feisér?fsz'rlﬂ)léﬁlé;ﬂ{rﬁﬁg%%@ggé e¥1nt@ ' ":Bme’fﬂﬁa’:ﬁ%
| Tt i "1 pafietha B St 16 0. of Tt o) Bh T e B BRIP4 HIF T
Ta205,  Lazos espInBCBE g fen TBRGHy I O B ol Heod Pafiror
production ofgggact+an é’el*sw‘:ée.r\‘/atl@@nngﬁznglggﬁgfrcmla?ﬁé;eﬁ'ﬁn‘é%ﬂ&es

gl ass surface when the glass is i and t

conmponents ar\ﬁal@@yaahagg%gs%%htﬁ§sm%ﬁné@ Ig’gt e 'BabFHANEEmpensat

. . . or,
Accordingly, in terns of maintaining water reSistance, the content of

Ti @2 pref er abh¥tHoR1GARd t 1B HidkhessPOr GRNEubstraRss, and more
preferably fromO to 0.5 percent by mass, and no introduction is

further preferabl eattRRERbIr $2.isNP2BMpreadRe aftdsbaide] PSrisasterdi
specific gravity of the glass, and increase the mass of the
substrate, amdrddsevefuw, el ii® 4 eomprebshedeeiosg HbptheagitL Ofs Bheensile
substrate, the total content of Hf 02, Nb205, 1a205 and La203 is .
preferably i stidss depthe oThe d¢hardcpenstenicubye rESSS{1a®t Iy (e D@+ @48 Y/t N
the range of 0 to 2 percent by mass, and further preferably in the
range of 0 tads B pbacasteristicnasye Arghoven dddr kG.o02. | Adcord imglywotte glass
preferable. The content of each of Hf 02, Nb205, Ta205 and La203
preferably r&upstrate asa@rding tpdhecimvenyiomabss characheréstersabf thérarea0
to 2 percent by mass, and further preferably fromO to 1 percent by
mass, and no Sughr tatcthemppermastirontione spieste fapsirepenetstipnzigmthsis
high in the function of enhancing cheni cal durability, particularly
al kali resist@ntoOr 1888 iRahis wbaraslerissigscerve. ncMedsi iigferailni the glass
t oughness, whil e enhancing effici en]gy in chem cal reinfarcenent

Further, sinc¥bsHatemhasi AN caeaa i of | yuklo-trardanr@r(d%d Mhsthatatiso a
of the content of Zr02 to the_total con t _of Zr02, Hf 02, Nb205
Ta205, LaZOSP}‘?ﬁ)%t?”é i§ FHee Ps%ﬁ“@f‘éf‘a%r@- Zn t %Cﬁzeéﬁg'@eéfag%et kan ©
nore preferably in the range of ,0.9 to 1,. furthher preferably in.the
rangepof 0. 9% %/Bré]f:er ﬁ'cY ?]a?QWerWBFb %f 8%?}??19?[6%%']"6 Yeslstance.

e TR B s DA RO T B oe
functions o 1t IETSERLANS R AR RUOPDGRRn LA A Sbp et

essenti al CONgMUANtjs H@V\@V?h‘ wlp_efésgfognhs thg{_rﬂ?glo(rtggsgxmwa%y Had

a thinned substtate, efficiency in chemcal rein enent 1s too

high, an excepary@tefigliREC$S M Shigies (sidy evhkfe fRIATES. isangr 8! bF the
tend to occur in the substrate. Accordingly, it 1s preferable’that

the content ehafZadidrisxieeedss/e0 AEaRENInOHE bﬁéf@r@b@??&@?bc@fiéf&:%s o®lthe
| ess. The preferable range of the content of Zr02 is 0.1 percent to

5.5 percent byeagsight! owdrearsmntianFl®f 2Yrtd2thd heghtr gfigealherd awer o is

limt is 0.2 percent by nmass, the nore preferable lower limt is 0.5

percent by nmbmger) bethachbescterigtierahve Bower linit is 1 percent by
[0035] The stress profile as shown in FIG. 1 can be obtained from

the Babinet compensator method. In addition, the Babinet



22 of 0 to 0.2 percent by mass. In terns of Fe203, an introduction
anount of Fe is preferably 1 percent by mass or |less, nore preferably
0.5 percent by mass or less, further preferably 0.2 percent by nass,
furthernore preferably 0.1 percent by mass, and still furthernore
preferably 0.05 percent by nass. The preferable lower limt anmount is
0.01 percent by mass, and the nore preferldble lower limt anmount is
0. 03 percent by nmass. The particularly preferable range is fromO0.03
percent by nmass to 2 perce en the above-nentioned

0.0 b S.
Dt t1ves ar capansator Bhgarsunnait HelAln0 e onPos 16 GHATA Waress
b ti . it t hod i i.nt ducti f t
Radi tives. i hc"iawﬁ,ﬁU%Jﬁrﬂﬁfeeyowdpﬁbgééf Hie, Waddes ?S”ﬁg@ Tadbpilgngth
o beueg e WES A s Ao Tipiothe i as i e WEREL, e
. _ "ele i _
bone- vent Corbpffosl BkisCBinethohdodld! MaWRILS HetdehRgr! BRg the. optical

reacts with platid)eiRin B'f%trf'e”gmr\%' 1|8X~$@§%“&%%I€%&]§FE r%vgﬁh% .Hﬂ%c%ign.

chanber of the glass, agitatin or a ow the gl ass

be an all oy arWisiifBaaRTe HAPI%iQ8 IB‘@el?rﬁ%‘%‘ﬂ?f{m.e@@rﬁ@a&%{@ﬂge&@%tion

tube, and when these instrunents are used, is pre

suppress the jadghise &fifERHEe hdFehe |d'ég$é'§"b@d6§§?e réﬁabﬁomheﬁrgstals,

preferable not to introduce Fe203. B203 functions to enhance t

nel ting propeekis oPyladtewithahddindl sfresanNdtemy erode a fire-resistive
substance in nelting the glass. Therefore, the content is, for

exanpl e, | esgobnBaED erp@rmanmdzxuﬂa?sm and gaekesabdtraled i asrol/ldug Witk
1.5 percent by nmass, nore preferably fromO to 1 percent by mass, and
further prefdnabilyage qmoBeteiny 4toprardtfilsy FHng astdpno(2)nenadpettiom
is furthernore preferable. 23 [0055] Sb203, As203, Sn02 and Ce02 may
be used as a folmaind iséep (EbriryestepAsROFmingos dwlé qastsioon cramfesimesten
and particularly, when the substrate is manufactured through the
f1 oat met hod,(chaniferettsiurtatenforninguste pds@Dsorrhid@s6hamfetdrt syirfesesf or
chem cal reinforcenent having such a glass conposition for use in the
i nvention, tHRBespad fpertipmsyi fouteangssugdarentialy endonpadian and tioner
2.8, and prefe,rablty from2.4 to 2.6, and the glass transition
t enper at ur e rcAifgERfeseRtiakl end f oo 3o wubdacendqlistirg aplap f(ositer
480C to 520C. .[0057] The glass materials form ng the glass substrate
for use in tIRGURERENKAI NG ARSION aRY EMNATCC HATER TG @NCoRREION), (4)
materials, and ex nEI es, of the rr@ erials are soda |ine glass, soda

g

al umi no si | i $£CENGI 4RRPING H#ERo (Par HHRIBI SHERRCE @%’@?,‘n%gﬂﬁﬁ’- dfirgtc and
| ass, | hai n sili | d gl i h
;32? . ???relffs&%a%?.s bplisking %ifés?it@f?eh é%ﬁ %ﬁﬁfﬁﬁ%ﬁéﬁﬁgé&”&ﬁ?aﬁ%ﬁse&s
mmterial's cordtifoli HBE Reens £208F, thanPRaikel o ST EREET brdHy are
i nt d t i i L i it { di
point &N COSierrdind R SRR AO RS ROLERSIAIN RblREBy, SO0 U
cons derati 0@yt NergTBbiaRINROIths OTs i RBSRE R B RS RMtioned
sol ution, glass transition polnt of" the g'lﬂ ass, ere "The tenperature

preferably rfwgﬁértfésqri}c ?’@Qnglcb%séﬁp% s}EE‘&ﬁ@‘P’Itﬁgé %orﬁﬁ@siﬁﬁﬁ@r?@'chemical

rei nforcenent tine preferably rariges from hours, 1In

consi der at i oRefffo e Rt BEHEHIOAS YroddtRAA(8) BRemid® @i6Hre@ent step.
rei nforcenent conditions can be determned as appropriate

correspondi ngntethgrassrd®t eié ajlass ccatbpositRPP AndBrhapilbyi Reirfoedement
chem cal reinforcenent, it is possible to 24 increase the

conpressi ve sbnd#sons drge setr §aitsblyager tinar thenpénetratiandephdthofin t e
order of about 1.5 pmfromthe substrate surface) and to decrease the
rates of changpermosheoativasstreas uaye( conthessiaie surfess igndotensnl er

less, and that assuming that an angle between the main surface and

compressive stress in the stress profile by the Babinet compensator



as descri bed above directly or via another layer, and it is thereby
25 possible to prepare a magnetic disk. As the magnetic layer, it is
preferable to use a Co-Pt alloy magnetic |ayer having a high

ani sotropy magnetic field (Hk). Further, fromthe viewoint of aimng
at crystal orientation of the magnetic layer, and uniformty and fine
particles of grains, a backing |ayer may e forned as appropriate

bet ween the gl ass substrate for a nmagnetic di sk and the magnetic

the. magnet i o TEJEH i BrboBlte ohe! dagraiien ayeidd 8 by haisienucn
TR R N

conpr essi ve Jpggs gi sbl“‘fprsg% ?‘ﬁa@ﬁ%?%uw'g‘a@%l ayer gi(/?r%tl on” W?fﬁ amc?élf)(ﬁ
of the order flinihBuliicdte qug%é.rO'?Heh%hﬁﬂﬁgc%sriﬁéftesﬁk{{sg%abﬁﬁ %&c%‘il)ent

change in th ess va conpressi ve ress a nsi e stress

in the depth (4 ' i NS h | PR
t her eby pgssiﬁggﬁhﬂnggtrr?ﬁrr'ggg? %@?Q?gégt’se@(ﬁh?eg%n%Pg?fqus\m%%tez\ﬁ&l%%

accel erati ongt0f b2l T 2tréRQPE kO b@”eeﬁﬁé‘?mn%}‘[ géggiﬁggpi‘%génical

hi gher than currently Tequiréd inpact resistance.

next are Exanlffsreehbat.e®drachlATy, iV i$ efdrhdfd Ihat thEeILmMiRBSIREte
( Exanpl e) First, nelted alumno silicate glass was forned in

the shape of fagé tnbyindiZiect BPrtRealUfiingsifiatPBsifus bOMRInfhgezANd
barrel die, and pl ate-shaped anorphous gl ass was obtai ned. Next, both

mai n surfacegsofpédwibd atte- sinepedsq! ape uRRIMESt dRPPRIGIdItY" (EYDTINGS
and a di sk-shaped gl ass base material was obtained. 26 Then, a hole
portion was froodeldisédpdditicagaviy) of thdsubsastebase material using a
di anond cutter, and a di sk-shaped gl ass substrate was obt ai ned
(coring). In[Gdddii dvipre spebdiasdkyd asl e atursinostlidategylass, itnisi possible
conponents were 8102: 70 percent by nass, Al 203: 10 percent by nass.,
Li 20: 5 per céatprejenaddy uskatie glageewbene HPniwss 57zpoers tpef s @arcent
mass. [0064] Next, end faces of the glass substrate underwent
by mass, Al;Oz 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;, HfQO2, Nb2Os, Taz0s, Laz0s, Y2035, and TiO, exceeds 0 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), K20 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 MgQO 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



mrror-surface polishing by a brush polishing nethod. At this tine,
used as the polishing grains was slurry (free polishing grains)
cont ai ni ng cerium di oxi de polishing grains. Further, the inner
circunferential end portion underwent mirror-surface polishing by a
magneti c polishing nethod. Then, the glass substrate subjected to the
mrror-surface polishing step was rinsedllby water.By this nmeans, the
di aneter of the glass substrate was 65 mm and the substrate for use

ina 2.5-inch magnetic di sk was prepared.. [0065]. Next, the both main
surfaces of t'RESSBTEE ngﬁclﬁ%t%%s'sd{)sgr a'ﬂ%rdunt@er‘?/%ﬁ!" | fasisngthst 0 c88silRy

e e e O P B8 e PR B o 1
Cubstrate ooty et i AN, PBRh B eCPofleft SashaRorate, malfig
easen 2y o P RIS Skt o PR e,
(steam dry) @i%s%%{]?grm[rﬁgggéé;gﬁp ett@.etl*éokeaf@r\ nolsﬁﬁbgcgsfggéﬂeggﬁly in

obt ai ned gl as rate the secon potl I shin

finish the mhg BHEEASGEESITEER! 85 RYDEALEIEY Madd Sthidtenptdrehing,

agent were cerium di oxi de polishing grains finer e cefium

di oxi de 27 pokh&haRge WD persast ’@o%éﬁfer%ﬁﬁayﬁﬁ%&éhi ng step. Then,
the gl ass substrate Subjected to the second polishing step was

i mersed seqyepdipl Imz'o(} Ve Bemipdplehit ' RYPH Fd\ﬁh? ChetiBaE Widability,
detergent (1), natural detergent (2), pure water (1), pure water (23’,

| PA (i sopropwhii pedwblingnibrl BAchahgamatidy whandinesbatent! 13 astdl tha 5
ultrasonic waves were applied to each washing tank. [0067] Next, the

gl ass substr peecentbjpctmdstp thee sfooymeamitniednadfddppiang Bbepaxhibited
pol i shing steps underwent chem cal reinforcenment. The chem cal

rei nf or cemensufficie pdyf whitedvbgnthepaontegt @ xckeds @0 peeteritobg enzed, the
solution of a conposition that potassiumnitrate: sodiumnitrate=8:2
in wei ght raneatingepraperty e deHewitdficationnfesistamest ok theitglass ttend80iG,
and i mrer si n% t he washed gl ass substrate in the solution for about 4
hours. Thus, degreéassr si Mg tanwst véabatapden/amphgt ltheatieal cdirability, ion
reinforcenment solution, Li ions and Na ions in the surface |ayer of
the gl ass suB¥€hangevep@nestihectndel Neling ack@peirth Mad odeviidication
ions in the chem cal reinforcenment solution, and the surface |ayer of
the glass sulRtERNCAAE theidasscete: the eontenp@ifrdlOstie Rieferatdydndhe
t he conpressive stre1ss Iaé/er was 114 (Pm .
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,O5 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;O;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



[ 0068] Such a gl ass substrate was inmersed in a water tank of 20C for
guenchi ng, and kept for about 10 m nutes. The quenched gl ass
substrate was imersed in concentrated sulfuric acid heated to about
40C and washed. Further, the glass substrate subjected to sulfuric
acid cleaning was i mersed sequentially in washing tanks respectively
of pure water (1), pure water (2), IPA (jpopropyl alcohol) and IPA
(steamdry) and washed. In addition, ultrasonic waves were applied to
each washing tank. 28 [0069] For thus prepared glass substrate for a
nmagneti c di soufficherdt t bf Citi@ssalof efpa®sioniMarid pRSviABStsBLIFAER for
di ameter of 65 mm when the length of the | onger diagonal

(upper nost - pife imatishr esconday®r meenst patriionladrgNosiibstratedn fondaagaktien
was exam ned by pressing a dianond quadrangul ar pyram d i ndenter of
rhonmbi ¢ transoardmg awdiawith thprefetatleahermat @kpangii peopkrip0

agai nst the main surface with a pressing force of 100 g, the length
was 45. 3 pm fitdid] eskiChis oA thadstppnefEratilbecompbeeseas an atkatihenglasd
substrate for a magnetic di sk was neasured using the Babi net
conpensat or fegt hod, exaiéingee and ebhe pooténte ofiat potcainebly asaskoon less
FIG 1. At this point, assum ng that an angl e between the nain
surface and B@kgsedshard dorelitain shemigaliyl weinforoed(glass! having a thick
0) (49.1/0} was 53.8 pm and nore than the uppernost-portion stress

| ayer penet ré@mefessMgt hstreas adaver orand arpteengtha whieme the chemical
{(P1+12)/(L1+|72?} cal cul ated from stress values and stress depths

obt ai ned by teieiosasmest degaieisdt df merfrgmedinavhile s when t Hiec keeste ndf
the substrate. At this Ipoi nt, Pl is a conpressive stress value, P2 is

a tensile stPEeeedsPurerqent; shgmisahAusahility andedevigiieationfgsisiangea
tensile stress d_e th, Thus, in this gl afs sybstrate, &ihe _cog‘gessi ve
st(rjess }I\B.Sbhtleé]qsl Ot%%‘;'?@tsﬁaﬁelq ég&m pBt tR&] f"(r%”f'q’lelacdéﬁ"t'ﬁa L]Erﬁ ility
1, 5,
change i ln;"‘t ﬁ%ﬁgﬂe&tﬁ%ﬁgﬁsFqs?afﬁ‘iwﬁ?séﬁ%ﬁeéﬁﬁa@éerémg?@éSFaSssss?qt@sgwi
i . i i i nsi . [0P7Q] F
é‘?raiﬁ ® eupst r e %?%%‘aﬁpgq%?%Pa&"gE,ﬁ'tﬁﬁp%e@ SHET A Brfeet 00 2 Atoshl
Da i i VEX- 0- j -
70t "B ol rogEs i EROR ARG, (VIRE Phag p11 retbenld BhéThent

substrate fo(?yﬁ.jmneti c disk 29 in a dedicated inpact test device,
appl yi ng hal T-sine shock pulses in the perpendicular direction to the

mai n *surfacglol@wé r AsGRAMidd PPN ?@ g Qt%&néﬁgbh{ ks &ARath @REmicall

anot her condition of 1500G at "1 mITIsecont nd examning a fracture
status of theilor&6d SgRSE! aéhrﬁj e tHRIBEBhtchtdisSkes#\than' ]szts'!ﬁioerﬁ”b!y

fracture did not occur in the glass substrate under any o

condi tions. ha@éllt isUeanptalobyginExeemially 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,0 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 invoived in ion exchange, the content is about 0 to 6 percent by
mass.

[0046] In addition, the ratio (Li;O/Na,0) of Li,O amount to Na,O

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



G ass substrates for a magnetic disk were prepared as in the Exanple
except that chem cal reinforcenment was perforned under follow ng
conditions. The chem cal reinforcenent was perfornmed by preparing a
chem cal reinforcenment solution of a conposition that potassium
nitrate: sodiumnitrate=5:5 in weight ratio, heating the chem ca

rei nforcement solution to 340C, and i meris$i ng the washed gl ass
substrate in the solution for about 2 hours. At this point, the

L B ST (et
S A il Bl
pyrami d i nder{teérllf%('i?emﬁgﬁbqr@ Epggé\'f r @zg;c?”%r?” at?EDI\/éPﬁe?O'gﬁ'@%g'é’gofO
o, “the |engt HoneeRad, i AABY NG RO A #16Ene A
substrat es fq{urﬁbgp%?eé tSFstﬁ1 ((Yj"fl%[b a&ﬁeﬁﬁ"@éISFé"}chﬁrc‘é’ﬂ'?ergvﬁEg%gﬂt

as in the Ex any rac ure occur under
900 G at 0.2 r
subst rgt es un etéétéf\?%cg@%df:?#%%ﬁt{)?ﬁégoﬁsg ﬁtﬂél ﬁ%é%@%%%qﬁases.
(Enbodi ment 2phen, when! & I%F&'ﬁ( i &Lﬂﬂ E‘%gj&é%%th etrjé?ogbf"‘?;oguomago

substrate for a magnetic ment ere are

aspects i d@lgg&LUEr‘ig ﬁBEﬂRﬂ ihcréReud agttHel é%é?ﬂtpé’l‘i’or%ofdu ion in
h be

manuf acturl ng nmet 3 'and nanufacturing nethod 4 as descri bel ow.
[0075] [ Manuftpet welltheg NfineRchntd rbhfarkkBfs 8HASIHALAId e HMMERA! e

i skl 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 probiem, the ratio of LioO/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 CaQ exceeds 5%, the total

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



Manuf acturing nmethod 1 of the glass substrate for a magnetic di sk of
this Enbodi nent is a manufacturing nethod of a glass substrate for a
magneti c di sk including a chem cal reinforcenent treatnent step of

i mrersi ng a di sk-shaped gl ass substrate with a circular hole forned
at its center portion in a chem cal reinforcenent treatnent solution,
causing ion exchange for replacing relatiMely small ions contained in
the surface of the glass substrate with relatively |arge ions

Cont e, e SR 6 e P 5 TS SEL T ooy
O bt ol S E 500, Wbl B TR ot
R e et e
o e e BTSSR IR buhet T BT B e

cach disk: shafRfeflie tnatMGOhR ELD SobkisFUsahIl EohBbRBAIE! rhan,

center 31 portron Is subjected to chém ca orce réat ment

for creat: "9 By ERIRPShuCraid SMgbRIE0) | B e GO SR 8 Ghe Gag

surface by ion exchange, and the ass strates

are thereby rgReLAct y¥etdradi067] TRED . oWeR rb heréfaeabGRlI0 Byl greerens

> r [
treatment is perforned, cheimcal reinf orcerren? conditions are

sel ected so th@dsiBleded OfUFBHdrOfhcERYB clEmid Girabilify AW 158" iRFedde

the center portion of the disk-shaped glass substrate is within 0.05%
of the di anetglasefstabigitgi rcul ar hole, and that the transverse
strength of the disk-shaped glass substrate is 98 N or nore. [0078]
VWien the def dOgd8i on Zr@yunHfOb, thie,@4,r Faloxs, hioh£04,s YO hi BnB. 0596 Ohre
the diameter of the circular hole, it is possible to prevent a

m sal i gnment dampeoenis rfongireeasiy acheroimadii dgralefitypdpatiicuiatiyactkali
position set on the magnetic disk and a recodi ng reproduction track
posi tion on wkisiHancemgnet iephlasaihg uigiditanand otocigihmiessgl aBlserefore, the
substrates supporting high TPI (100 gigabits/inch square or nore).
The def or mat itetalagententoef 2r®2ci MEd, aNbhObe TiagOpr dfaaCbl V2@t Bind TiO,
0.025% of the dianmeter of the circular hole. [0079] Further, when the
transverse stieRfEblY §xggefsdt%noridowever.swhesdhplfetalocpitent eixceeds 6
distortion fromoccurri ngéi n the glass substrate inside a hard disk

drive. The tRE{§§BE Y SPRsRgIHapS piadiliyagiegraasesy dne nfrelting property
IR M= AR LW A S AT AR T S
o ansverse, S agHh by, B SEBTARARER| 8 ioe OB NS Lago,
method 2 of t\Pz 39'3% ﬁégset){c%te%szruﬁto r;')%trci:é:nt 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 Zl’Oz, HfOz, Nb205, T8205, La203, Y203, and TiOz, in



32 disk of this Enbodinent is a manufacturing nethod of a
doughnut - shaped gl ass substrate for a magnetic disk having a circular
hole at its center portion, and is characterized in that when

di aneters of circular holes of 500 to 1000 gl ass substrates that are
arbitrarily selected are neasured, the diameter of the circular hole
of each of the glass substrates is wthi %% he range of 5x10-4xA
relative to the average dianeter A of the circular holes of the glass

substiates (e bl eBRARg NG, A BRI AR PRI eriieB the

or note, and that control 1 hus “pe N manutacturi

met hod 2 of tf i tme'@é’ﬁq f J :
of each gl assﬁgﬁﬁmﬂaﬁggwg es %rr(%n’tloﬂle aﬁ%sé%g{F%%lg{H@%%Iggé)%%és
to the averagmrieAse T whtel, IR tifé LENbAEORRRE é@%d\%rﬁgggoé%ﬁﬁq

substrates that are arbitrarily selected, a msalignnment occlrs

between a reqesfidy thewadeicbsRiahcACK ARRSIdingly, SB t8FnNef MGIResintng
di sk and a recodi ng reproduction track position on which a nmagnetic

head runs, i twiteeonmssstante, the cddritent @ifﬁ@ﬁpk@‘bf@&l@&ﬁ%ﬁ@ﬁdrﬂm b oh
TPl (100 gigabits/inch square or nore), and the objéct of the
invention is peteat bgimads, ahe roepteicrablytfniemcOriow .arpsicleat oy wash,
of the glass substrates is preferably within the range of 2x10-4xA
rel ative to tdmnd nodntgductiooubdursther prdieambter A. [0082] In

manuf acturing nmethod 2 of this Enbodi nent, the obtained gl ass
substrates fc956051hadﬁi§3d.d\ldi@k, a0 ahdi hay0 s uhsteasteethe apdciflegravity
di aneter of the circular hole of each of the glass substrates is
preferably wofHhe aleGsp@ndaintresse theehasadiythe shbatrase pand therefore,
[0083] Further, the transverse strength of the obtained gl ass
substrate forinderagnel reduniag the wetahtrefdtheosybstyatey the tatab comtent of
33 the transyerse strength is | ess than 98N, distortion tends to
occur in the@pdssﬁgl@%st fa:@s iand d@:20srarRredesdlurinvthe 4anoenel Ebjad
of the invention is,not achi eved. The transverse strength is

preferably 1PSTREG: PHoNESSMEIRRmPIEerably HpHe ranaptol 8 tof pergensdy

02U B L AR Bl B ol 24 ol ELH L

the i nvent | odnisnd i, 14, fulhBiReRe a7 bletBit-as Thel B fRsitcof stk or

e Lo e L

causi ng ton SYonasse ot PrefadbRAon ho X BeRent bY ISR, ARG HhlH,

the surface ghefch8h0) Q?&rpsﬁb%rﬁ“ EeYEérﬁ 'b?l ?riéé’sel ¥nkahge ih@83uction is
i ca i e trea i an%l

contained in the chem rei nf orcenent ment “sol ut’i on,

thereby creafif8eAn6fTPrEEThYR . Stress layer in the surface of the
gl ass substrate, and is characterized in that the chem cal

rei nf or cenenfodsZat ZRQL ishighlihAhSBUnRyiof e o&h h&8ciA g B RSHi B RIThBitP
t he di sk-shaped gl ass substrate and treatnent condi ?I ons of the

chemi cal rei photladaelyt alkalntreghitafioe | xald dadehthe MRIH@DMATYNINPEasing
circular hole fornmed at the center portion of the disk-shaped gl ass

substrate i srigidity nabdo3eughnebs, divhitet @enhahclie efficdghey hol ehemiéal
that the transverse strength of the glass substrate for a magnetic
di sk i s 98 Nreinfermesenntoosbirthennsinicacther megenet lvodt 3s ddwehithan Y,03,
Enbodi nent, as in )
the mass ratio of the content of ZrO; to the total content of ZrQ,,
HfO2, Nb2Os, Ta20s, La20s, Y303, 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 ZrQO, even in a very small amount enhances



manuf acturi ng nmethod 1 descri bed above, each di sk-shaped gl ass
substrate with a circular hole forned at its center portionis 34
subjected to chem cal reinforcenent treatnent for creating a
conpressive stress layer in the glass substrate surface by ion
exchange, and the gl ass substrates for a magnetic disk are thereby
manuf act ured. [0086] Then, when the chem €dl reinforcenent treatnent
I s perforned, chem cal reinforcenent conditions of the chem cal

of the cirouichiEeD dWARLYS Parietlach alkalhreRiateS: RadipeAgaapthe
Ina that ¢ hoThfigtidod: o' dpBedaeheh: HiRubl ERb < olanheRass" lLest Jﬁﬁbgr
: | | ¢ ped gra

5 roqui red theisasY rCBTGEOPRRRICS, AR beBientngn 2Eoh & figrean
for the sane és%%%ﬁ%laggdaﬁg%eﬁf.a““ﬂdb?%\?@ h%&nd%%% bed aﬁﬁycgdu@ébd

Is preferably wthin urther e transverse sfrengt

e tont] os RN T © ol Ofhied>ATERLAAROT RfficiBnET N el sl

met hod 1 descri bed above, and is prefera or no anwhi

the upper |i Keinfbfcdifbnt iié_“tb@%i?ﬁ[ térPEkéééé’ive%%m??eé@(/Heét\'é’sfl?é’%r is
147 N. [0088] [Manufacturing nmethod 4 of the glass substrate tor” a

magneti ¢ di skbrmed, and SNeENE a6hdtbNsLdRtiROtAs PhstriR. g ﬂééor@g@g{, ag B

for a magnetic disk of the invention is a manufacturing mnetho

gl ass substr lrefdrable thagnelkl eoftsit iofCLdl) nkodetfRel @alrcent up to 5.5
rei nforcenent treatnent step of inmmersing a disk-shaped gl ass

substrate wi tpereent byuharssherdeker NEThatpreferabidtrahgeobt ithe EBnkent of

chemi cal reinforcenent treatnment solution, causing ion exchange for

repl aci ng relZaO,visl §. 1spatdentdns5.53percent by mass. In the content of ZrO,,
the preferable lower limit is 0.2 percent by mass, the mbre 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



contained in the surface of the glass substrate with relatively |arge
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 a defornmati on anount
due to the chem cal reinforcenent treatnment of the circular hole
formed at the center portion of the di sk2€haped gl ass substrate is
bef orehand grasped for each glass, a glass naterial is selected so

t hat the deformatjon anmount is within 0.05% of the_dianeter of the.
circular hol €f Bnip {bngtp???é’”ttr%)ﬁs’v@%e 40y t81gth o1 Fexfds.dpakirdragheetion
gl ass substrate duF tfo he, chem_cal reinf orcerreg%ytreat ment is 98 N
or nore, the FBPHEL Y d%%s? RfEdeiallyi d ReSERBERY i Magssiort deps: vRPre

h i I h IS f d h ign, hem cal
e o ot e 8 T, b a8y e S
f this Enbodj i f i hod 1 d i bed ab .
oSS ToBTLE ST Bl 55 SR 5
certer 2ot heha Bk RN SRS bR ELY. Boseremhnd BB Pln e

i on exchange,mﬁfedarﬁésn%%gaﬁg.gﬁ{eémg 885, 2% ARINE h e PErRbBle Jower

t her eby manuf actured. em cal reinforcemnen

treatment |s i’ 4hoeft it ' odeherdE B) REBUNT FHE J-iblR e BRLERbbIe

rei nforcenent treatnment of the circul a e forme

portion of thandeSk-rPHANED30hEcRnt WSiaakeo @.dt?ﬁgiefcﬁggr@eg{ﬁgtemr@n

each glass, the glass nmaterial Is séelected so

amount is Wi ttheadbVREMaHtidrRl dHaNRIR a@f ub88, fiisWESfed B %tr@ﬂ‘dcé{wﬁe

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

36 chenical n@tmf eigiempitratdearagenabissrPfod Or 1RDr githéhenedhea! edince
glass material is processed in disk form while the circular hole is

fornmed at théntreduetiopost ithese aadditiveschen aalnutei ghanagibduces the
treatment is perforned. [0091] The deformati on anmount of the circular

hol e i s requiefiettt @lbss wnabémnald. @o¥taihindethadi aveivveofas Nenmiritead,afor
hol e for the sane reason as in manufacturing nethod 1 descri bed
above, and i exgngiler adiligawntdienials (B8 bEuuskdr, tHoevdveansenssrseas the
strength is required to be 98 N or nore for the sanme reason as in
manuf act ur i ngmperities, theeynoubkts aviegd dndd seprif,carablaytent®rNsbould
nore. Meanwhile, the upper Iimt is not Iin‘itedJ)articuI arly, but is
nor mal | y abole 1divedied] do9Ard( ¢has alfore-atesntionsd rispeste eimenslecting
I n manufacturing nethods 1, 3 and_4 of the glass substrate for a
magneti ¢ di sK2&r@scrilpeaddbieve, Feneamdmewihadlatinumnoematingentalipy
can be used gs gJass for, chem cal reinforcenent constituting the

di sk- shaped ﬂgggsabgﬂta‘t’ mMEfiRgachamber 2t g @lags.naaitatingnwd et @r

porti on. [00?&%6 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;Osz. B30;
functions to enhance the melting property, but has volatility, and may
erode a fire-resistive substance in metting 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.



(Chem cal reinforcenent treatnent) In the invention, the

chem cal reinforcement treatnent is performed where disk-shaped gl ass
substrates each with a circular hole forned at its center portion are
imrersed in a chemcal reinforcenent treatnent solution, relatively
small ions contained in the surface of each gl ass substrate are
replaced in ion exchange with relatively2B3arge ions contained in the
chem cal reinforcenent 37 treatnent solution, and a conpressive

The ol ase. SulfF3SH R slimatnos cind: GFG: MY 0y USRAuPRG (HRfTer
doscr 1 bed pr EOVHATy. A543 IRBPREE LRy (1 RORPrEily (41d BarticOlary,
et or mat 1 on hBIR G RUSERRE 5, PR Rt BurthLalan e ToahTBetag tds

of the disk- S trate is within 0.05% of the dianeter of
the circul araﬁgﬁgg rg:lr%gt%tlﬁsz%p\t%ﬁ{g% ransverse strength of the

0=k, 2hapes G SWFRAaTgulToPInbhaGar o OmEILNARH A HEI A
r ei nf or cenengo fRAlENtfoFonght | 'iﬁeagrﬁlgﬁﬁiﬁptg%af@%%aﬁ& %F}Fvity rangses

deformati on anount of the circular h or rre e center “por

of the di sk-gBapRslIyIfR%$ sbeRE!Z 1R DB, VhhdIgtefeidbl qf)ofm[%d{ﬁ%,eénaf

the circular hole, "and that the transverse strengt

di sk-shaped gleasflasybgbhaitRr YehibeValireafges NgERBHIBE TG MNA 5TRENQE
4, a deformati on anpbunt due to the chenical reinforcenent treatment

of the circusao°b®obadimrenac fitolhe 488N Cero pROtCon of the di sk-shaped
gl ass substrate is beforehand grasped for each glass, a glass

mat eri al is X594t eTTheoglalsat miateridif fymminigothe glaes Hubstra@dAoefudden
di aneter of the circular hole, and that the transverse strength of

t he di sk- shathed imyverstiors drst nat dindited tto the afbeemeationednfatesatnt and
treatment is 98 N or nore, the selected glass material is processed
in di sk forngxamples phéheimaidrials lreesoda fiovangliass, sdda atumino silicate
portion, and the chem cal reinforcement treatnment is perforned.

[ 0095] The chelfissariyming becemsilicateclagenboransiicaiarglass) auasktz glass,
limted, and is capable of being carried out by conventional publicly
38 known neth@jdssilicale glagsplaad glasparanyca stichkas raydallipedsglass.
substrate for chem cal reinforcenment with a circular hole formed at
its center tlQ0984 efehanhddamical irednloreamenit solkibionaiusiedy faa Ghamical

Ferper at ur oo SIRRPETIERY HERGAr HER | BB IS o ePRE g As namalerias
por IIF'méh”itgfi%gﬂﬁﬁﬁu%%ii%%‘ég{iﬁé%%faq%“r%gbéﬁ@hé'ﬁBE%%L%N 9%
360C 380 6, As

treat ?rgnt bgg h?gc oéf%fgf#ﬁgq%;ﬁ{sﬁﬁ;‘? %t_%(%%ELPXK ni?t(rfﬂée,’t %&éjdu'%'?ﬁgraé%'l ;etl%s
but not 11 mis a4eh b o4 dtednieal i rBLed by HRReRraRRETHR AR ubraN Sy

bi car bonat o%t b | ABRITERAI Y1othe, VR AP (EIAB B RENPUNAOR Hss

Na ions, the Na 1ons are replaced w't Ions in l'ass 1n i

exchange. FuiriRsitionVpsihtidetid gRddENbtchahB @b 'a‘iﬁf&pirgfb?albw?a%es

ions are replaced with Li ions™and Na ions in the glass in

exchange. Furdmer3nRre tbhasbreat npattheaiddreOnthal RhechPNeimodcdment
ions, the Na ions and Kions are respectively replaced with Li ions
and Na i ons timet peefglatsly tangeznfrexehanges hdyrshiis domsid¢xehivrges rhass
al kali metal ions in the glass surface |layer portion are repl aced

wi th al kal i predaictivilgs Wntadditibar ¢ee chemicatveinfotdeen €onps editione can
stress layer is fornmed in the glass surface |ayer portion, and the
gl ass i s chem ateymireddhfay eaghropsatie scorrdspb rdiogeto gjlase maeeghias so

use.

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



[0096] In the glass substrate for a magnetic di sk obtained by such a
chem cal reinforcenent treatnment, the deformation anount of the
circular hole forned at the center portion of the disk-shaped gl ass
substrate is within 0.05% and preferably within 0.025% the
transverse strength of the disk-shaped gl ass substrate is 98 N or
nore, and preferably 118 N or nore, and 2#te upper limt is about 147
N. [0097] Further, when dianeters of circular holes are neasured in

500 to 1000 gl ass supstrates that are arbitrarily selected fromthe
ol ass substr RGEaEE, Ne RARRIESEVE S hzeéaupet%@eawt B HaYabAREAB A

SPTZLEE" of 1 REPH S anE AbET T qugtuft h terne?m%s ?%&ﬁf 'a%‘%Aand to
Subst r at es. éd%ﬁr?%se%a@%e?éﬁﬁ‘%?tﬁ efipRoe 07 Bk 52, VLES: Jeambredsd
[0098] The 0! afaSubi) fahent W daTI0GE! FolroHubaNbAGRSHE Rl SRBLIEES,

i s capable o supporiing di sks't tra ens

record is atg gﬁi‘ﬁfs 10z %gqpllg ﬁ%gsﬂfé”weébtawe %s§s§u%ﬁ%§é§tﬁaw?lr

a magnetic di I's capa ortrng a per cul ar

recording SYEEQFEct[eﬁQ%% t-HZ't t%gﬁgﬁéﬁaﬁb? Ie‘?’frgaﬁh‘?l iﬂ'lé’gfb?l?‘?ﬂ}d@trﬁorﬂﬁn

descri bed bel ow. [ Magneti netic

i nvention i ssglasagdadi 280 hy Whn%?ﬁacbe%t491 eb'rcners%wéﬁangwag

| ayer on the surface of the magnetic-disk glass substrate obtaine

any one of npRYiAGAYthEY JFPBAGRS bbtWeeft the ARSATIIESLO LA @b'ﬁm'p)‘esswe
[ 0100] The magnetic disk of the invention is capable of being 0

manuf act ur edstrgssunciessieby @Ephily byothgeBabi dtycémpaalksh it inr’éw%d is B,
magneti c recording |ayer, protective |ayer and lubrication |ayer on

t he magneti cadvalibegy asfs{1Rubst(tan &)el4aiigll idyheheemetrafiantiengtty in the
nmet hod of the invention. [0101] The magnetic recording |layer is not
i mted partuppeembygi-pbutiopr efiss| Eayeranmt etesw.e ndgnethis roacer, dithg
| ayers of Co-Cr series, Co-Cr-Pt series, Co-Ni-Cr series, Co-N -Pt
series, Co-Ncompressiverstesss aeptiCos Qrefarably SOspumAppiniarehl elraaddition,
backl ng layer are a N layer, N-P layer, C layer, etc. A carbon
‘filmand thbylpeéoraingbe @m@wla@lmﬂ@ecw@ﬂém tweostgerion @xthan geothat
the lubrication Ia¥ it is possible to use a lubricant of
per f | uor opol kit Kentaiged. in thoglashés gealacesmdty Mae inica exglvandecas

di sk obtai ned by the nmethod of the invention is particularly suitable
for magnetict f}eeilwdﬁtﬁgo ndad dhah Nk ipdeplarct Wit Kadmden eXdenas Ag
mhaneti ¢ recBIIPREOHAAEP: | %és%@!%&%%‘a&a{ Bl itberdss augtrate
per pendi cul Lﬁ%@&%%iﬁ%ﬁ%p ofedfbAre @EFlstiea on the gl ass
Tayer and maTc MERGF oflngS %&eﬁ%e ﬁ%e%égveﬂ’?ﬁ'm%%{réwﬁaﬁfﬂﬁﬁ‘ i
magnet i ¢ r eclaTH néf“?a%éfa%?é& AR RO SR e P S B flw 8
the high recatisy Bk MiERRHE ‘?"F* ﬁéses?*%f% 5P T e
monent, and pRRAeP! B BhaR)i8sE aibstReSio? % enhguetic [disknad®taiRlg to the
invention, surface roughness Ra of the end face is preferably 0.2 um
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



(Exanpl es) 41 The invention will nore specifically be

descri bed bel ow usi ng Exanples, but the invention is not limted to
the Exanples at all. In addition, properties in each Exanple were
nmeasured according to nethods as described bel ow. [0104] <d ass for
chem cal reinforcement> (1) dass transition tenperature (Tg) and

yi el ding point (Ts) Measurenent was nmadeZat a rate of tenperature

I ncrease of 4C/ mn. using a thernonechani cal anal ysis apparatus. (2)

Coe f1ci ent. Ie‘o%}sfh’]%n%a%fr?ﬁé?e?%r ARG @fﬁ*@hf@?m dneeo@Fg;l@%%ﬁr itts
d it t t ss transition i
?Enpl at ufgz%?éﬁe‘?”bL%iﬁ cus@er”ié‘?t{pe-ﬂ?”anﬁf A/E‘af‘eﬁl?eéa%tr!ﬁzglés ngmoramman
sanples o . .
Re;nr)act i ve i%&gﬁtﬁ@f ’3‘?@&%‘%&3'%#@@ [ﬁﬁﬁer,n?ro%g%%rgmm%sof
per f or med Onaﬁrﬂﬁgglaqsér)&‘?gﬂ %qie%ttaﬁoﬁatgfetﬁé %SBRS'Ei%t féry r,d%%rde%?l?focr):fnity

30C per hour.
and fine particles of grains, a backing layer may be formed as

appropriate between the glass substrate for a magnetic disk and the
magnetic layer. Furthermore, it is preferable to provide a protective
layer on the magnetic layer to protect the magnetic layer. Still
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 pm 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.



(5) A80 and AS Spectral transm ttance was neasured on

pol i shed sanples with a thickness of 10 mm A80 was obtained as a
wavel ength (nm at which the transmttance is 80% and AS was

obtai ned as a wavelength (nn) at which the transmttance is 5%

[ 0105] <d ass substrate for a magnetic di sk> Selected arbitrarily
were 500 gl ass substrates for a magnetic2642 disk, the diameter of
the circular hole of each of the glass substrates was neasured by the

LR R G AN A STC N 8
ol g et 3L (TR ) D d oS RS et
neasur enent to. |

ST, IR T LAY 480 iR
crbod ronts Qlpdd oyl AU ARl SHL TR ePERAY BBl og. 16
100" el v paeddod s LR 82000 8 AL PBLI Bl

substrate 20@.w,t8 ‘férggﬁpggqﬁaggl e 210 forned at the center, a hol der
lifting/lowering portion 140 for lifting and | owering the substrate

hol der 130 smddt t NQekt, NS fhicdsl 20k S tRASSAdsS NTRipabrdtbe FhdSHAT
hol e 210 of F)he@gl ass substrate 200, a |ight ngrilegei Vi ng r|‘oorti on 120 :

for recei vi ngnjtrae-quariRd pblisRingB9ra bdsHWdIngihg fhbfbANAAk QURY LR,
an inside dianeter neasuring portion 150 for neasuring the inside

‘di ameter of ybedcukcther pbnégingl Graagedwas bhﬂr)liﬁ@eéaéeﬁsﬁiﬁ% grains)
received in the light receiving portion 120, and a cassette 160 for

storing a pl ooatditingofcagtans ddokidier Prish2P. gtAh68] TFhather hehdolngher
lifting/lowering portion 140 lifts and | owers the gl ass substrate
200. The Ii neirtasderertialisndrpdrtied todéfveehti fitigdrisakacd pglishing by a
substrate 200. At this point, the light receiving portion 120
measur es t hendigstediccpo bs$hingemeithed! arTHeosl, ¢h2lglasassubsinatehsubjected ¢d
line laser 112. Then, anong neasured di stances, the 43
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



maxi num val ue is regarded as the inside dianeter of the gl ass
substrate 200. In this way, the inside dianeter of the gl ass
substrate 200 is neasured. [0109] (7) Transverse strength of the

gl ass substrate The transverse strength of the gl ass
substrate was neasured using a transverse strength tester (SH MAZU
Aut o Graph DDS-2000) as shown in FIG 4.2Wre specifically, |oads
were added onto the gl ass substrate, and the transverse strength was

obt 2 ned = Bl GRa A0 oS R R ALK e TR S ol B
o e Suber gl SRR 5o°\06 YERRPLbSIBng T pb LT RTRRS
I eroscope. 1Ol BIPTisrind 9, 8PS EOBRORTE S (R Behroent (1)
carbonate: Al S AGIAL PSAS SHBICENDINRE S BSLIER roprapy

obtain the oxjcd@oPPARASIPA qRt&SMSARNN ahA. W%Qh@ldl’ R BHyiE threg%%H%:O

2 kg was prepared, nmelted and clarified in a platinumpot at 14

1550C, cast WwhHvas wénaghhedhd cithegh8Hingthigl ass for chenical _
rei nforcenent was thus prepared. The physical properties are shown in

Table 1. [Olbzjext Neisi the grAR glbsafosubfianégab thel abovesnentioRsd

descri bed above, prepared were 150 doughnut-shaped 2.5-inch disk 44
lapping steps and polishing steps underwent chemical reinforcement.
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
pm.
[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 suifuric 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.



shaped gl ass substrates each having a circular hole with a dianeter
of 20 nmat the center. Specific descriptions are given below [0113]
(1) Form processing step The glass with the conposition
described in each of Exanples 1 to 6 was fornmed by a direct press

met hod, and nmade as anor phous di sk-shaped gl ass substrates. Then, a
hole was made at the center portion of edth glass substrate using a
grinder, and di sk-shaped gl ass substrates each having a circular hole

v per or el9 P B0 LT b FRHT Hhash A0S ice oot B i

i ' : 1 | shi.
Subsequent | TS i pag B 4 S08C Rt BBt By s mm.
Pl oot o YwhEHS @ AL 1 B0 {DRbel iaBbhGl (G apR AR by BfeSR

face (outer circunference and inner“cCircCunterenc

substrate wa : | ' L gh : 0.3
pmin arit hrr't%i i ?%ﬁ%@é&ﬂéu%hk@&%mag . i%qgg]&?%%ﬁ?”ﬁ ?g)fgfée%ang
Next, using ab j okal | i Onft as
substrate su?f g@ﬁ% g?gﬁﬁadrvgs%Q{ %@tnﬁg ?’ﬁ%%ﬂl%gsoaeg@erﬂﬂ)@f ?r;(ahnesv%ls%

surface was gedtibn RUAK WageRDONGIed BM 1 BB Nakd Rezges ARASE tRe 2miiih

|
Herein, the flatness degree is a distance (height difference) 1n the

vertical diregfhes véimraoPPéIéQHb%r@é [ACT @R, P et A gEN IV AS 5. Beimesnd
t he highest portion and the | owest portion on the substrate surface,

and was neasfesecthy 491 pimessue@@rethdaeastiofBNthe SRiskUsEtrate?for a
Further, For Rmax and Ra, rectangular regions of 5 pmx 5 pmwere

measur'ed by magakdisidisk ovae ntaasueedaysing ARY)B4 bingt campardatumatéthod,

Nanoscope). [0116] (4) Prelimnary polishing step
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 8, a value y of {12+tIn(tan 8)+(49.1/t)} was
53.8 pm, and more than the uppermost-portion stress layer
penetration length. In addition, tan 8 is a value {(P4+P2)/(L+L3)}
calculated from stress values and stress depths obtained by the
Babinet compensator method, and t is the thickness of the substrate.
At this point, P, is a compressive stress value, P, is a tensile stress
value, Ly 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 evaluaied 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



Subsequently, the prelimnary polishing step was carried out using a
pol i shi ng apparatus capabl e of polishing both main surfaces of 100 to
200 gl ass substrates once. A hard polisher was used as a polishing
pad. Zi rconi um di oxi de and cerium di oxi de were beforehand contained in
t he polishing pad, and the pad was used. [0117] The poli shing
solution in the prelimnary polishing st was prepared by m xi ng
cerium di oxi de polishing grains with an average grain diameter of 1.1
pminto water.In addition, the polishing grains with the grain

di amet er exdBedidfgigatad (BPAchess davire ?E?J(WE@ ha\Wl‘l‘éWet ﬁBO%IPiL%WSh(y‘
cont ai ggdm?ﬁhgﬁggﬁ{ﬂe’ld@ﬁ}'% ERelam o vae moen s qseeﬁ éf‘%ggésaﬁ?@ ths
t
the ol ase sulltr it eteBe 78 EaEH AR cheothata congehotfa A Eichbst
Co110] (5) NREREdd U e fufifg"a Mo’ el of hegy ta"sfs“%pﬁﬁ%rate
Boparat us. caoht ST g %S%%ﬁ%."ﬁ' Fiel B SRS,
substrates (r:%ggs s’ﬁb%‘f’rfattelqmdne%yr p}g&#%quﬁ%prgﬁ_pol i shing pad. [0120]

The poli shi solution int I'ni's ishing step was 46
pr epar ed by[@@ Hgg sulfuric acid and tartaric acid to ultrapure
wat er, and further adding colloidal silica particles with a grain

di anet er of ¢ &rﬁﬁéﬂt|\)§é‘lE§aﬁﬂj|é\% the concentration of sulfuric acid
in the polishing solution was 15 percent by mass, and the pH val ue

of the 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 pm.
[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
tess 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



polishing solution was kept at 2.0 or |ess.Further, the concentration
of tartaric acid was 0.8 percent by nmass, and the content of
colloidal silica particles was 10 percent by mass. [0121]1n addition,
in the mrror finish polishing processing, the pH value of the
polishing solution did not fluctuate, and was kept substantially
constant.In the Exanples, the polishi ngBZ)oI ution supplied to the
surface of the glass substrate was recovered using a drain, clarified
by renoving contam nation using a mesh-shaped filter, then supplied
again 1o the dared SHOSARY SubBfidiefutnd&SRE- conditindl of NPsP! G0t NP
processing rate in the mrror finish step was 0. pnmimn. and it was
under st ood tfffisd gbove-nentioned conditions enable the

advant ageous po?l shing processing rate to be achieved. In addition,

t he polishiggopaﬁcessing rate was obtai ned by dividing a reduction
anount (processing renoval amount) in the thickness of the gl ass
substrate r i feni sh a predetermned mrror surface by the
required poﬁ%@ﬁ%%%&c%gsi ng time. [0123] (6)Washing step after the
mrror finish poliyshi [¢N u , a
substrates were |mrhs%géﬂ§wgfl &qauneugagtugmftﬁ%n%\%é%% %41%%&5 for a
concentrati &g r p t S form
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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



found. Furthernore, any increase in roughness of the substrate
surface was not recogni zed between before and after washi ng. [0124]
(7) Chem cal reinforcenent treatnent step Next, the chem cal
rei nforcenent treatnment was performed by inmersing the washed gl ass
substrates pre-heated to 300C for about 4 hours in a chem cal
rei nforcenent salt obtained by m xing pob ssiumnitrate (60 percent
by mass) and sodiumnitrate (40 percent 3 mass) and heating to 375C
By this treatnent, lithiumions and sodiumions in the surface of
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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 TP (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



[0127] In addition, in the aforenenti oned description, acid cleaning
and al kali cleaning was performed after chem cal reinforcenment, but
acid cleaning and al kali cleaning may be perforned in washing after
the mrror finish polishing step. [0128] Further, for the gl ass
substrates for a magnetic di sk of each Exanple, the average di aneter
A of the circular hole was obtained, whil3 a rate (% of
circular-hole dianeters of glass substrates departing fromthe range
of 5x10-4xA rel ative to the average dianmeter A of the circular hole
was obt ai ned. digkt aphethisur EftIadimentadswed e mMasutativEpe t miethods Pfofa

conpressive stress |ayer and average transverse strength of gl ass
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[ : ) 1 Co tive Exanple E. E9I
shown in Tablglrclula[' %tftlaeatlJts c%%ter pomgrr\?and is chgpacterlzeg 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 contro! is thus performed.

[0081] In manufacturing method 2 of this Embodiment, when the
diameier of the circular hole of each glass substrate deviates from
the range of £5x107*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 +2x107*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 pm, and more preferably within A£5 um.
[0083] Further, the transverse strength of the obtained glass

substrate for a magnetic disk is required to be 98 N or more. When
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the transverse strength is less than 98N, distortion tends to occur in
the glass substrate inside a hard disk drive, and the object of the
invention is not achieved. The transverse strength is preferably
118 N or more. Meanwhile, the upper limit is not limited particularly,
but is normally about 147 N.
[0084]
[Manufacturing method 3 of the glass subsirate for a magnetic disk]
Manufacturing method 3 of the glass substrate for a magnetic
disk of thé invention is a manufacturing method of a glass substrate
for a magnetic disk including a chemical reinforcement treatment
step of im“mersing 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 smali 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
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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.
[00886] Then, when the chemical reinforcement treatment is
performed, chemical reinforcement conditions of the chemical
reinforcement treatment 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 88 N or morhe.
[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 normaily
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
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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
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.

{0089] In manufacturing method 4 of this Embodiment, as in
manufacturing method 1 described above, each disk-shaped giass
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
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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.

[0091] 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 uppe; 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
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treatment solution, and a compressive stress layer is created in the
surface of each glass substrate, and the glass substrates for a
magnetic disk are thereby manufactured.

[0094] When the chemical reinforcement treatment is performed,
as described previously, in manufacturing method 1, 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 3, the
glass material of the (iﬁsk-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
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known methods, for example, subjecting a disk-shaped glass
substrate for chemical reinforcement with a circular hole formed at
its center to ion exchange in a treatment bath containing Na ions
and/or K ions. It is important to perform this treatment at
temperatures lower than the deformation point of the glass at which
the melting salt does not decompose. The treatment is normally
performed at temperatures ranging from 350°C to 420°C, preferably
from 360°C to 380°C for 1 to 12 hours, preferably for 2 to 6 hours.
As the treatment bath containing Na ions and/or K ions, used
preferably is a treatment bath containing sodium nitrate and/or
potassium nitrate, but not iimited 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 pm, and preferably from

50 um to 120 um.
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[0096] In the glass substrate for a magnetic disk obtained by such
a chemical reinforcement treatment, the deformation amount of the
circular hole formed at the center portion of the disk-shaped glass
substrate is within 0.05% and preferably within 0.025%, the
transverse strength of the disk-shaped glass substrate is 98 N or
more, and preferably 118 N or more, and the upper limit is about 147
N.

[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
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manufactured by successively applying generally a backing lavyer,
magnetic recording layer, protective layer and lubrication layer on
the magnetic-disk glass substrate obtained by the manufacturing
method of the invention.

[0101] The magnetic recording layer is not limited particularly, but
preferable examples are magnetic recording layers of Co-Cr series,
Co-Cr-Pt series, Co-Ni-Cr series, Co-Ni-Pt series, Co-Ni-Cr-Pt series,
and Co-Cr-Ta series. Applicable as the backing layer are a Ni layer,
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 perf[uoropolyetherh, 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)
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The invention will more specifically be described below using
Examples, but the invention is not limited to the Examples at all. In
addition, properties in each Example were measured according to
methods as described below.

[0104]
<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, AB0 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
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disk, the diameter of the circular hole of each of the glass substrates
was measured by the following method, and the average diameter A
of the circular hole was measured.

[0106] The diameter (inside diameter) of the circular hole of the
glass substrate was measured using the inside diameter
measurement apparatus as shown in FIG. 3. This inside diameter
measurement apparatus will be described below.

[0107]) FIG. 3 is a perspective view of a laser displacement meter
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 holider 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
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maximum value is regarded as the inside diameter of the glass
substrate 200. In this way, the inside diameter of the glass
substrate 200 is measured.
[0109]
(7) Transverse strength of the glass substrate

The transverse strength of the glass substrate was measured
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 1650°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
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shaped glass substrates each having a circular hole with a diameter
of 20 mm at the center. Specific descriptions are given below.
[0113]
(1) Form processing step

The glass with the composition described in each of Examples
1 to 6 was formed by a direct press method, and made as amorphous
disk-shaped glass substrates. Then, a hole was made at the center
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 proce.ssing 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 circumierence) of the
glass substrate was about 1.0 pm 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 pm, Rmax was about 2 ym, and that Ra was about 0.2
pm. 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.
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Further, For Rmax and Ra, rectangular regions of 5 ym x 5 ym were
measured by an atomic force microscope (AFM) (Digital Instruments
Nanoscope).
[0116]
(4) Preliminary polishing step

Subsequently, the preliminary polishing step was carried out
using a polishing apparatus capable of polishing both main surfaces
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 polfshing step was
prepared by mixing cerium dioxide polishing grains with an average
grain diameter of 1.1 pm into water. In addition, the polishing
grains with the grain diameter exceeding 4 pm were beforehand
removed. When the polishing solution was measured, the maximum
value of the polishing grains contained in the polishing solution was
3.5 pm, the average value was 1.1 pm, 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 ym.
[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
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prepared by adding sulfuric acid and tartaric acid to ultrapure water,
and further adding colicidal silica particles with a grain diameter of
40 nm. At this point, the concentration of sulfuric acid in the
polishing 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 mirror finish polishing processing, the pH
value of the 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 pm/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
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respectively of a natural detergent, pure water, pure water, isopropyl
alcohol and isopropyl alcohol (steam dry) and washed. When the
surfaces of washed glass substrates were measured by AFM (Digital
Instruments Nanoscope) (rectangular regions of 5 ym x 5 pm were
measured), any adhesion of colloidal silica polishing grains was not
observed. Further, contamination of stainless, iron, etc. was not
found. Furthermore, any increase in roughness of the substrate
surface was not recognized between before and after washing.
[0124)]
(7) Chemical reinforcement treatment step

Next, the chemical reinforcement treatment was perfo?med 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 pum 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
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ultrasonic waves. Then, the glass substrates were washed using
0.5% (percent by volume) hydrofluorosilicic acid (H,SiFs) aqueous
solution, and then, further washed using 1 percent by mass of
potassium hydroxide aqueous solution. Then, manufacturing of the
glass substrate for a magnetic disk was completed.
[0128]
(9) Inspection step of the glass substrate for a magnetic disk
Next, inspection was performed on the glass substrates for a
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 ym x 5 ym were measur:ed),
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
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were the average thickness of compressive stress layer and average
transverse strength of glass substrates for a magnetic disk of each
Example. Their results are shown in Table 1.

[Table 1]
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coil

(H), (C) and (N) represent

hydroxide, carbonate and nitrate as raw materials, respectively.

In the glass composition,

(Note)




prepared in Exanple 1, magnetic di sks were prepared as descri bed

bel ow, and tests were perforned in a hard disk drive. FIG 5
schematically shows a filmstructure (cross section) on the substrate
12. [0130] First, using a deposition apparatus under vacuum an
adhesion | ayer 14 and soft nmagnetic Iayer5 16 were successively
deposited in an atnosphere of Ar by a DC H‘agnetron sputtering method.
[0131] At this point, the adhesion |ayer 14 was deposited using a

CrTi target spqbhat t a a [ i1 n 20y
nm Further,s[t hebzof tmﬁxatlén)eﬁtgirnglﬁtgﬁﬁgI%gsmggbgﬂ%g%i tqeo-c'i; és?ﬁgbgggé}Tgﬁ?k

target so t h%re&ah@eﬁ ﬂMeExé-tﬁgY@S , &ﬁa?ﬁ@fi@@ﬁﬁs Wrlbréfare B8saddbcrived
7 at% Zr: 5 at% layer of 200 nm [0132] The nagnetic disk 10

subj ected to wepasi 4h@ntadist @etdepsdbimedgnet hchhay edisk6dv@e. r eFpEed
fromthe deposition apparatus, and when surface roughness was

simlarly neasiesnlaticalyyrehbWwsna fil@r stiriiotusbe@ress seetionp® notieas0BStrate
with Rmax of 2.1 nmand Ra of 0.20 nm Wen nmagnetic properties were
measur ed usi MR.VSM (vi brati ng sanpl e magneti zation neter), the
coercive force (Hc) was 2 Ce, the saturation nmagnetic flux density
was 810 enu/ d6;138hd Surdtablsingofa deygpstion RppEeatusesundare vatom, an
[0133] Next, using a sheet/static opposite deposition apparatus, in
an at nospher e@difesdon byposi4 cand useitsgiageiefiowager 1ifackeneg suaypessively
finer pronoting layer 20 of granular structure, ferromagnetic |ayer
23 of granul #epasitast im ean natgranhereoapl Ahdx entRG| magpetragy sputtering
exchange energy control layer 36, and protective |layer 24. In the
Exanpl es, sanefwdacki ng layer 18 was a two-|ayer structure having
the first Iaygragnd second layer. [0134] In this step, first, on the
di sk subst ratl813&} e Aotheraint.aihe aghesion dayekndsyastdappsitad sising a
of anor phous N.T Ni. 40 . at% Ta: 10 at% as the first yer of the
backing | ayerCTa 1a 50 dh5t e rayet 4 was ERrRIBE TR ﬁiﬁf Tanernof &

onmagnet | ¢ (Bt - & WSRSE ol FRIEINPRBCHE Y Shr SRoRFRG CPRRSIS00F et
o b Cr vt BalAHBULP UL fod T8 et AT 180 %o
ferr omagnet | GubWt: £tho2iP8 ) 16fef DfSGY nffruct ure Wi th 15 nm The
) [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 Qe, 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,



conposition for preparing the ferromagnetic |ayer 32 was Co: 62 at%
Cr: 10 at% Pt: 16 at% and Si: 12 at% Further, the nmagnetic coupling
control |layer 34 nade of a Pd | ayer was fornmed, and the energy
exchange control |ayer 36 made of a [ CoB/ Pd]n | ayer was forned.

[ 0136] Subsequently, by a CVD nethod usi ng ethylene as a material gas,
formed was the protective |ayer 24 nade £ carbon hydri de. By using
carbon hydride, the filmhardness is increased, and it is possible to

oot l ¢ M dRONEldEng 2606 £ 1BOwLRYL twp 28R Rlctl (IS o (18 javer

magneti c hea eafter, I'cation
PFPE (perfl ughapedydided)ernas formed by a dip coating method. The
t hi ckness of the lubricdtion |ayer 26 was 1 nm By the manufacturing

steps as desgoiberl aRanes stdlS MALPEATHEUIBKk STREHIPAfCWEPEIbFHBE 4 YRfer

magneti c di sks 10 were obtained that are perpendi cul ar nagnetic

recordi ng medlith a\Wheckridsabned riHITbaRed Bamorphous NiTa (Ni: 40 at%, Ta:
10 at%) as the first layer of the backing layer 18, and a Ru layer with
a thickness ranging from 10 to 15 nm as the second layer.
[0135] Next, using a target formed of nonmagnetic CoCr-SiO,,
formed was the finer promoting layer 20 formed of hcp crystal
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



roughness was neasured in the same way as descri bed above, Rmax was
2.2 nm Ra was 0.21 nm and thus a snooth mrror finished surface was
obtai ned. [0138] The obtai ned magnetic disk 10 was installed in a
2.5-inch | oad/unl oad type hard disk drive. The magnetic head
installed in the hard disk drive is a Dyginic Fl yi ng Hei ght
(abbreviated as DFH) type nmagnetic head. flying height of the
magnetic head with respect to the magnetic disk is 8 nm [0139] Wen

recordi ng/ reF}bQGHﬁb%Q“mﬁa%Strﬁemr%dp%fﬂ{é%n?@ @agf as described. abgve,

recodi ng/ reproduction region on the main surface the magneti
by the hard dkglaxdiwase 2.2 And,eRQr a0 FoMShhy, ahdZQIQuQ'@thb_smgHﬁfr@r

i nch, excellent recording/reproduction properties were exhibited.

Further, durifiiishée siefdce waeiddiaingg. ush troubl e nor thernmal asperity
troubl e occurred. [0140] Next, Load Unload (hereinafter, LUL) tests

wer e perfor ng0188] ndTkee hustdindics inalinetec dj$K 4l wee inddallbesSins aWeIRinch
performed using a 2.5-inch hard disk drive rotating at 5400 rpm and a

magnet i ¢ headoadiunlaadl| tyipeghhed glisk adrive nmT hEhensgweticragal instadad As
descri bed above was used. A shield portion was nade of N Fe all oy.

Thi s magnet i ¢dhdilsrdwdiski ddvalis edDiynattie RinigrgeHiedg i &b tappiatatiuss DAE)
LUL operation was perforned continuously with the above-nenti oned
magnet i ¢ headypanthagneticumiead. of ALOyirencheight eoft tiesmagsietieaseaddwith
[0142] After the LUL endurance test, the surface of the magnetic disk
and the surfdespeet ththarmpanatic diskdsviene.observed by unai ded eye and
| i ght m croscope to check the presence or absence of abnormality such
as a flaw and0388] n. Whan tnesordingéiemipduekon etasts weret pegformgdi oad a
to endure 400,000 LUL tinmes or nore without failure, and

parti cul ar | y refeding/eqprogyctionoragianr en ste, ooain. skrigiceesf dhentmeagnetic
ddition, i i t f mal | d HDD (Hard Di sk Dri ,
P o o d LK LB sheni e disk virive, Tn" PeqiRcosdiNGr deRsity RberZ00
LUL tines to exceed 600 oog{@ 014%%%}‘1? the LLUL,test ‘\gere ,
performed, tQEIRRGHSOHEi 1 PXGRIENE o T88RTRe/ repRRdutHo R PEORSIiIes
ed the t t. Fur. , t ti, i sk 0 ft
Phe LUL test g eRABIBH, o PEfRErSinga dhiets UEkRelSTOSK tdhtiftnor
tain was no : ytion of the al kali netal
iorr;)onentS mghgﬁ{]gﬁégﬁ%%?{%ﬁh?gcﬁ@g%rIesent i nvention :s not
Limted t : ) _ ; I ¢ )
carri o i nt oot SOl RO AT AOIE There e LA 5 tverpBRormed

above- nenti Oﬁ%ﬂ\fbgq%dnﬁi@k dvénd 2 are capable of being carried into
practice in a cohbination thereof as appropriate. Further, the

numbers of nMeePE{F, THeZ UL I@é%eﬁr%irﬁgpé’ﬁfﬁﬁﬁ%r%ing‘% Qt.él?r‘i?weil-[)bfrﬁhﬁisk

above-nmenti oned Enbodi nents are of exanples, and e capab bel ng

carried intodphackdtalnyl 454601 @i OGS nedneBiRShe A8 ek A IHJ heidht
scope of exhibiting the effects of the invention. Mreover, "the

Enbodi ment s afes eapabMheobahrl Madifdtld @dadnhe dEAFIHE abolvB was used.
nodi fications as appropriate wi thout departing fromthe scope of the
obj ect of thé shigddtpemnion $asChdddof 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,



1. A manufacturing nmethod of a glass substrate for a magnetic disk
including a chem cal reinforcenent treatnent step of imrersing a

di sk-shaped gl ass substrate with a circular hole fornmed at a center
portion thereof in a chem cal reinforcenment treatnent solution,
causi ng i on exchange for replacing relati%ely small ions contained in
a surface of the glass substrate with rePativer | arge i ons contai ned
in the chem cal reinforcenent treatnent solution, and thereby

creating a cqpps @sguwedstd &nduray£u0,000t DELSUAC 8T Hho td itk ARStailure,
substrat e, wherein the chemcal reinforcenent treatnment 1s

perforned so drthpadticigthely et iso8uRaBNto ehdube 600, c0barubaimet BiB@rat
the center portion of the disk-shaped glass substrate is within 0.05%
of the di anetleradditiome iai usel @tvir@imentndf ti@imalhe usednsNED S@#ard Disk
strength of the disk-shaped glass substrate is 98 N or nore. 2. A
manuf act uri n@rieehod isf saidjlthat imebef raleostotera yeagsels eediised fdrethe
gl ass substrate being a doughnut -shaped gl ass substrate for a

magnet i ¢ di skiuraber hhligtimes tocekereh608,880.a center portion

t her eof wher ei n when di aneters of circular holes of 500 to
1000 gl ass sUB3%#8ht e¥henatheak blLatdsits wariel pedfermededharroageatiordidks tife
di aneter of the circular hole of each of the glass substrates is

wi thin the r&gwret Q00 NMes arimere anctheassedatie t¢stnetBurthenfthe
the circular holes of the glass substrates, the transverse strength
of each of tHKBagNALe @ﬁb%tﬂlaﬂ@s’ei eerogved ftenike LdHd teshangl inspacied,
performed. 56 , 3. The manufacturing nethod of a ?I_ass substrate for
a magnetic diX¥ 2WoPANREMAHtEISHGR 25 gnbaw And,Stginayass niedt datestedy
a magnetic disk,,is 2.5-inch_substrate, .and the dianeter of the
circul ar hol "Ufheé'a%ﬁpﬁlsgé%“ QBE'%‘F rai'f ' tﬁPFﬂF‘rPORPO‘t;Wf‘?S n,@_?ngtlced.

e ML G AT AR il gron
0 sk, shabec a5 MO oh s el AL Ber 0SB e S

2 urf ace of rSus odiosfEnEihBedn TR end Ry FRRBHMEFnlsy
in the chem qal,g6) nfar c&IRMNE {;f ngﬂqa%ta{ﬁgb %'tc?gwraéﬂ etiﬁgég fmbination

creating a conpressive stress layer hé surface o

bstrate, ' hesd iont t tdi
substrate, thereof ¥0eiEhiddrMReChen g r,(r)?fen nUnFSERN b ﬁ'ngg'ﬁt{ﬁ?gésélfes,

performed by selecting a glass nateria t he di sk-shap

substrate angrbs@sdiAENt pPe¥H dre’NS 2Rl t Beh&laemigal tHeel HfRveCHRMtioned
treatnent so that a deformati on anpbunt of the circular hole forned at

the center p@mbedingéntshgredbslexahnnes, ghassresedsiBiat 6f b&iny thimed e’
of the dianeter of the circular hole, and that the transverse

strength of phacti¢eskwithapediglsasmodifigitionse ther88f NvRhinthe. sdopeA of
manuf acturi ng nmethod of a glass substrate for a magnetic disk

i ncl udi ng a elhibiting thei effoctzeot e tineattiemt Meroder] theErhbgdmnents
di sk-shaped gl ass substrate with a circular hole formed at a center
portion thereo¢ Capablehefi baing edarfiedcémtentpractaeneiith sobdifications as

appropriate without departing from the scope of the object of the

invention.



57 causing ion exchange for replacing relatively small ions
contained in a surface of the glass substrate with relatively | arge
lons contained in the chem cal reinforcenent treatnent solution, and
t hereby creating a conpressive stress I%¥pr in the surface of the

gl ass substrate, wherein a deformati on anount due to the
chem cal reinforcenment treatnment of the circular hole forned at the
center portion of the disk-shaped gl ggngpgstrate i s beforehand
grasped for each glass, a glass material is selected so that the
deformati on anmount is within 0.05% of the dianeter of the circul ar
hol e, and that the transverse strength of the di sk-shaped gl ass

substrate due toal Hf‘ar?uhl%@tﬁﬂh rﬁiélﬁ%c@f‘%nblé&@aédﬂ(’fﬁiﬂesf&saN\n;\rﬁanetic

more, the selected glass material Is processed in form

the circul Aiskoh&uding A r@ﬁ@n@f‘ca‘l h@.&r%%@ﬁ]eqﬂrﬂrbaﬂneﬁ%téheophﬁmecr@knga

rei nforcenent treatnment is perforned he manufacturing nmeth

gl ass substyr éFsék §ﬁéﬁédr@l§@§t$&b§lﬂr§{% WAPAERBUIR KORI Brined at a center
wherei n gl ass em cal reinforcenent formng the disk-shape

gl ass SUbSbb@h@nWthBré@ﬁ # r&§Uukhkniiebe F&h%ﬂ:éﬁehhet@%’ih@ntp%dluﬁﬂn
contains in expression of percent by mass: Si 0257 to 75% Al 203 5

58%185%)mer ealRthg ¥6AleaMuite 961 PePRiM 02 1A8VERYSRTaIN R co%am%%olrg’

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 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.

2. A manufacturing method of a glass substrate for a magnetic
disk, the glass substrate being a doughnut-shaped glass substrate
for a magnetic disk, and having a circular 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.



(where the mass ratio Li20/Na20 is 0.5 or less) K20 0 to 6% MO O 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 MgO and Sr0+Ba0 O to 3% 7.56The manuf act uri ng nmet hod of
a glass substrate for a magnetic disk according to claim1, wherein
the chem cal reinforcenent treatnment is performed using a chem cal

rei nforcenent treatnment solution having a conposition with 60 percent
to 80 percent by nass KNO3 and 40 percent to 20 percent by nass NaNC3

(where 100 gper centhbyh dmsfactirihgtmkthdd o 4 e %h%ﬁaﬁ@%'rﬂﬂnfd#ﬁ@tlc
350C to 420C. 8. The manufacturing nethod 6f a glass substrate Tor

magneti ¢ digskk aeeordintgtd I&InRI2N ihe WIRr gt dd15akBRESe br tdfhagnetic
conpressive stress layer in the disk-shaped gl ass substrate subjected

to the Che@!‘lé‘fl@'lsr@'2”5£1h@ﬁ”§lﬁ‘l§sttréﬁélt gRAttHe2B%aR etd O0Y tBe. siftliRried PBY
9. The manufacturing nethod a glass substrate for a magnetic disk

accordi ng @cél Q]argslsu[g\gﬁgeénstvhq“gﬂﬂ%o%strate supports a magnetic
disk in which a track density of information to record is at |east

100-gigabit TPI. 59 10. The manufacturing nethod of a glass substrate
for a magnetic disk according to claim11l, wherein the glass substrate

supports adgper pepdhfah @achigngt metheaosfliang|$yStRiPstrate 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 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

disk-shaped glass substrate is 28 N or more.

5. 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,
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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 substirate 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.

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

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;03 5 to 20%;
(where the total amount of SiO2+Al; 03 is 74% or more)
the total of ZrO;, HfO,, NbyOs5, Taz0s, Lax0j3, Y03, and TiOs;
exceeding 0% to 6% or less;

Li;O exceeding 1% to 9% or less;
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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%;

Ca0O 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 MgQO) and

SrO+Ba0O 0 to 3%.

7. The manufacturing method of a glass substrate for a magnetic
disk according to claim 1, wherein the chemical reinforcement
treatment is performed using a chemical reinforcement treatment
solution having a composition with 60 percent to 80 percent by mass
KNO3; 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.

8. The manufacturing method of a glass substrate for a magnetic
disk according to claim 1, wherein a thickness of the compressive
stress layer in the disk-shaped glass substrate subjected to the

chemical reinforcement treatment ranges from 10 ym to 150 um.

9. The manufacturing method of a glass substrate for a magnetic
disk according to claim 1, wherein the glass substrate supports a
magnetic disk in which a track density of information to record is at

least 100-gigabit TPI.
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10. The manufacturing method of a glass substrate for a magnetic
disk according to claim 1, wherein the glass substrate supports a

perpendicular magnetic recording system.





