1 DESCRI PTI ON GLASS SUBSTRATE FOR MAGNETI C DI SK, PROCESS FOR
PRODUCI NG THE GLASS SUBSTRATE, AND MAGNETI C DI SK Technical Field

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

manuf acturi ng nmet hod of the glass substrate. Background Art

[ 0002] There are magnetic di sks as magnetiix recording nedia installed
in a hard disk drive apparatus (HDD apparatus). The magnetic disk is
manuf act ured by depositing a NNP filmon a nmetal substrate nade of an
al um ni um magnesi um al l oy or the | IESCRIPAPEIN/i ng a magnetic | ayer
and protective layer onto a glass substrate or ceram c substrate.
Conventionally, as a substrate for the magnetic di sk, alum num all oy
substrates have w dely been used. In recent years, with reductions in
size and thickness and GELHASIIBUSISTRATEE 6OR MAGMETIGEDISIgnet i ¢ di sk,

gl ass substrates h [ xcellent in flatness
of the surface and%ﬁﬁPgﬁﬁﬁ%Eéﬁﬂ?%@tﬁﬂ$ﬁkgﬁgﬁégégsgdﬂﬁ§$iBA®Eth t he

al um num al I oy substrate (Japanasg MAGNETRD DT@kent Publication No.
H09- 27150). [0003] In recent years, in the magnetic disk installed in
the HDD apparatus, the storage capacity wll further increase in the
future, and it has been required to further increase the recording

speed and 2 dou rFs @ed of the information in the HDD appar at us.
Then, to mset B‘f@ ég rements, it is required to rotate the

magnetic di SlfO@lj.H]h' gﬂw r%sent invention relates to a glass substrate for a
magnetic disk installed in a hard disk drive apparatus and a

manufacturing method of the glass substrate.

Background Art

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

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



[ 0004] However, when the magnetic disk is rotated at high speed in the HDD
apparatus, a heavy load is inposed on the magnetic disk, and high strength
(i mpact resistance) is required for the nmagnetic disk. Further, in recent
years, since the HDD apparatus has been used in portabl e apparatuses such
as, for exanple, notebook PCs, cellular tel ephones and portable nusic

pl ayers, the magnetic disk is required to have high inpact resistance such
that the disk is not broken when the portable apparatus is dropped. Thus,
required araea@@uet $gedd sk thelipso rrabednt 0 thee HDIQNgpparatiusk) Taen, o

i npact resistance higher than currently required inpact resistance.

Di scl osure aqhekbhtkRaseqqUIEERERS iBrisS@tfuitdy edtrotatertise Mdgneticvdiew &tf t he
af orenenti oned respect, and it is an object of the invention to provide a
gl ass subst riagRer @pekdragnetic di sk neeting inpact resistance higher than
currently required inpact resistance. [0006] A glass substrate for a
magnetic di g9004]t hplowesy ivileh the Miagfretitaarsk o petatedbst RRjespeedain
magneti c di sk whére the substrate has a main surface and end face and is

subj ected t qhehpIDOahpp&HdtLS! G MRV [6Rd TBNmp&ded i on GRar RdRidtredisik t hat
the penetration length in the uppernost-portion stress |layer on the main

surface is 4fhd MGHOLHIcARh_ ARfbAdRTesmEstal ishAdq@feandieietiBgRetie min

surface and conpréssive stress in a stress profile by a Babi net cOnpensat or

method is 9,q4jgkval pigrthef! in ]r_gt::@h'c‘()le?ﬂs?l)s*iﬁé@-ﬂ{é PDﬁabB‘éra?ﬂ@ﬁ%ﬁt bakinon

| ength in the uppernost-portion stress |ayer or |ess. ein, the

penet rat i on &gt pirtBf URHSITRELEROSIEAMS! HES BxbRiSle, I forRBUNIHLS! the

| onger diagonal in an I ndent'ation en a di anond quadrangul ar pyranmd’

| ndenter of 6&1Rﬂ’9ﬁe[%?ﬁ@ﬁ(@é% ‘;@tr{e%le"‘Hd%i¥§g5§ér§”ﬂ\§%8{;n%gg3@sﬁnﬁ 130

e
dotps oS e WIS AT Dot e
st valub LR v PRI SPPELANRBAOARED 1 FplTed s
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stress and t%r?i#lt@é‘%gt %@4759)6} &Wn[ ﬁBF%zﬁB'hr%@V 'igﬁi 'wﬁeﬁsﬁedszgtéﬁkce(subg?r ate are

small, and it is thereby possible to satisfy inpact resistance (for exanple,
wi t hst andi ng accel erati ons of 1500G to 2000G for one thousandth of a second)

hi gher thanﬁhelcurrenflx reﬁui red i npact resistance. [0008] In the glass
substrate for'>% %‘é'??e? é YPSKOBt the invention, the value of y is preferably

(16,£1n(5an Bl hb: bOR0EH | Ihdudh 25ReR R o1 By o
preferabl y St acoliy o8) Sl seR Bk 1 oAb Tt PR tr (e
mal N surface, MRASE & ghsd" ibiliste %oiC " Madnaths afk ReetAy Yinpact™ O
resistance higher than currently required impact resistance.
[0006] A glass substrate for a magnetic disk of the invention is a
disk-shaped glass substrate for a magnetic disk where the substrate
has a main surface and end face and is subjected to chemical
reinforcement treatment, and is characterized in that the penetration
length in the uppermost-portion stress layer on the main surface is
49.1 um or less, and that assuming that an angle between the main

surface and compressive stress in a stress profile by a Babinet

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



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 nmeasurenent

|l ength of 0.8 mMmin the circunference direction of the glass substrate for a
magnetic disk. [0012] In the glass substrate for a magnetic disk of the

i nvention, the conpressive stress depth ig preferably 50 pmor nore. [0013]
A manufacturing nmethod of a glass substrate for a nagnetic disk of the
invention is a manufacturing nethod of a glass substrate for a magnetic disk
i ncl udi ng t hgeséptioh @PRtHiintheheppeamostipd tiorestrels st lagetrmanlesiso t he gl ass
substrate, and is characterized in that the chem cal reinforcenent treatnent
is perfornmed underHgrdihi, thenpenenrdtionomgid inhetie LUippepaTEStrpd Ftion Istredsh in

t he uppernost-portion stress |layer on the main surface of the gl ass

substrate faayarnggaeleésgih If tife 4BnfePmiRigdresisin andl ind@intatsnmvh@ri kat an
angl e between the main surface and conpressive stress in a stress profile by

a Babi net cafipensad oquaRiraagulsr 0. pyramlide ind@hter of rhombic transverse
{12t I n(tan0)-F(49.1/0)i st hepenetrationl engt hi nt he upper nost-portion stress

| ayer or | esgection with Vel anighés RENELZW0’ Bhd 43@hisi prddiRd against the
uppernost-portion stress layer is a length of the |onger diagonal in an

i ndentation waem $udhe8ORRthddapressinlaiord af qiobngs%ﬁh%r t&h @Nhenki galue
transverse section with vertex angles of 17230" and 130 is pressed agai nst

the main sur P’QEE}Q’?I‘(D@LBF%éWaMﬁ CRo R &99?Q1vél%st AHhd dteds V@dépths

{(E1EP2)/ (1-11- cal cufate rom stress values and stress depths obtai ned

by the Babi AebtefAEBC YA Blo "BhBRfet WinbBRshtep methbekngss the' M is
o) l'ue, P2

substrate. Pl Is a c ressive stress v Is a tensile stress val ue,

5L1isac } , and L2 is a tensile stress depth. [0014]
Otrﬁ?ﬂ?@ééé’ of %gé%ﬁﬁb et

According to t met ho e conpressive stress is high in the surface

|ayer portion (w i, 3 depbihieskie QR 9hIADOBY id-& 1ALAE WELe vaus! rat e

surface), rates of nge 1IN the stress ues (€onpressive stress and

tensile stressis Enc%rﬁg)rggé’i% eré%%tdé;&thiél’%{scfﬁétigga f%n‘r?éi‘ié e BeBg}?.'SL1 and

it is thereby possible to obtain glass rate r-a magnetic
N o S R R R
e e T TEhE:FOAne BRI TR BN O 1 B or et
{16. 4In(tan @5 iﬁn“f?b“ q}\'e substrate surface), rates of change in the stress
values (compressive stress and tensile stress) in the depth direction
inside the substrate are small, and it is thereby possible to satisfy
impact resistance (for example, withstanding accelerations of 1500G
to 2000G for one thousandth of a second) higher than the currently
required impact resistance.
[0008] In the glass substrate for a magnetic disk of the invention,
the value of y is preferably {16-tsIn(tan 8)+(49.1/t)}.
[0009] In the glass substrate for a magnetic disk of the invention,
glass forming the glass substrate for a magnetic disk is preferably
aluminosilicate glass containing Zr.
[0010] In the glass substrate for a magnetic disk of the invention,

surface roughness Ra of the main surface measured by an atomic

force microscope is preferably 0.3 nm or less.



[0016] I n the manufacturing nethod of a glass substrate for a magnetic disk
of the invention, glass formng the glass substrate for a nagnetic disk is
preferably alum nosilicate glass containing Zr. [0017] A magnetic disk of
the invention is characterized by having the above-nentioned gl ass substrate
for a magnetic disk, and a magnetic |ayer, provided on the main surface of
the glass substrate for a nagnetic disk directly or via another |ayer.

[0018] A nmanufacturing nethod of a glass substrate for a nmagnetic di sk of
the inventi gooHg]a MENHEIHEE SLBRTARAfOF admBgfeiS sk loAtth ef RiventiBrgnet i c
di sk including a chem cal reinforcenent treatnent step of imrersing a

di sk-shaped (|rp56e TBRZHNRSE Rl f théidridFace 8! referamy @2 Lhd 0Fa8ES in
portion in a chem cal “rei nforcement treatnment solution, causing ion exchange

for replaci ng mehatirerkht SIERigth| N9, §oMndi iRethé eiF@m$eFd e difedthen Bfass
substrate with relatively large 6 ions contained in the chem cal

rei nfor cenenhet glRakMRhsFatd!fb PR maghetitef/fky creating a conpressive stress

| ayer in the surface of the glass substrate, and is characterized in that

the chem caligpgi2 fo[ﬁ?ﬁsof‘g?latsrseéh%ﬂfaté SolP €A frﬁégrﬁ@ti%odHT@bf%h@efrﬁ{ﬁ'f?[(d_rﬂ”

anount of the circular hole fornmed at the cent portion of the shaped

gl ass Subst iRbecirmotbbue OnBSHAlpHE haErhely 8D ihFoPiGH,ar hol e, “and

that the transverse strengt shaped gl ass substrate is 98 N or

more. [0019] 061@‘1‘?‘“&21%%@8%%@2@%&@o?'é‘@?aéé’%?}b[]sﬂ@ef r 8 dﬁggﬂ%ﬁiicc di sk

ofbt he inv](ca tron’is manuf a _ od of” a doughnut -'shape ass
t t . , \ . t ,
Zlﬁdsi B 3’2?&(?@%!??W%ﬁ*a?ﬁm'ﬁi%'ﬁ?aﬁﬁ?ﬁﬁm metich 8 %é?%%%ﬁ%@%‘*%o' 280?
Phe.ci rcur arohore R SHR . Mthing, b7 530", EFLRPRMng, SRR ©
5x10- 4xA rel ati [ [ | h
ol ass subst A ETobMe i uREFREE € PR ofhsSrlotindist LA0Y R PieReelis N or
TP g TALLGRCHER) sierh S BEPESE oot “FRBMRGRTs TROHDERRYY WP s
h h I : £ i.¢ disk i 2, 5-1i d
that the di SOy BRBalfbes ROnanator it civeiitatehns b idth™ L\ aco
pm [0021] A manufacturin rreihod f a glassg substrate for a netic disk
of the_inge%ﬁ%ﬂ?gz_'pﬁﬁ“af‘ﬁé r_&ﬁsriamﬁ%fa the gierddase: P&?ﬂ%?gl_ags |

t . . t t t t .
2 di sk- Ehabiswﬂﬁaqﬁgﬁe li%”%e?mf%@"%ﬁﬁ'%'?E?r%ﬁgﬂe"ﬂqfefe?? AtReERssu SEEL or
Por  ropl aci 8o A enads PMEEN ToRdnalheutake PAY FOTHERSRE BresioPase

substrate with relatiyely |arge jions contained in the, chem cal reinforcenent
Croatmont SAHURTOBIONE Yhdh HgDIRso PN BELOd St Pect VAIYRrY (4 t o

surface of t | ass subhstrate nd.is characterized in that the chem cal

rei nf orcerrer{geét'?'é%&ﬁﬁnt téié'(gér’if/&ﬁrredsby?'%%l ePENRJraligN astenSther i A dhet he

di sk-shaped gl ass substrate and treatnent conditions of the chem cal

rei nf or cemerdPREEROFERPIYBN I HERSS |A¥SLPHE®$HN anmount of the circular hole
formed at the center portion of the disk-shaped glass substrate is within
0.05k of the di andi@ieips thaeneltatian lemnath ianhe HRPermOstrRA AN stressy engt h

of the disk-shaped gl ass substrate is 98 N or re. [Q022] A .manufacturing
met hod of a lgVgEsiSs bgﬁ'?%@\e o?heﬁﬁﬁgﬁéﬁ@gmaqu & éﬂﬁﬁb&aﬁ%nw}w@naa
manuf acturing nethod of a glass substrate for a magnetjc disk.including a
chemical rei ?Hi%’é‘ieﬁf’af’r’%g%%{t sP¥ba'6‘F§i RS _ieNg dh@ﬂ%ﬁaﬁ%ﬂ%‘f%’%
substrate with a circular hole fornmed at .its center portion in a chem cal
rei nf or cenerﬁeqtf%t"‘f’rﬁht\’eﬁﬂ)%?f@iﬁs g‘idﬁn&q &F%Héﬁadgé’ﬁe@rserdeﬁgﬁmﬂgthe
relatively small ions contained in the _surfa eigé theagl ass substrate with

rel atively ITBAHE SWHCR WA AeBressinge fRicemiotal 0P e nfiBEcER Rt 18raY RIS

solution, and thereby creating a conpressive stress |ayer in the surface of
the glass subButBed( aﬂetz)ﬂscé%é‘r'%@derff(i% streghatalyegePHdrdtrats LRRIMS due
to the chem cal reinforcement treatnment of the circular hole fornmed at the
center portitabhed hdydithie- Babmetgicesprensatoatmeatiodes aPEhdR8 dr d8p&d f or
each gl ass, a.%ass material is selected so that the deformation anount is
wi t hi n 0. 059%igkners of dhetsrbsdratene

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



8 circular hole, and that the transverse strength of the disk-shaped gl ass
substrate due to the chemcal reinforcenent treatnent is 98 N or nore, the
selected glass material is processed in disk form while the circular hole
is formed at the center portion, and the chem cal reinforcenment treatnent is
performed. [0023]1n the manufacturing nethod of a glass substrate for a
magnetic disk of the invention, glass for chem cal reinforcenent formng the
di sk-shaped gl ass substrate with the circular hole forned at its center

portion prefler @bm}ﬁﬁt@«}mei stre¥drRFho A LPes Getdndlle Rbiess Sephb.7- 75%
Al 203 5-20% (where the total anount of Si02+Al 203 is 74%or nore) the total

of Zr02, Hrqammg,zom;csaan@ td tA%) InethddB, thndo Pt siee asdr@ds 080High6iYp or
| ess; Li20 exceeding 1%to 9% or |ess; Na20 5-18% (where the nmass ratio

Li 20/ Na20 i ¢h@ Suffaclerfyer<gOrtfo®iwitt@ 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 obtain glass
substrates for a magnetic disk satisfying impact resistance (for
example, withstanding accelerations of 1500G to 2000G for one
thousandth of a second) higher than the currently required impact
resistance.

[0015] In the manufacturing method of a glass substrate for a
magnetic disk of the invention, the value of y is preferably
{16-teIn(tan 8)+(49.1/t)}.

[0016] In the manufacturing method of a glass substrate for a
magnetic disk of the invention, glass forming the glass substrate for
a magnetic disk is preferably aluminosilicate glass containing Zr.
[0017] A magnetic disk of the invention is characterized by having
the above-mentioned glass substrate for a magnetic disk, and a
magnetic layer provided on the main surface of the glass substrate
for a magnetic disk directly or via another layer.

[0018] A manufacturing method of a glass substrate for a magnetic
disk of the invention is a manufacturing method of a glass substrate
for a magnetic disk including a chemical reinforcement treatment
step of immersing a disk-shaped glass substrate with a circular hole
formed at its center portion in a chemical reinforcement treatment
solution, causing ion exchange for replacing relatively small ions

contained in the surface of the glass substrate with relatively large



CaO exceeding 0% to 5% or less; (where the total anmount of MO and CaOis 5%
or less, and the content of CaOis higher than the content of MgyO and
Sr0+Ba0 0-3% [0024]1n the manufacturing nmethod of a glass substrate for a
magnetic di sk of the invention, the chem cal reinforcenent treatment is
preferably perfornmed using a chem cal reigforcement treatment 9 solution
havi ng a conposition with 60 percent to 80 percent by nass KNO3 and 40
percent to 20 percent by nass NaNO3 (where 100 percent by nass in total) at

a tenper at urignsad@htzdnédam ) chiepni¢ad CeirlfoPeSinghtttheatrpant aatiutibAY aet hod
of a glass substrate for a magnetic disk of the invention, a thickness of

the conpressheeebyr ersatimyes tomipresdivek-siregedagbasin shessueheesudj et ed to
the chem cal reinforcenment treatnent preferably ranges from 10 pmto 150 pm

[0026] I n thegl_@%@uf 8GbSfriate, Miniod i9f charagserizelst it hhor theMgnghiieadi sk
of the invention, it is preferable to support a magnetic disk in which a

track densi tpsjfforcBhfemBtiedinieht’ RCQPeFfdriéd d¢anht HedbmationBmol®O027] 1IN

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

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



magnetic disk of the invention, it is preferable to support a perpendicul ar
magneti c recordi ng system Brief Description of Drawings [0028] FIG 1l is a

diagramillustrating a stress profile in a glass substrate; FIG 2 is
a diagramillustrating a relationship between an uppernost surface |ayer
stress penetration length and tan O; 7 FIG 3 is a perspective view

showi ng a structure of an inside dianmeter neasurenent apparatus for
measuring an inside dianmeter of a glass substrate for a magnetic disk in the

invention; formed BtGts &arstevi portidrovinng aheatieahtreinfetrcantantetrefatment
transverse strength tester for nmeasuring the transverse strength of the

gl ass subst rsatietibn; causiggetion dxkskanget fer irepéadingnrreattvdly Gsntall Soas
di agram showi ng an exanple of a configuration of 10 a magnetic disk

accordi ng t @omairerdadi tirensuefadeefi tieeqla o5 .subssiatbdeatt oeldtarglyi lggeut the
| nvention [0029] Enbodi nents of the invention will specifically be described

bel ow wi t h righsresmained aaap@penmigadf&infotse mehimeshtieent dblution, andA
gl ass substrate for a magnetic disk according to the invention is a gl ass

substrate fahepebposrRidtidiflcdmpraéssind strexshaagediinktit isgfaE®Ddf tpec. for
exanple. The magnetic disk is, for exanple, a recording nedi um enabling

hi gh- densi t 1585 or §ity 9Bt eS| gaﬂbs [ Rearaesiiasd ang raodused demial
per pendi cul ar nagnetic recording system Further, the glass substrate for a

nmagnetic di Srlémf%rBBHérM t‘#éﬁﬂnéﬁf id p%‘rfé‘t‘?ﬁe&v@ﬁ%b!é‘ctﬂhé@g% fateritt bf

magneti c disks. [0030] In the glass substrate for a nagnetic di sk according

to the 'nveflhboﬁl|sﬁ%%a%2ﬁtdl%%0%u|b%@éﬁt6 iahd h?eéﬂﬁéh@één@ﬂfdd@%ﬁtthésS
| ayer on the nmain surface is 49.1 pmor |less, and when it 1Is assuned that an

gngggl Pét “ﬁ?ﬁérﬁ%ﬂ&nﬂc%%‘?énﬁ@%é’l‘?ﬁ@ﬁ?%ﬂ YRafld Tolmatiol ra‘?ﬁéuﬁ} Qjfi ' e by
npensator nmethod 1s O, a value y of {12tIn(tan 0)+(49.1/0)
the penetrathgnci @8 Hdle! f¥rmed at the center portion of the disk-shaped
glass substrate is within 0.05% of the diameter of the circular hole,
and that the transverse strength of the disk-shaped glass substrate
is 98 N or more.
[0022] A manufacturing method of a glass substrate for a magnetic
disk of the invention is a manufacturing method of a glass substrate
for a magnetic disk including a chemical reinforcement treatment
step of immersing a disk-shaped glass substrate with a circular hole
formed at its center portion in a chemical reinforcement treatment
solution, causing ion exchange for replacing relatively small ions
contained in the surface of the glass substrate with relatively large
ions contained in the chemical reinforcement treatment solution, and
thereby creating a compressive stress layer in the surface of the
glass substrate, and is characterized in that a deformation amount
due to the chemical reinforcement treatment of the circular hole
formed at the center portion of the disk-shaped glass substrate is
beforehand grasped for each glass, a glass material is selected so

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



uppernost-portion stress |ayer or |less. Therefore, the glass substrate is
capabl e of neeting inpact resistance higher than the currently required

i npact resistance. In addition, the penetration length in the
uppernost-portion stress layer is a length of the |onger diagonal in an

i ndentati on when a di anond quadrangul ar pgram d i ndenter of rhonbic
transverse section wth vertex angles of 17230" and 130 is pressed agai nst
the main surface with a pressing force of 100 g, tan 0 is a val ue

{ (P1+P2) / (L1cik@)(archbryl ahddthapoihet trassveldevetreagthndf sheedsskiepaiped
obt ai ned by the Babinet conpensator nethod, and t is a thickness of the
substrate. glass sub%trate duPPrtaeschemitalepsiniafcemeR? ticatinérnsd 198 BEress
value, L1 is a conpressive stress depth, and L2 is a tensile stress depth.

[0031] In ther glcres thebsélerted sylbisecinedekial ¢h@roeaksed inf @rskefmnh, wiHike
conpressive stress layer is formed in the surface |ayer by replacing ions of

atons cont aitmed cireul fie hall@sis ferineadat ke dt@aterspbetioAl @nd thel OREMaEaRt 0N
having an atomic radius |arger than that of the atonms. FIG 1 shows a stress

profile in thgn@ragmentbeadin@nthypsdipeted to the chem cal reinforcement
treatment. FIG 1 is a diagramshowing the stress profile in the glass

substrate wi[op2s]t h'lﬁkﬂ‘i’ésniaddTaEhﬁmé st hdde D @ td!ﬁsé' 8ibsfthté Mo iane X
at the center is an area of conpressiVe stress, whil'e an area to the left of

the line X ig3meticediick bENgid Qn%hﬁ%ﬁ 'gleﬂié‘%r""@h@%lcbﬂ r%'uﬁzfor%enﬁ:’ént

represents a conpressive stress val ue, represents a tensile stress

val ue. Furt hgymih tﬁb%w%—sﬁépéﬁ%l%%%r%] ﬁré&?ﬂhﬁ?%hé‘%lﬁ?dlﬁ?%o‘i@%ﬁme@nd L2

represents a tens | e stress ept e area of conpressive stress, as t he

conpressi ve st [t8Sse %ruﬁoﬁi{oﬁ rb?{e?%?cﬁg 6@ﬂ£ﬁ9r|ﬁee9gré%|8f106f3 ept %51{ ?Jyom t he

hi gher. Further, int area of stress, the distance (

substrate s%fag e to the stress profile is a distance such that a fracture
occurs when a crack reaches the stress profile fromthe substrate surface,
and as the d§R5h |r§ FERE6S, the glass is harder to break. [0032] Fromthe
vi ewpoi nt of act” resi st’ance (fracture-proof), when e represents a

gr adi ent of Apg(ﬂstrmqacoh | e (angl e between the

(where the total amount of SiO;+Al,03 is 74% or more)

the total of ZrO,, HfO,, Nb,Os, Ta,0s5, La>03, Y03, and TiO,
exceeding 0% to 6% or less;

LioO exceeding 1% to 9% or less;

NazO 5~18%;

(where the mass ratio LiO/NazO is 0.5 or less)

KO 0~6%;

MgO 0~4%;

CaO exceeding 0% to 5% or less;

(where the total amount of MgO and CaO is 5% or less, and the
content of CaO is higher than the content of MgO) and

SrO+BaO 0~3%.

[0024] In the manufacturing method of a glass substrate for a
magnetic disk of the invention, the chemical reinforcement treatment

is preferably performed using a chemical reinforcement treatment



mai n surface and conpressive stress) of fromthe area of conpressive stress
to the area of tensile stress, it is preferable that 12 tan Gis |arge,

i.e. the distance (depth) fromthe substrate surface to the stress profile
is large. This is because a stress variation of fromthe nmain surface to the
inside is noderate when tan O is large, arRd it is possible to effectively
suppress a crack that tends to extend against inpact of a short tine
(two-thousandths of a second or less). Meanwhile, when tan 13 is increased

in the stressolption havind'a coMpRstbrewRh 68 Dereene tB180Igdreantby mass
consequently. Under such circunstances, the inventors of the invention

directed attNQPaAP 40 HEFceriuid 2@ bémntp@l’yt inPAss NNEND s URdidrt @ 00
surface, found out that inpact resistance can be inproved by increasing

hardness of péreHbBYr Afas s fatal) aved teaipeé@nuey erandlag fran 18505C to
increased in the stress profile and the conpressive stress value Pl is | ow,
and reached g4pg°@resent invention. [0033] The hardness of the substrate
surface layer is evaluated using the length (uppernost-portion stress |ayer

penetration jogpBih) |af th@erﬂé}ﬂ%rctﬂihngoﬁ?étﬁda & iahdanRtst saBswiaee fodizamond
guadrangul ar  pyram d i ndenter of rhonbic transverse section with vertex

angl es of 17g3neanddisiOof $h€rlﬁ$éﬁﬁoﬁ93d ffickhB8s® thes BbhAsR sV s@repefsess' ng
force of 100 g.” According to such an evaluation nmethod, it is possible to

indirectl y fl%l@zfe‘?sﬁﬂfthéh&s'kaéﬁélﬁéé d?qﬁas% ShbRteief §G§Jéc§t¥6ftd/"'th6 enkhiekness
of about 1 pmto 2 pmin the substfate surface. In addition, the evaluation

FEH‘? ng]{ hé?iﬁ'ﬂ%ﬁ%ﬁﬁiﬂfy’“ﬁé?ﬁ"ﬁ“%%q AR fRrRURE LS i (e 19, 1ot
Sur fage. ace[e O?e%r esent eg PerrﬁWé%?&nHéntl on, hdgrr}ae |§RQ"};UBREHA%SFB}SH ae

surface to b n the 1 nv | onger

493 pm or 1 BEEETAIR-P T b”'"”%ﬁéﬁ’qﬁn a%*ﬁf?a@eﬂéfﬁéﬁhﬁ%' R
cesumed 1o ba. 18 YRIGES TRCRIOBPRIY ST O G EENpRS To FERERE phr TEaseC 1 ©

penetration Lg E nt-jz-? upper nost - port| on stress |l ayer or Iess. Tan 0 is a
val ue {(P1-F ?%5 f + T cal cul ated from stress val ues and stress depths

obt ai ned by fdﬁﬁab'lﬂetthgomc))aleﬁr}fﬁtcgﬂnﬂgt WSh A b ;IQPEhEEBQﬁ%?eOF(}fZ

substrate. At this p a conpressiv ress valuée

Strass dopt AT Hnadlsks of SHTE RIRIRNF. § i (18° P i3] doa et gz 1o
ceording © G BT P @hﬁﬁ*sﬂ" of The area such that the
charactori St PRl RO RAPA YRAAFIRIS ™ | R QFQEZ“SLES??aSeOLaLeZﬁ area of
A descri EZS{@@O@“%% o o5 8 ohaatBT ARG oy afreeC el R g ot ure

resi st ance. & g in the glass substrate according to the invention,

FIG 2, it |§ %Tc‘ pl§abl e that t he uppernost-portion stress | ayer penetratlon
| ength is 49.1 pm t hat t S subst haracteristics
to the right (si de'g(lﬁei '?aﬁ lagrqm, gﬁﬁqr%ffsnghé éﬁ 'Psg) WEEN\ @™, and

The ront (onBberRget Safied 1y °ﬁfrat§?5ep%$éet?ﬂé5bﬁlgpge m%?%"%h?é'% Yt

the r1ght (svaéémgﬁé%
[ 0035] The stress 'rpkﬁ'eb as shownt ]Tté n be o taltned ffr omthed
Babi net conpensat o h§da I REZRAS |V§nv"?\ﬁe BlHe@ structure of-an inside
diameter measurement apparatus for measuring an inside diameter
of a glass substrate for a magnetic disk in the invention;
FIG. 4 is view showing a schematic structure of a transverse
strength tester for measuring the transverse strength of the glass

substrate for a magnetic disk in the invention; and

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



19 conpensator is an instrunent 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
mut ual |y perpendi cul ar, and the optical axis direction of one novable wedge
is along the novabl e direction. This instygnment has w dely been used for
exam nations of retardation in phase difference and the degree of double
refraction in crystals, tests of glass with internal stress, etc. [0036] The
manuf act ur i ng nedghétic gliskacodrgdingte drie pholyd diedent bh thd)insbagenpr ocessi ng
step and first lapping step, (2) end portion form ng step (coring step of
form ng a haBespMddefor Canjiag OutIhepnivemisrer ed surface form ng step) of
form ng chanfered surfaces in the end portions (outer circunferential end

portion and [002¢)] CEMSbodRNENtd af thedimaritiom)wil SpeerficdIRc ® epaleisghibea St ep
(outer circunferential end portion and inner circunferential end portion),

(4) second |p@BMWIWit edfereben® BceoripRARiRG!drdWingsstep (first and second
polishing steps), and (6) chemi cal reinforcenment step. In addition, the

steps except(EriBoaifen¢al) rei nforcement step are performed under conditions
that are generally performed. [0037] To obtain the glass substrate having

the above-nentionesl preper§uBstraté For n@“ﬁﬁé?ﬁé‘tibo disk hBeosdidgs @onkesi tion
and chem cal reinforcenment conditions properTy in (6) chem cal reinforcenent

step. In ot hayewdodSis Tahgléﬂsa%b@%@@%friQ%é@ﬁeﬁb%‘i‘sk@'ns&é’[l@&%Cgrfﬁé’rtd
conditions are set suitably so that the penettation length in the

upper nost - padiskORIrife QDAY S8tcONfé NS MEPISUT f 7A8 infadfeficP@iok fseSfor and

t hat assumi ng that an angl é between the main surface and conpressive stress

in the stressygn Q%I eabyeéﬁﬁdiﬁﬁbirﬂéﬁi&ﬂ”%mf&gpﬁ{]&% & | hif§rmativd ue y

of {12tIn(tan 0) 9.1/01 Is tHe penetration e “upper nost - portion

stress |ayersg; ha!lfs?o [@3%&,@%%”2@%! ,;E(P;o}‘d?gd@d"gb hghg! aﬁ%qpsém?ibﬁ

: : °
i ncl ude alum nosilicate gl ass. ate gfass enabl'es excell ent

Smoth 11 ol BN ARG AFCo U A ACRUBHRA, B LMIMSun Rl Sfor L

breaking strength hced by undergoing L
reinfor cemer}ga Pt Udidk! Ys. 'rﬁafn‘“f)épﬁ‘étaﬁr Fgk-e 1t.§9hchh%§gH§$i@0ﬁigk§ata‘ﬁogl ass

contains Zr.By~the alumnosilicate glass thus containin

2.5-inch magnetic disks.

[0030] In the glass substrate for a magnetic disk according to the
invention, the penetration length in the uppermost-portion stress
layer on the main surface is 49.1 ym or less, and when it is assumed
that an angle between the main surface and compressive stress in a
stress profile by a Babinet compensator method is 6, a value y of
{12<teIn(tan B8)+(49.1/t)} is the penetration length in the
uppermost-portion stress layer or less. Therefore, the glass
substrate is capable of meeting impact resistance higher than the
currently required impact resistance. In addition, the penetration
length in the uppermost-portion stress layer is a length of the longer
diagonal in an indentation when a diamond quadrangular pyramid
indenter of rhombic transverse sectfon with vertex angles of 172°30’

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

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



is possible to increase the nodulus of rigidity (=Young's nodul us/specific
gravity) of the substrate. [0039] More specifically, as the alumnosilicate
glass, it is possible to preferably use the glass where Si02 is 57 percent
to 75 percent by nmass, Al 203 is 5 percent to 20 percent by nass, (where the
total amount of Si02+Al 203 is 74 percent jby nass or nore), the total of

Zr 02, Hf 02, Nb205, Ta205, La203, Y203, and Ti Q2 exceeds 0 up to 6 percent by
mass or |ess, Li20 exceeds 1 percent by nass up to 9 percent by nass or

| ess, Na20 ivalbepeaerntstrosd 8dpetisenbblyingas by Whey eBabmatasdmpehsator

Li 20/ Na20 is 0.5 or less), K20 is O to 6 percent by mass, MjOis O to 4

percent by magsthodashaxcisedhtkiessLobtineiseystrdte. mass or | ess, (where the
total amount of MO and CaOis 5 percent by mass or |ess, and the content of

CaO i s higher tharpt heacoskiressivéVitlessangliud,0PBad d sefsil® s3réxy ¢anie by
mass. [0040] Si02 is a main conponent formng the glass skeleton, and is a
conponent fuyncid aridipt&s$iver siresgldsithstartd LL iy satehdsiestieds depabi lity,
particularly, acid resistance, decrease thernmal diffusion of the substrate,

and increasqobsati nth ¢héi §ladRC¥ubstraie sut)etiad QodeemPcaRidinfdbriEm¥hen the

content is less than 57% devitrification 16 resistance decreases, it is

hard to obtahe WomiprédileCairdd® MaNEFaR WoPmed tih Shabidurface LR er B8OSI LY
decreases, and formng is made difficult. Meanwhile, when the content

exceeds 75% gphintd iOhs IbAStonss NESHtathéli ftllthe Gladsrrmihgdayé t giddscat i on
resi stance, viscosity, formng property, etc. the content of "SI02 Ts

preferably idyddtpafe?(gth i%fr%@%fpﬁbﬁ%‘hatv%d%rpﬁi&ﬂﬁé ngiJ?Fa%ge%%arﬁ){%t

preferably, 1n the range of 63 percent to 68 percent by mass. [0041 203 is

a_conponent dfthe HbAY.NIFIEEM SHoyRIIA s prvflle on PERTBIALY Sdtpatehange,

and when the content 1s |ess an 5 percent by nass, orenenti oned

effects are ol SxfiditbBostd LRGALhY roltithleeifarit to8HAEAL niF BXCRRdS 20

percent by nass, t ting property an evitrification resistance of the

gl ass tends diggShy afwinld the" Lhrdls RALANG CirATABO fhel cabsi@thliht & i on

exchange property, ing property and devitrification resistance of

the glass, ghfordds ?O”tlﬁ'lflé’.f1,§‘%]§oé”reiasto°{r‘?§ Z[ggrﬁ:é(f iy Fiﬁ% kaélgt%e"&?ﬂgej

percent to 20 percent by nass, nore pre y, 1n the range o

percent to 1§ Wrﬁsgtogg?m-ssﬁ@@%ﬂeéé Wﬁg?ﬁ?@?é?aéogt@#g%ﬁi6Pfrf‘e ﬁh@z and

Al 203 for each other, I'n"terms of main ity an
S0z and A 2031 < hEF OfYarsild otk O B ABr Vs it B8 PO he”
per cent by HeReSRnRE L EBneYR F e F By B . P e BN et S ng
s or mor S EED 8 OR f rthEE ot ElBuds L ras it 3 Rl e SRS et on
Lo enhance Reufel bhaoLor ARSoe il 81085 £k IGERRE! "dp! e dfea ot
reco g e AprBS N B MY oS BB B SAPELL S IBEOPIAE LS Vi L
the degree of reinforcement is higher. Further, in the area of
tensile stress, the distance (depth) from the substrate surface to the
stress profile is a distance such that a fracture occurs when a crack
reaches the stress profile from the substrate surface, and as the
depth increases, the glass is harder to break.
[0032] From the viewpoint of impact resistance (fracture-proof),
when O represents a gradient of the stress profile (angle between the

main surface and compressive stress) of from the area of

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



[0044] 1 120 is a nost preferable conponent as an alkali ion used for ion
exchange, and the content of 1 percent by mass or |less nakes it hard to
obtain chemcally reinforced glass having a thick conpressive stress |ayer
and strength when the chem cal reinforcenment treatnment is perfornmed, while
when the content exceeds 9 percent, chemcal durability and devitrification
resi stance tends to decrease.Iln terns of performance, chem cal durability
and devitrification resistance of chemically reinforced glass, etc. the

content of LAOAIiS IBFgELT @DItHel @is‘téﬁcéa(rd@?tﬁﬁ flora RS eBBktiRe/sPEaEEND DY
mass, and nore preferably, in the range of 2 percent to 5 percent by nmass.

[0045] As wahle asrdds?@rohip?(si fargeCONTaNee becabbe B efRISsCaidriatich ndfor ced
gl ass, and when the content is less than 5 percent by nass, it is hard to

obtain chemfeghl thé hafrPE0eACH A5 IhBanisde 485hbadraRy WHamSR 6 Wilhrgevhen
the content exceeds 18 percent by mass, chemical durability tends to

decrease. | @it FBsﬁﬂfIEOt'bn@ffééti@@ﬂ/ §h§giré§é Lerabr khay t&hd§heneaahnldy
rei nforced glass, etc. the content of Na is preferably in the range of

percent to %aﬁﬁ%ﬁfﬁﬁpé& dfes Sho 0 dinf@T(ewBL®ict st othsi &F ANgedaiWDdraks8).
percent to 15 percent by mass. Further, as an al kali conponent, K20 can be

used, but simeantafid,s wREni WAl Cedsi inkAaENANOMe (SeaaNLABII S thgout O
to 6 percent by mass. [0046] In addition, the ratio (Li 20/ Na20) of Li20

ampunt to Nac’&nﬁ?@é’é‘ﬁllei §tr‘é§§%él¥1§Pﬁ Wec'r@?§es&f(§ﬁ§é@@éb{tl g f'i)r?&erl%%%h nor e

18 preferably 0.4 or less, and rther preferab 0.38 or less. dass

conmponent s $u@8%¥aﬁ%,r{rﬁjkg?§nf&s' 8f‘tﬁé9@%§h‘i‘|gnnd?ﬂ%%%83é téﬁtlaﬁpfoci”en

are Li20 an and an Ion contributing to ion exchange in

mel ting sal tyi§olog el &2?6[}‘[‘205 in%the {Aﬁ.iﬁg}?aféu%? add, Fd{pr?cg it thd e

undergo chem cal reintorceme eat nent i ncreases, e concentration of Li

undergo_chertcal’ el Af or |

win the rail A [FS51RA5E EaNcRs, PRy By neReasny hAtlinges; 8F 6™
. (2077 di

bal ance. bet vaieirrie SPRECE 1o ReriBh o7eh, WRER R BT tRRldhs i iR,

TRt PR L s Tt

that at the trea treat nent condi ti ons

optim zed atrfeta{&‘?\etc{grgé ?'F%é?ﬁéﬁwéﬁ%ﬁ' me deviate fromthe optimal range, as
u r '

the nunber of "trea _ es’increases. In order to solve such a
probien. {hagoakao. e iBMIRES, R e SaMltesShafhos MBrgP TP TBIIRAES
of 91255 1Y DL AYAIERGHT (HERH I B Mt A BB AR Al o5,
chem cal Ty 1 nf cdangelsSiaRebeGiRa ot RfeRiRneR im0, BuRaRE
g o e e By B RRE A Ep SRS ol BT R PLEL B0 e
chemcal, U gy unbdiol LSS SN Ts BTt S48, oBBHYY 4Rh S,
mass or lessSurféLge with a pressing force of 100 g. According to such an
evaluation method, it is possible to indirectly represent the hardness
in a thin surface layer with a thickness of about 1 ym to 2 ym in the
substrate surface. In addition, the evaluation method of the
hardness of the surface layer in the substrate surface is not limited
thereto, and any method can be used which enables the hardness in
a thin surface layer with a thickness of about 1 pm to 2 ym in the

substrate surface to be represented. In the invention, the length of

the longer diagonal in the indentation in the above-mentioned



nore preferably 4.5 percent by nmass or less, and further preferably 4
percent by mass or |ess. Further, to nake devitrification resistance
excellent, the content of CaOis preferably higher than the content of MO
In terns of further increasing chemcal durability, it is preferable that
MyO and CaO coexi st as gl ass conponents. {Then, by nmaking the ratio (MO Ca0)
of the MO anount to the CaO amount preferably 0.1 to 0.9, nore preferably
0.3to 0.7, it is possible to further increase chem cal durability, and al so

i ncrease gI apralabtidinl methobG8449 4r A ofi@gs. Nb205, Ta205, La203, Y203, and
Ti 2 are conmponents for increasing chemcal durability, particularly alkali

resi stance, 2@0@4 gnhangitRgr,” ivehéih t ¥nanrthdleusiResn ther ehaire, sifgcéobald
content of Zr02, Hf 02, Nb205, Ta205, La203, Y203, and Ti O2 preferably

exceeds 0% d‘&%Y@ésw\é’ﬂ@ﬂets'%elﬁ qhal sfrerkeprofrec®§da BabeheetorhyeBafor 9! ass
stability decreases, the nelting property decreases, and/or the specific

gravity incraasesd iSheseliniee. ththe B P& ef ABLY eoft PRp. ttI*thér?t@)LF(li?Qni/?)'}tlsOf
Zr02, H 02, Nb205, Ta205, La203, Y203, and Ti Q2 exceeds O up to 6 pércent by

mass or | esspmala iHprbWethat‘F&ﬁ‘tléﬁbth iRehBr ghpeabst/pytEen stress I@‘?’é‘i%\* by
mass or less, the nore preferable range is 4 percent by mass or |éss, and

the further |gsgf er aghe o 3594 lv%|§ep{e(¢c1 2#{11%% Qalb@ied! frdme steisdl

content, the preferable lower Iimt percent by mass, the nore

preferabl e I\oyges! 'a'ﬁc{) éﬁegs2de§m§nbbbann@@sso y Ui fy%bhﬁét Rfo%ﬁéﬁ?éf’oﬂ ower

limt is 0.5 percent by nass urthernore preferable lTower Timt i1s
t b ble | I t 1. 4
er cont by naemofololFina thicsriire Bl B3 SR 505, “Lazos, vao3, and
Ti02, in 20 the ween
tlhe gl Iass and wat gdrdaﬁﬁscgglhg'lre pg % gé%'?ér%ggéé\i\%hl%t he %qufénlgﬂfe
|§‘é*}en‘°s‘?‘|%e‘3t to

i mersed in yaLes., ftdq%ron‘fé’mggts?‘tréég &Q%ﬂpt RE°LY 18 3 el e, the

wat er resistance. @cor‘ er s of - mar nt ai
f b|

orof or ably féft%?% Gl *Bécge'n%'%@éﬁg‘@ & fﬁ??oﬁﬁ” (T 0)288 TRIC,

preferable. ; %ﬂaﬂafc(?grl Bzgérve-rﬂkzgﬁo%dlr{'ﬁ?aat ner dmglyS gé!ﬁ\%s

gravity offt ass I'nCrease € nmass o ‘e subs rat e][er_h(c)re
: 02,
D205, ”’$?80 Lﬁ%%?%ﬁ%@f@?)ﬁﬁ*i?ér@ﬁ RRE 45 gharpSie s TR B e
E‘Pre?ﬁféﬁl y ?ﬁdﬁy:h'etﬂe&%eer E#lﬂ%r?%os?‘-h§r@%ﬁféﬁ§9§‘a@éﬁﬁ§hﬁ%@ﬁth‘a@?ﬁbsis

o T . La203
pret oranly rahged! 19556 Bs STRupctefug g e pEranl e 02
"ot oduct | ore TEstyAfK nDHRo AN pREFe b%f%‘-’{s‘ﬁ(téﬁo%)ﬁiﬁﬁ?%» th{éﬁs $ udct i on
the functi o C%%”%t%@%@ﬁ!%ﬁ&%#%@p&ﬁ nd g iégkade'vm{ e d AR G e
efficiency i.n ch rp |nforc nent .., Furt.her he materlal cost is
| oner than Y30 ﬁé"ﬁ?#é(s arael o 'Eﬂmt HQecoWPé‘fﬁo'B? 2 oi“PB“'i%e”?%'tSB?”%%ntent
Cange of 0. a1 bBraOTeyin B5s dass APt acFalRade bl heeRioR n ke 2

f bl h f. 0,9 d . f h f bl 0053
P st ontdF BreATERR S Lo b BB B>
d bilit | arl | kal t th f
P AN 5'. oh e J® a4e1 Z‘ygﬁn'ggé &5 ran, BAE, Mo 1SS nSGpiREe e tls T
h I d th t
Shen' o0z § A au&bﬁsgﬂee f—vé@t (e WRREG "tarh0r T RN cﬁtﬁ% i
chem cal rei forc |s t 00 gqh an_exces |ve F n@&esmtve Itres ayer is
for med, and ef'é FYMHe e {Rare B ?5?BV'A A ﬁ!j'ﬁfrcsuf’ ‘sh

f bl tht th tent of Zro t t b
hass o | ess? aemér@piﬁ%w@éq @??Qniib%dg(cﬁgqi?oﬂlgﬁggﬁﬁ?(2% st 1BBePelne 1o
5.5 percent he antent of Zr the preferable | ower I|mt IS

0.2 percent ' ggrgs%f t'?‘hé’ RERELETI SH G CHY @ ower limt is 0 5 percent by nass,
the further pref e | ower I| t is ercen y nmass, furthernore
preferabl e I[&QZ’%S &Ihle ?E’efs4pf5§|”@eﬁ§ WHs'E, H&le pP@F‘etP% etétau’b‘fo‘é fJ;"P'fnm't is
5 percent by mas t he nore referable u rlimt i 4 percent mass, and
the further {eef %@5’6’[‘%" uSpet ¢n$ﬁtlorl smgt gggcent Iy §'°n[ Odg‘ Btabi”%e
effective to introduce an additive for absorbing infrared rays to the gl ass

so as to increase IR absorption of the glass, as well as reducing thernmal

di ffusion of the substrate. Exanples of such an infrared ray absorbing
addir tive are Ea Ov1 Co Vh M NiA Dr \/ NI NA Ho Er and wnat ar



22 of 0 to 0.2 percent by mass. In terns of Fe203, an introduction anmount of
Fe is preferably 1 percent by nass or less, nore preferably 0.5 percent by
mass or |less, further preferably 0.2 percent by mass, furthernore preferably
0.1 percent by mass, and still furthernore preferably 0.05 percent by mass.
The preferable lower imt amount is 0.0l percent by mass, and the nore
preferable lower limt amount is 0.03 percent by nmass. The particularly
preferable range is fromO0.03 percent by mass to 0.02 percent by mass. Wen
the above- masmpeedateis iaresnstremesrdindltding @wsi 6pgobite quasURRdgRsM t h
high infrared ray absorption. In either nethod, since introduction of these

addi tives | rhé’viﬁgnbbﬁaﬂlaﬁ@léfsy amdodneesf the wetgels isthadvedahethealéngth
containing the additives as inpurities, for exanple, silica materials may be

used. Howevedire€NEA @AStH RE JOFBW idfi 8S mithEm@ABENt |hStHEMWd eletigeRe thRY tai n,
and attention should be directed toward the above-nentioned respects in

sel ecting meggtical axid ndirdeiibhSNardemieasiy peipemiRUIALMAE Bhatopusapl | oy
formng a part of nelting chanber of the glass, agitating rod, or a tube to

flow the gl aggst@irbetisR &f bRy A dHTBAREEgaaRRER M thBemeRNabhe dirédidmt i ng
rod, and tube, and when these instrunents are used, it is preferable to

suppr ess t hergddinstMemam® Wis RidER bEBnSHEdY o £ @%@minkatichd™Bf feftirabeiorP! €
not to introduce Fe203. B203 functions to enhance the nelting property, but

has volatilljnyphasd dier@iedeaid! tHE dfed bY ueubre! FGECHBTR Crpsiaidie
gl ass. Therefore, the content is, tfor exanple, less than 2 percen y mass,
and prefera (fye" by mass, nore preferably fromO
to 1 percen?@g;(/égg‘@?sgn‘@ﬂpapﬁﬁg@%}ﬁ%a y fromO to 0.4 percent by nass,
and no intr 10N TS, e preferabl Ii . Sn02
oI, M PRI o O T Fos, S PR e Frige o

and Ce02 mm as a clarl oses | oads on

O e N T COULE U e
chem cal " R RASTEA, NaY00 S4Tof A5 SORRYS a ARl 4ielfig o

General Iy frSHETS oo sEEgee S, BP8F 4 N oc b= FTREE A SR abeT

gl ass materi lesa%%mr%lﬂ'titorﬁ% gé@?gs%?fsctlfrﬁ*aeﬁrgfn?fa"é%%edgnghpﬁ%hnv |prﬁ,\&re not

limted to the orerenti oned rial’s, exanpl material’s are
boron-si 1 e iy ISR BRLUSALY (3 "Ehe; TabE JfollEiRg, Fabadbbidh anses
such B oSkt ena R, AR PR e e B Mo B U
"o oref or an 2 1and BHINES STERT of D 2haf SR eI SkEh ftsteAt, ' o

Che o o S48 B s AP SALE Canb GE NS PAAsehfeBF B, PRLD'
etc..the tenperat ure re]c rably ranges fro 300Cl)t0.4 0C. Fur#h rm)re', t he
cheni cal rof AIORITe ARy STEPS, BXGERDI NG aRGREFAbACINQICE MG oSty are

i d ti f ductiyj.ty. ddi ti h i cal i nf t
condi t1ons. BerToemadt uRhBheandltiahs that AP SePiall) BRbSTREE ol aso material s
t . [00 [ yi h chem i, nf L ible t
19 e ebos 0 HonmPebbio” 50 SHSE, SEhel S48 RREMEThe abelSoRBHAAR ©
depth of the order. of .about 1.5 pm.from &Qe iubstrate St{rfac?) aBd t.0
decr ease t hePTOREILIESs 'Eh%ﬁ‘&&‘%sﬁaﬂﬁéos?‘?te e glavRLompasiius ANd sherucabng
tensile st.ress?~l in the_ﬁe ta. di rection Ii n.%i gfg) tgg subgt ria&e. B')ﬁ F\PI g neans,
it is possi biANfYCEHER °§P Long, PLPPEII¥STHERA AYCTHGTRES 'L PGS RE N 18P he

trati I h i th t- tion st I t.h i f
e ool AL hO¥  PBSGERR BRAMGR HREF h el Bl R 20
Pothod s o aaidrs At seloshitaEh, 8 as” 1) bRgeRRiq IshatRT IR g1
in the uppernost-portion .stre§s | ayer or I?ﬁs. | n_thi S case 4@3 conpr essi ve
stress dept hUPBeHBQF* PULIONs§liGsSo1aYRyy On tReafiin; SHITaG® pordBriniiy or

chem cal reinforcenpnt two-step ion exchange that Li+ contained in the
glass is reptSSed {'ﬂa&éﬁspﬁ“f‘en (ﬁﬁﬁ"gﬂgq% ?tl’f\ée?’i‘rtéf" 5@ SUIACE |34d Na+

is replaced with K+ jn ion exchange as the second, step, it is possible to
efficiently COTBIRASENE §iTess NUTRE SireshATPHLE Be thid AR IRGHGRBgRSator
characteristics. [0060] In the glass substrate for a nmagnetic di sk accordi ng

to the invention, surface roughness Ra of the main surface neasured by an
atom c force mcroscope (AFM is preferably 0.3 nmor |less. Further, in the

Al ace cithetrate for a moaoneati ~r diclr areceardina +tno +the 1| nwvent i on ciir f arn



as described above directly or via another layer, and it is thereby 25
possible to prepare a nmagnetic disk. As the magnetic layer, it is preferable
to use a Co-Pt alloy nagnetic |ayer having a high anisotropy nagnetic field
(Hk). Further, fromthe viewpoint of aimng at crystal orientation of the
magnetic |layer, and uniformty and fine pasticles of grains, a backing |ayer
may be fornmed as appropriate between the gl ass substrate for a nmagnetic disk
and the magnetic layer. Furthernore, it is preferable to provide a
protective |mgdio®rist®eantghes iycot FY2kt-irYth B )RqY Ot ha) hgneei sehapationSti | |
furthermore, it is preferable to forma lubrication Iayer on the protective
layer to relieagehiinmbetuppermastpartbhcstiessd.laj@PBrlledbus, in the glass
substrate for a magnetic disk according to the invention, the conpressive
stress is hijgp3ig) t heGRIgsl agratbanes BOFhimD tMet lylasdepslibstratdie ivgidele of
about 1.5 pmfromthe substrate surface), rates of change in the stress
val ues (conpylgpsinveilsddtesglassl t ahd lguslineshicadte §hResdepldhblds rerddfdnt nsi de
the substrate are snmall, and it is thereby possible to neet inpact

resistance (§bofraANTEs fitisREH a\ifa8e AeC BleChah|eed,0andSRIMhé0 @RBIess or
one thousandth of a second) higher than currently required inpact

resi stance. jt90pPdLRING | HPEnHERK! lt@; %eaéﬂﬁéﬁgeﬂerﬂy)r mliéei' HPr Eh¥miOF

effects of the invention. (Exanple irst,” nelted alum no silicate

gl ass was f QiR rcBnidift. ShPRRtiOhIaH i itksPyretiet §6le PREE theShleh iddsiPate di e,
| ower die and barrel die, and pl ate-shaped anor phous gl ass was obt ai ned.

Next, both r@;hgs?ﬁ({iﬁt%% vl Lé'gltﬁbaélﬁﬁi%%ﬂ‘i’cél %ﬁgﬂg{)@%ﬁhtéjﬂﬁ’rﬁ)g@ it

pr ocessi ng, sk- shape ass base materia tal ne 6 Then, a

hol e porti oqsmggﬁgrﬂgggi ?i_tsiﬁ%régé‘éert}{g thedal@ss (ﬁﬂs?mftgr i @iY&éhQ%) a .

di anond cutter, aped gl ass substrate was o0 ed (cori

addition, i l: i1 Uhi i n conponents were Si02: 70
percent by %E??ﬂlLﬁ%@g@lfi&&‘g@}/@%{ﬁ%b@%@?aLeimzio 5 ggrcent by mass, Na20:

7 percent bﬁé’@@ﬂh dK/ro%: sﬁeeﬁfc%efﬂé tﬁ@%ﬁuﬁi@ﬁ@ﬁid%étgla%@ iﬁ%g;ﬁsgﬁbﬁehe

gl ass substrat nderwent” mrror-surface po I'ng rus h1 ng

T o o B eTBRBSE % LIRS Sogie) Tariesi el (0 2 plfont

I nner by mass, Al,0O3 is 5 percent to 20 percent by mass, (where the total
amount of SiO,+Al; O3 is 74 percent by mass or more), the total of
ZrO,, HfO,, Nb2Os, Ta,0s5, Lay03, Y203, and TiO, exceeds O up to 6
percent by mass or less, Li,O exceeds 1 percent by mass up to 9
percent by mass or less, Na,O is 5 percent to 18 percent by mass
(where the mass ratio Li;O/Na,O is 0.5 or less), K;O is 0 to 6
percent by mass, MgO is 0 to 4 percent by mass, CaO exceeds 0
up to 5 percent by mass or less, (where the total amount of MgO and
CaO is 5 percent by mass or less, and the content of CaO is higher
than the content of MgO), and SrO+BaO is 0 to 3 percent by mass.
[0040] SiO;is a main component forming the glass skeleton, and is
a component functioning to improve glass stability and chemical
durability, particularly, acid resistance, decrease thermal diffusion of

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

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



circunferential end portion underwent mrror-surface polishing by a magnetic
pol i shing nethod. Then, the glass substrate subjected to the mrror-surface
polishing step was rinsed by water.By this nmeans, the dianeter of the glass
substrate was 65 mm and the substrate for use in a 2.5-inch nmagnetic disk
was prepared. [0065] Next, the both mainqsurfaces of the obtained gl ass
substrate underwent | apping processing as in the above-nentioned | appi ng.
Then, as the main-surface polishing step, the first polishing step was
appl i ed. Usedsistadcpeoldedvigzdergent Merearer te!moditan dglayd | SrHtnca abes.
Then, the glass substrate subjected to the first polishing step was i mmersed

sequenti al | ynhAuYEGtIred Wathkstdtsifipectie/ sligcoditp dedreasdle sdedmd geRininglise
water (1), pure water (2), |IPA (isopropyl alcohol) and I PA (steamdry) and

washed. [00GRAhdBediffictr. bavieamsHils uwhapeth@icomenpkb@iereis g69ssnfaltingr at e
underwent the second polishing step to finish the main surfaces in mrror

surface formf 4eesk a8 mAQei glffisaItagem wrRhes GO ideigiffedtien PRIdistimee 9r ai ns
finer than the ceriumdioxide 27 polishing grains used in the first

pol i shing Stﬁ@eoé'ilﬂﬁnfoﬁﬂﬁﬁ_ggr?éﬁeﬁvp%ttéﬁ'tﬁ*eSéthit%ﬁﬁtte@f B90L hes prepsdttglihshi ng

step was i mrersed sequentially in"washing tanks respectively of a natural

detergent (Xhe (bﬂ{%#! Jf @B@rggﬁf t6 200 plRYEENYBYCMAsY) 1arRi"n¢o|V@b?éfér%bly,| PA
(i sopropyl al cohol”) and I PA (steam dry) and washed. I n addition, ultrasonic

waves were qﬁghge,qa,{c\f/be_%@@g %§@éﬁ?t6 8BkpetMiby Nexés, the glass substrate

subj ected to the abo ment | oned | apping steps and polishing steps underwent

cheri cal reibaugennlo The £NesheRind Al 1bPT SEFRIVIngBLHRRH (81 T rdBility

preparing a chemical terntorcenent solution a cofrposition at potassium

nitrate: soqjuip "Brto_rn%ﬁﬁgz 'ﬁ’&)%mﬁlﬁg@e r&hd %h@ﬁ#ﬂé‘@oh?@n?@%gélthan 5

rei nforcenent solution t i fmersing the washed gl ass substrate in

the sol uti o d@EabRY faleu! the ThtertintigHERS M@ drbeddNGyiTbHEHD the

chem cal rei'ntorcene sol uti on, lons in the surtace layer of

(e e S AMERANSIIEIREEL ULl R aceoen L Vork e gPYe ok

ol'ution, an urface layer o e gl ass

substrate “@ﬁeftﬁ%dj‘}ﬁbé%?ty[ é&é%?'egbtgﬁld;&thﬁ q%s?é}%ﬁ%@eﬁg t@ésbfé RIS Ve

stress layer Was [ gl lass substra as”inmersed in a
reter Lank, Madiesker SHETBIIR o NRRL, Wihofie thetRed Du e e
40 and Ve kol 9L R0 THRRRR oD SR R TERY
veter 10 AR of Pl Res! CIODURE KRBT A1 B GRbET it
range of 11 percent to 20 percent by mass, and more preferably, in
the range of 13 percent to 18 percent by mass.
[0042] Itis possible to substitute SiO, and Al,O; for each other, but
in terms of maintaining glass stability and chemical durability
excellently, it is preferable that the total content of SiO; and Al;O3 is
74 percent by mass or more. The preferable range of the total
amount is 76 percent by mass or more, the more preferable range is
78 percent by mass or more, the further preferable range is the
range exceeding 79 percent by mass, and the furthermore preferable
range is 80 percent by mass or more.

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

enhance the melting property of glass, while increasing the



28 [0069] For thus prepared glass substrate for a magnetic disk with a

t hi ckness of 0. 635 mm and the nost outside dianmeter of 65 mm when the

| engt h of the |onger diagonal (uppernost-portion stress |ayer penetration

| ength) in an indentation was exam ned by pressing a di anond quadrangul ar
pyram d i ndenter of rhonbic transverse section with vertex angles of 17230
and 130 against the main surface with a pressing force of 100 g, the length
was 45.3 pmand less than 49.1 pm Further, the section of the glass
substrate for a magnetic di sk was neasured using the Babinet conpensator

met hod, andCPREIGEPEsPTpr BrarMmalagxpanaiabd asdsnBigvids Fsepstrateg fars

poi nt, assum ng that an angl e between the main surface and conpressive
stress is Anfarmatign yresorgding | media. mantisslarigy siRstsates dJor mapnetie than
t he uppernost-portion stress |ayer penetration length. In addition, tan O is
a val ue {(PlesERingmediawith g pigferable thennsal expansiaredrapdrtyi ress dept hs
obt ai ned by the Babinet conpensator method, and t is the thickness of the
substrate. K044} s LigPnts, apmass prefenpb ke somepeneatasyanualkap ion wsednsil e
stress value, L1 is a conpressive stress depth, and L2 is a tensile stress
dept h. Thusforn nonhexchange, samdt tha econteat cofpt ersliogntsbyesmasmOmilgdsin t he
surface |layer portion (wwith a depth of the order of about 1.5 pmfromthe
substrat e smakes)it hard tatatadn dremigalin reirfoscedsglaas hewingoapihéeki ve
stress and tensile stress) were snmall in the depth direction inside the
substrate. pOODEBSive hestpeass kayest r ands sbrerngthagmdtare dhek, chepaical

resi stance was eval uated by the Dana inpact test nethod using AVEX- SM 110- MP
(Air Brown @infotdemeBt atckatanen)t iBhi peifopmed,t eshileasvipen f dheeddntestt ti ng
the gl ass substrate for a magnetic disk 29 in a dedicated inpact test

devi ce, appkxcegdba® fpeiceatsicheimical sheabilityhandedeeitdficatian deésistanos to
the main surface under a condition of 900 Gat 0.2 mllisecond and anot her
conditi on oted®O0G ateckeniskl i stwomtmsaraf eeaformagce, foterhicad dusdbisityf t he
gl ass substrate for a magnetic disk. As a result, any fracture did not occur
in the gl asandubteviteifieatioteresisyarmde tdfectoemdcaliymeinfpbO&d]glaCemeic athee
Exanpl e) A ass substrates for a magnetic disk were prepared as in

t he Exanpl ecexntept of hafOdbepiefarallgi inf the eange ohad . pgdreemedoungarceatk | ow ng
conditions. The chem cal reinforcenent was performed by preparing a chem cal
rei nforcemeply malsé| it elore peeferably,dn theatange asfs? eariteht 2bes perdeni
nitrate=5:5 in weight ratio, heating the chem cal reinforcenent solution to
340C, and it;'yemais@g t he washed gl ass substrate in the solution for about 2
hours. At this point, the thickness of the conpressive stress |ayer was 80
pm [0072] r@w45]1USA§VWW@|L@J@,’SN@@SEr@tci‘)rﬁpbnénmgnébmndéﬁém&\béhﬁa

t hi ckness or 0. 635 mm and the nost outside dianmeter of 65 mm when the

I ength of thginfergsd glaggonahd (WRBRM RSt cHRtetors J6E8SthdrdyEpdireaat rigyi on
| ength) in an indentation was exam ned by pressing the di anond quadrangul ar

pyram d i ndesdgy, @fisriarts dtfté%‘éf?\@?iﬁic%ﬂ?t rEIRfMddY Yeid £nadingl e Afed 7230°

and 130 against the main surface with a pressing force of 100 g, the length

was 49.4 pmpaifbrhesscé havhifd wihémthk0B84RleobxEBadS! #8SpEHRSI By emals@ 2
magneti c di sk, when i npact

chemical durability tends to decrease. In terms of performance and
chemical durability of chemically reinforced glass, etc. the content of
Na,O is preferably in the range of 7 percent to 16 percent by mass,
and more preferably, in the range of 8 percent to 15 percent by mass.
Further, as an alkali component, KO can be used, but since K;0 is
not involved in ion exchange, the content is about 0 to 6 percent by
mass.

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

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



resi stance was evaluated as in the Exanple, any fracture did not occur under

the condition of 900 Gat 0.2 mllisecond, but fractures 30 occurred in
sonme substrates under the condition of 1500 Gat 1 mllisecond. [0074]
(Enbodi ment 2) In the nmethod of manufacturing the glass substrate

for a magnetic disk in this Enbodinent, there are four aspects i.e.
manuf acturing nmethod 1, nmanufacturing nmethod 2, manufacturing nethod 3 and
manuf acturi ng method 4 as descri bed bel ow. [0075] [Manufacturing nmethod 1 of

the glass syhsdfedslyf 014 &mmpeket baddfither preferatﬂ?,ﬂl@f@stb‘f!I@Qs.”Etd?Rfésl of
the gl ass substrate ' for a magnetic disk of this Enbodinent is a

manuf act uri gy Bbinethte’ dArddtaps conbsbuahe f@r ?b_rfmgﬂéh!aﬁ%@i Sif | BRERTEAD A
chemi cal reinforcenment treatnent step of “i mersing a di sk-shaped gl ass

substrate wi{dinforeehtéhtar8oLB0 IMENAO,] ahd @t alkAPTibhOBohitiButhgnical

rei nforcenent treatnment solution, causing ion exchange for replacing

relatively sgh bxbABRGROM & RRiting 5B RItheRadfort BRAILAIE iBHDSLAG! e th

relatively large ions contained in the chem cal reinforcenent treatnent

sol ution, ang,theirely Ratates ?o%@é@%sic%rﬁ da%ﬁeih?cyr%renh@nf heestardaee of
an ed int

t he gl ass substrate, I's characteri at the chem cal relnforcenent

{reatment | SoeeeAoea=inaQdialniaflSho Rl iBh ATRHE! mdftihhCe ik eacbel e

formed at the center portion of e di sk-shaped ass substrate is within

O Ot THEATY el AR srioiheorIeal P SfoRastyenot

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

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

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



31 portion is subjected to chem cal reinforcenent treatnent for creating a
conpressive stress layer in the glass substrate surface by ion exchange, and
the glass substrates for a magnetic disk are thereby manufactured.

[ 0077] Then, when the chem cal reinforcement treatnent is perfornmed, chem cal
reinforcenent conditions are selected so {hat a deformati on anmount of the
circular hole forned at the center portion of the disk-shaped gl ass
substrate is within 0.05% of the dianeter of the circular hole, and that the

transverse siioeggrefefatiifes & pEreaPBy roh8s orslelRst e fiirdh 88 pNefsraily &
[ 0078] When the deformation anmpbunt of the circular hole is within 0.05% of

the di anet erp@fcdrieb¢i madlsabr Neks, Furthér, PRSP E devibifRygNidnargdisRin@nment
fromoccurri ng between a recording reproduction track position set on the

magneti ¢ di six@étler, rtﬁéoé'éﬁﬁarftecw cawris Prefdrrbiy nﬂghbwﬁaﬁﬂh@whtéhtnaﬂnet' c
head runs, and to obtain glass substrates supporting high TPl (10

gi gabi ts/i ncgEsluar ¢nOkefRSebf filRhae! M drRidstig aEhiendical HU?aEilﬂ9U||t1r shO| e
is preferably w thin 0.025% of the di aneter of the circul ar hol e

Further, wheprdiBeablc2BSYENFOSARENTHD bﬁegﬁst'\bé’rglﬁ%ecoﬂnbdn%rﬁgss"h'\@nt 0
prevent distortion fromoccurring in the glass substrate inside a hard di sk

drive. The tHANGRIAG Bid Sttld (Mg T ELEIRRIY tHd SMYOT afiifitht W6afli &ao t he
upper limt 1s not ITmted particularly,” but is nornmally about 147 N. In
addi tion, upiNg r tdh awWitj | S i bed
| at er. [0080? il\/lanu r@feu%% Pre?htcg%lhg %f %ﬁeéej%sfg}ésﬁ std:gt ébf c())lr)?aq?raggnetl C
di sk] Manuf i g r e di sk
of this Emiﬁéﬁé'ﬁw.?znﬁi‘ﬁﬁfﬁi%f‘a??ﬁ e SR e IR reate,
substrate fog n@t%guﬁﬁap di sk having a circular hole at its center portion,
and is chara ter| ze t hat when dianeters of circular holes of 500 to 1000
gl ass substr t ha re Ltrgpl te f T e er of
Fout ar ' o7 Zr0tr BiOk 0K TR h S SRR e e o

the circul ar int ge of

ol ass subst 'rg‘ﬁ““?%"ieﬁ’eg? Fofflereastiq CEhen é?"i%%ﬁﬁ%i*?ﬁﬁcpféaﬁ AL o
more, and th s.gpapfa g, B REAS OBkl ARBILGh T ahurbpgTetiod 2

of this Enmbo ol e of éach’'gl ass

i anotor A P EhaRrte @ﬂ%"?%@ ﬁ&@%z@% 22108651 QU6 AR PRz,
frack posi 11 B ELe e RaEbRE A chand Mee'ﬁ?ﬁ%%" Fapletn e gRET R "
Chst rates. UGS Y AgheT @3?%06*‘%?@% 9§§f%%§es%q3é§e‘*ﬁ?'?ﬁl§?ka%%sﬁﬁf the
of cach of  t9eoEs <ankleftbe” ShBGME iy IR 'ﬂ?}%&*é 215
method 2 of e ERsomAEHe YRl “0'%&03”8@%5%9[3 Qs T80y ﬁéaﬁé't o

di sk are 2.5i ch Szliitbi (r)at es t he gagmet er otf the circular holle each
of the glass'$ Bs@tn § ?se)ﬁjreeq QbFV hPR" 8" B%mgr?ﬁ RbI&s Pref'Br
within AS p ot‘[aPO83 EH , pre?gratbrleén gr’gess% § pgetr%e?\ft b)r)em%gtsabpelle gl ass

the more preferable range is 4 percent by mass or less, and the
further preferable range is 3 percent by mass or less. In the total
content, the preferable lower limit is 0.1 percent by mass, the more
preferable lower limit is 0.2 percent by mass, the further preferable
lower limit is 0.5 percent by mass, the furthermore preferable lower
limit is 1 percent by mass, and the still furthermore preferable lower
limit is 1.4 percent by mass.

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



substrate for a magnetic disk is required to be 98 N or nore. Wen 33 the
transverse strength is |l ess than 98N, distortion tends to occur in the glass
substrate inside a hard disk drive, and the object of the invention is not
achi eved. The transverse strength is preferably 118 N or nore. Meanwhil e, the
upper limt is not limted particularly, 2Zut is normally about 147 N. [0084]
[ Manuf acturing nethod 3 of the glass substrate for a magnetic di sk]

Manuf act uri ng met hod 3 of the glass substrate for a magnetic disk of the

i nvention idhe Qbaﬁsamnmimiggn&ti@ad tbe argiustopubtneacdionomeiwagmdhiec di sk
i ncluding a chem cal reinforcenent treatnent step of imersing a disk-shaped
gl ass subst rgdaesvind watgnr mayaadhsire fothedlassi syrfaset whepothe @glass is

chem cal reinforcenent treatnment solution, causing ion exchange for

repl aci ng r dmanersgq igmaieri ams thenodheedompaehentsuafea@s veintageogisawith
substrate with relatively large ions contained in the chem cal reinforcenent
treat ment sokspech,toamiteneratigtaneat i Apcordomplyessi termsretsnamtaining t he
surface of the glass substrate, and is characterized in that the chem cal

rei nf or cenerwatareegsistandée, thes faomtedt of TEDeqireferablyl msygemtfeomal tof 1t he

di sk-shaped gl ass substrate and treatnent conditions of the chem cal

rei nf or cemremercesdthyemassy andhimaralpfeferabiyframdube b péreanitrimpuhaassiol e
formed at the center portion of the disk-shaped glass substrate is within

0. 05% of t heardd aeirdroddictidve isifucthlexrpriedéeablend t hat the transverse strength
of the glass substrate for a magnetic disk is 98 N or nore. [0085]In

manuf act ur i r[Q0Bd{q hoHfQ,pNbBJI0Os EadOsdiamhtl a5 intreasef Hod wpiewificefraeityl
descri bed above, each di sk-shaped gl ass substrate with a circular hole

fornmed at itof thenigddispoahdoimcrease the mass of the substrate, and therefore,
in terms of reducing the weight of the substrate, the total content of
HfO2, Nb2Os5, Ta,Os and La,03 is preferably in the range of 0 to 3
percent by mass, more preferably in the range of 0 to 2 percent by
mass, and further preferably in the range of 0 to 1 percent by mass,
and no addition is furthermore preferable. The content of each of
HfO,, Nb,Os5, Ta,05 and La,O3 preferably ranges from 0 to 3 percent
by mass, more preferably from 0 to 2 percent by mass, and further
preferably from 0 to 1 percent by mass, and no introduction is
furthermore preferable.
[0052] ZrO; is high in the function of enhancing chemical durability,
particularly alkali resistance, and has the functions of increasing
rigidity and toughness, while enhancing efficiency in chemical
reinforcement. Further, since the material cost is lower than Y;0s3,
the mass ratio of the content of ZrO, to the total content of ZrO,,
HfO,, Nb,Os, Ta,0s5, La03, Y203, and TiO, is preferably in the range
of 0.8 to 1, more preferably in the range of 0.9 to 1, further
preferably in the range of 0.95 to 1, and furthermore preferably, 1.

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



34 subjected to chem cal reinforcenent treatnment 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 manufactured. [0086] Then, when
the chem cal reinforcenent treatnment is perforned, chem cal reinforcenent
conditions of the chem cal reinforcenent dreatnent are selected so that the
deformati on anount of the circular hole forned at the center portion of the
di sk-shaped gl ass substrate is within 0.05% of the dianeter of the circular
hol e, and t kederhivalt darsbititge partiengirty aflkhherekiskasd@panhdyipresidadsheate is
98 N or nore. [0087] The deformation anmount of the circular hole is required
to be w thi fufictib¥sof of hénelieusihgr dgidibe @ndculteughneesf orwiiie Samthgreason
as in manufacturing nmethod 1 described above, and 1s preferably within
0.025% Furtinereadihg éffisieneysia sheangahremforsrmend, badbZrO8 idl usrane for
the sane reason as in manufacturing nmethod 1 described above, and is

preferably Mekonthil Mebmpddanhi | e HéweveppewHdn tZi@, nofs | imirbadced
particularly, but is normally about 147 N. [0088] [Manufacturing nmethod 4 of

the glass supeddsdlieefyor iR mMagneiin@ed Skdubstrate, &Endieaslur img dwéMmeshi4 of
the gl ass substrate for a magnetic disk of the invention is a manufacturing

nmet hod of a rgi@Tcerhsitr & fod High, rmﬂraﬁédééswél@drﬁﬁlré%mg streBsnag@lr is
rei nforcenent treatnment step of inmersing a di sk-shaped gl ass substrate with

a circular hek@edordamd stfelid $eREMbEH O I PRe i JUPstEARIM CAlccopdIHAYCRMENT
treatment sol ution, causing ion exchange for replacing relatively small ions

35 cont ai negyrcefdfieS thaRGReOtohfenglFAsZroubekcakaswot harebat | ys! b I550€
ions contained in the chemcal reinforcenent treatnment solution, and thereby

creating a %Hé’é?ﬁsw_em%ﬁeﬁﬁ kgxer THeFBF‘eT%‘HéBP&‘?a‘P@et be ﬁt@%rﬁehﬁfdfate,

and is characterized in that a deformation anmount dué€ to t chem ca

el nf or cemenird RAOTP ek B 618 Bt 6t B enluded ins o ABRL &1 2RSS on of

t he di sk-shape ass substrate Is be nd grasped for eac ass,
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the circul argh Ige}c%,{t%?‘;ﬁkggsf zt:ﬁ‘r%egﬁﬁbggg%]‘?ﬁtbp&eréﬂ tl@ﬁ/e?hﬁmiﬁ% 1.4

. [
rei nf orcerrenf' r'eat ment n" manufacturing nmethod 4 of

hi's Enbodi , ; , _ P
o sk- shaped T S50 QAT &1 PHET AP LPRE- N TEGs AEC 8RB R dpe

ti ! . hemi cal .rai ¢ .
Compr assi ve 'APFEch el abfe BRIk CEPREnY BGPIEE. R HETERE o0

t he gl ass su&%tfépétﬂﬁ &Séeﬂnﬁﬁ?'ﬁse’si Bep(i,e%t W?nég'&r eby manuf act ur ed.

[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



[ 0090] Then, when the chemi cal reinforcenment treatnent is performed, the

def ormati on anount due to the chem cal reinforcenent treatnent of the
circular hole formed at the center portion of the disk-shaped gl ass
substrate i s beforehand grasped for each glass, the glass material is

sel ected so that the deformation anount is,w thin 0.05% of the dianeter of
the circular hole, and that the transverse strength of the di sk-shaped gl ass
substrate due to the 36 chem cal reinforcenent treatnment is 98 N or nore,

the sel ectehfgbass 0Bt ¢/drabnt Shpraagssedn Refthskof F&owhiane ihftedeictiow ar
hole is forned at the center portion, and the chem cal reinforcenent

treat ment i ALK BRAF el qggyreﬂi’ﬁatﬂw qr Né FEhtaBH N a¥fs tdYe |els5CUhfdrehol e
is required to be within 0.05% of the dianmeter of the circular hole for the

same r easo”g@%féfé W.f@ﬁiﬁ%érﬂgbV%QQQ or I@%%?rflrjlﬁfﬁ‘érapﬂ‘é‘féra&?%.iZSpBF@ér?tr abl'y
0

wi thin 0.02 Further, e transverse strength 1s required”to be 98 N or

more for th%fﬁ%srs‘?aﬁﬂ@héﬁmb? TRRf Gy ng‘u;"ﬁ%r tL gleSiissedanogy and

. e
is preferabl N or nore. Me Imt is not I'imited
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r ei nf or cenent n manuf acturi ng net 3 and 4 | 'ass
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i ons contai ne e surface or each gl ass Substrate are replaced in’ion
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introduction of these additives in a minute quantity produces the
effect, glass materials containing the additives as impurities, for
example, silica materials may be used. However, even as the
impurities, the amount is required to be certain, and attention should
be directed toward the above-mentioned respects in selecting
materials. In addition, Fe reacts with platinum or platinum alloy
forming a part of melting chamber of the glass, agitating rod, or a
tube to flow the glass to be an alloy and imposes damage on the
chamber, agitating rod, and tube, and when these instruments are
used, it is preferable to suppress the additive amount of Fe. In
such a case, it is more preferable not to introduce Fe,O3;. B203
functions to enhance the melting property, but has volatility, and may
erode a fire-resistive substance in melting the glass. Therefore, the
content is, for example, less than 2 percent by mass, and preferably
ranges from 0 to 1.5 percent by mass, more preferably from 0 to 1

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

mass, and no introduction is furthermore preferable.



treatnment solution, and a conpressive stress layer is created in the surface
of each gl ass substrate, and the glass substrates for a magnetic disk are

t her eby manufactured. [0094] Wen the chem cal reinforcenent treatnent is
performed, as described previously, in manufacturing nethod 1, chem cal
reinforcenment treatnment conditions are sehected so that the deformation
anmount of the circular hole fornmed at the center portion of the disk-shaped
gl ass substrate is within 0.05% of the dianmeter of the circular hole, and
that the trpygys] SeSHIOLNANHOY SHO,0hAH- Ceapemhg) aes uselstkabeciayifisr. N or
nore. In manufacturing nethod 3, the glass material of the disk-shaped gl ass

substrate aF{bv@@@@I,CAISZO%i ﬂf\@b@@@ﬁlﬁadée@ﬁn@ﬁ%ir@ﬁﬁf@rﬁﬂs?”énaf ﬁaﬁt@é@l‘é’frﬁﬂ SO
that the defornati on anpbunt of the circular hole forned at the center

portion of (Whrerlithk- shBeaAtd!igsSmailFact@ied ithraughithel fld2Y plethba, dt aget er

of the circular hole, and that the transverse strength of the di sk-shaped

gl ass subst gakpddSngBtdudle ABLO,. | N manufacturing method 4, a deformation
anount due to the chemcal rel m?orcemant treatment of the circular hole

formed at thgosENt ah MY Gidds 9br Chenticak reliieee Mlctsh sV 58ER 4 Ylass

bef orehand grasped for each glass, a glass material is sel’ected so that the
def or mat i ongj b &l 5% of i dii of Ll af e t hat
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material s proces orm ile the circular hole is Torned at the
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[ 0095] The chem el nforcenent treatne articu Imted, and

i s capabl e ghobel hFRrbt&Edp tmﬁ}g £0vERL 9@ cpublicly 38 known net hods,
for exanpl e, subjectl ﬁg a iiﬁ-s aped g(ﬁass substrate for chem cal
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_descri b_ed a%OVﬁ?] si nce tg&e r,al aﬁfs supstrate { r chem.cal reinfor enent used
in the i nventi'tifhadS & E19BHA!i BHNEXGFARGR gﬁmﬁﬁrﬁé%%, n rFé”I?dﬁﬁFaeté%I‘ve
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39 [0096] In the,.ql . Sub te f tic disk obtained h
chem oal | r eiransitBnaRsint; eb th diasth stact e e aRt g DAL BhSee o,
hole forned, at t t tion of .the di sk-shaped gl trate i
Rt b n 0 osdRma SBOSEa B AR b trtbBEmD B HY Rt RICE® BINREEEMEA e
di sk-sh d,al bstrate i 8 N , d. f bly,118 ,
e L T DU R CET A
ci r_cuI ar. hol es ,ar asyred iq. 500,,t o 100Q gLass substrates rtthlﬁt are
arbitrari |y PERRHEuYs  di pedftigThsthe GBEMISELESMIPICEMER Gand IHOLS SaBj ect ed
to the abov%- i oned chem cal reinforcenent treatmnen t he dj aggl(t?fertoof t he

[
circular hoPe GRIBIBITed aheapidieormerondg R olas ma

5x10-4xA rel ative to the average dianeter A of the circular holes of the
gl ass subst M&Ces, and is preferably within the range of 2.5x10-4xA.

[ 0098] The gl ubstrate for a magneti ¢ di sk having such properties.is
capabl e of 40RpST 118y ARRIANG reitch GherloalcrRINgrasmeRtoftis RS SIBIe dor d i s
at |least 100-gigabit TPI. Further, the glass substrate for a magnetic disk

i s capabl e of supporting a perpendicul ar magnetic recording system [0099]
The magnetic disk of the invention will be described bel ow. [Magnetic disk]



The magnetic disk of the invention is characterized by having at |east a
magneti c recording |layer on the surface of the magnetic-di sk gl ass substrate
obt ai ned by any one of nmanufacturing nmethods 1 to 4 as described previously.
[ 0100] The magnetic disk of the invention is capable of being 40 manufactured
by successively applying generally a bac?%ng | ayer, magnetic recording

| ayer, protective |ayer and lubrication layer on the magnetic-di sk gl ass
substrate obtai ned by the manufacturing nmethod of the invention. [0101] The

magneti c regREdai@ iRy edormpreodivel siresd ipatié Girbady labhel pUreiosr aRItA a
exanpl es are magnetic recording | ayers of Co-Cr series, Co-Cr-Pt series,

Co-Ni - G sedie@th dforhd ofdes6f abdDut PSNuInCfrolh therd @sstraftds(pfdee) Tan$ ebi es.
Applicable as the backing |layer are a N |ayer, Ni-P layer, C layer, etc. A

carbon fil mjadehbe th&erft@R B¢ BAGAGRS ik NPT eSS V8IUSY Slcomprbdsivéor m
the lubrication layer, it is possiblé to use a |ubricant of

perfl uor opokyidiehndeieghsildd$telssNR HeraepthRiitéXidn fiRSide MRENGQIHstrabiesk

obtai ned by the nethod of the invention is particularly suitable for

magnetic regRy dinlg AR, it tig_ega%nﬂ@d!tsulo%&armg@@%gc SUPEPF AR HaNgheM As

a filmstructure of the magnetic recording layer Tn magnetic recordi ng nedi a
in the perp i o 4 i e It 3 i I e a
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magnetic | ayer an gnetic recording [ayer are successively 'l amnated, and
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yi el di ng poi asure Oof tenperature’increase

of 4C m n. 'ﬂﬁj B@n%rhﬂ%%r%%‘@é\‘ fahtANERE b?pﬁ%-%ttga'ion exchange that

Li+ contained in the glass is replaced with Na+ in ion exchange as
the first step, and that Na+ is replaced with K+ in ion exchange as
the second step, it is possible to efficiently obtain the glass substrate
having the above-mentioned characteristics.

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

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

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



(2) Average coefficient a of linear thermal expansion The aver age
coefficient a of linear thermal expansion at 100C to 300C was neasured
concurrently with nmeasurenent of the glass transition tenperature. (3)
Specific gravity Measur enent was perforned on sanples of 40 mm x 20
mm x 15 mm by Archi medes' nethod. (4) Rebractive index [nd] and Abbe's
nunber [ vd] Measurenment was perfornmed on the glass cooled at a rate
of tenperature decrease of 30C per hour. (5) A80 and A5 Spectr al

transm tt angeseasiemes reNaPald gidiic SHBR! esAw tHe anaghelibersyedf itGsnm
A80 was obt gi ned as asl\s/\w/a% ength (nm at which the trangmttaﬁa?e Is 80% and

A5 was obt appeferaplé Y&vekend hConpt éllo%irﬁéghaﬁct napem hhanf bs high
[ 0105] <d ass substrate for a magnetic disk> Selected arbitrarily were 500

0 Sech o7 PRLSEIRR mmeent neld2(elak, EYmSATIn, ol Vmamopen 1ot

the average othi@t §F cfySfalt BAcHtAGHh 3D RALE nYERGnEBESIENVRY. and uniformity
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 um from the substrate
surface), rates of change in the stress values (compressive stress
and tensile stress) in the depth direction inside the substrate are
small, and it is thereby possible to meet impact resistance (for
example, withstanding accelerations of 1500G to 2000G for one
thousandth of a second) higher than currently required impact
resistance.
[0063] Described next are Examples performed to clarify the
effects of the invention.
(Example)

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

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



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

descri bed below. [0107] FIG 3 is a perspective view of a |aser displacenent
meter 100 common to all the enbodi ments efy the inside dianmeter nmeasurenent
apparatus of the glass substrate according to the invention. The | aser

di spl acenent nmeter 100 includes a |line laser |ight source 110 for emtting

line laser Theér hathbfe Ipdeidd Wis RraidEidtative NeéliRIr $BGhieolglagpPRaséng a
gl ass substrate 200 with a circular hole 210 forned at the center, a hol der

i fting/ | owpiadtegidoisingnaldfarh8hd! tliftbRJanfdal PURISMEpEAEgIaLRSELBERARS! der
130 so that the line laser 112 is passed through the circular hole 210 of

the gl ass sypsd rc?dt@ir?@&(q%r‘iﬁ?ﬁt NRCAitidn PRt k8 &38dT alumfesi Yilieaté he
passed |ine laser 112 during Tifting and | owering, an inside dianeter

Teasur i Ng PRAdONTAR Lo pBRASHS! RerENSiIbNSTBCoEIAER BY Raddieapigeutar hol e

210 based on the line [aser 112 received 1Tn the |Iight fecelving portion 120,

and a cassehicd AL dhaskor i N0:5 plebaht by flasdl A88,0USHEREAR BP0natk8108]

Then, the hol der ting/i'owéring portion 140 Iifts”and Towers the gl ass
substrate 2000 Thepbidnt Byfhadd2 is emtted to the lifted/ |l owered glass
substrate 200. %At ?%nts point, the light receiving portion 120 nmeasures the

di stance of [6@§4Eirrc déﬁg helry 2@%3;@83% Ofhd ﬁlé%eis\(ﬁgtfét%e ngg?\gé%t@he

Then, anong” neasur ed t ances, nmaxi mim val ue 1's regardet _
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Exanpl e 1 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



Usi ng quartzite powder, alum num hydroxide, alum na, |ithium carbonate,
sodi um car bonat e, potassi um carbonate, magnesi um carbonate, cal ci um
carbonate, zirconium di oxide, ion oxide, etc. to obtain the oxide
conposition as shown in Table 1, a m xture of about 2 kg was prepared,
melted and clarified in a platinumpot ap71450C to 1550C, cast in an iron
di e and anneal ed, and gl ass for chem cal reinforcenent was thus prepared.
The physical properties are shown in Table 1. [0112] Next, using each gl ass

for chem capolishiNgprgraimtusisd dasthé biedtapolshiny ateped Teer, the glass
doughnut - shaped 2.5-1nch disk 44 shaped gl ass substrates each having a

circul ar ho§gbyirabe asdbprttedr tof tRé setandt bolietm@r stepewaki tmiesegddt i ons
are given below. [0113] (1) Form processing step The glass with the

conposi ti onsggaentiafy innwadelin@ftakkanelspe cliviedy @fvﬁﬁétgférﬁdeté/rg@rﬂ%{ﬁgpt
press nmethod, and nade as anorphous di sk-shaped gl ass substrates. Then, a

hol e was nefgtdal td@tergher(2popurénwaterces)) plas watdis{zatiPAisisaprapgl i nder,
and di sk-shaped gl ass substrates each having a circular hole at the cCenter

portion wer Qld@‘rﬂﬂ?réﬁ?ﬁ IPA {BRFamC Baff id W P$96@SSiIRYadaRide! dreBenh t he
outer circunferential end face and 1 nner circunferential end face. [0114]

(2) End facgaRelsl wBré&pPIRR to each wadhseguankl y, while rotating the glass
substrate, polishing was performed by brush polishing so that the surface

roughness ofoddr eNkxXt2tRe( QIsdr sGbEfraie &u)eBtaddoi theehbblECHn@lofE) of
the gl ass substrate was about 1.0 pmin the maxi num hei ght (Rmax) and about

0.3 pmin ara;;mgtét@p@vsﬁa%uswagr@ bs( FRder BAL BhelntloaPrbliibhge Heh.

Next, using a ive grains wth grading of #1000, the gl ass substrate

f ; f i : 3
surf ace vasTREOURGACal Rainfb bRl a8 FAsARe! b} Il bABMiLEP 3 Pm

Rmax was about and that Ra was a [ at ness

degree i s aglnfoansfiohtiesolitdl T bPT 8NCRImbBsiih VAN (tadstinl ififvate:

(perpendicular direction to the sur etween the ghest portion and the

| oot TS0, LIRS 2l Sptunlahc SRSS REFRHGSURY Schomica
reinforcement solution to 400°C, and immersing the washed glass
substrate in the solution for about 4 hours. Thus, by immersing and
treating in/with the chemical reinforcement solution, Li ions and Na
ions in the surface layer of the glass substrate were respectively
replaced with Na ions and K ions in the chemical reinforcement
solution, and the surface layer of the glass substrate was reinforced.
At this point, the thickness of the compressive stress layer was 114
um.
[0068] Such a glass substrate was immersed in a water tank of
20°C for quenching, and kept for about 10 minutes. The quenched
glass substrate was immersed in concentrated sulfuric acid heated to
about 40°C and washed. Further, the glass substrate subjected to
sulfuric acid cleaning was immersed sequentially in washing tanks
respectively of pure water (1), pure water (2), IPA (isopropyl alcohol)

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

were applied to each washing tank.



45 Further, For Rmax and Ra, rectangular regions of 5 pmx 5 pmwere
measured by an atom c force mcroscope (AFM (Digital Instrunents
Nanoscope). [0116] (4) Prelimnary polishing step Subsequently, the
prelimnary polishing step was carried out using a polishing apparatus
capabl e of polishing both nmain surfaces 9§ 100 to 200 gl ass substrates once.
A hard polisher was used as a polishing pad. Zirconium di oxi de and cerium

di oxi de were beforehand contained in the polishing pad, and the pad was

used. [0117jo08e pHdrsthutgpeepaitedglass she spiatki fvirphyagoeiisdisy witkm was
prepared by m xing cerium di oxide polishing grains with an average grain

di ameter of tHicknessi ot ©.Ve88rminh &eldli thieon o $ e upsidies kiiatede AidgTs 6B iim!t he
grain diameter exceeding 4 pmwere beforehand renoved. Wen the polishing

sol uti on wagh@agHeEtbndthe oTai éUdnGRIrugisdondle (AppesMod-idiors stpeési ned
in the polishing solution was 3.5 pm the average value was 1.1 pm and D50

val ue was ligh dmpeh&Fa8bnMuRAKSn diend dachtrsiiaths exhhfingdaby prelsingt e was

784 to 980 nmN/ cnR2, and the renoval thickness of the surface portion of the

gl ass subst gaigaend2 Qs fah qtflaPpy tdbhiP] ind@nt®t r 6P rHdMbed PAh5GEI$W Step
The mrror finish polishing step was carried out using a planetary gear type

DA< FOSPLNL RGP RSy gl o 1920901 4R 3" Rt e 200

The poli shi ggrfagkuiviPnal Prdd¥ngi fdree éf A0ONgPYhESIRINGINSVER 488 um and
less than 49.1 ym. Further, the section of the glass substrate for a
magnetic disk was measured using the Babinet compensator method,
and the stress profile was obtained as shown in FIG. 1. At this
point, assuming that an angle between the main surface and
compressive stress is 0, a value y of {12-teIn(tan 8)+(49.1/t)} was
53.8 uym, and more than the uppermost-portion stress layer
penetration length. In addition, tan 8 is a value {(P1+P2)/(L1+L2)}
calculated from stress values and stress depths obtained by the
Babinet compensator method, and t is the thickness of the substrate.
At this point, P4 is a compressive stress value, P; is a tensile stress
value, L is a compressive stress depth, and L, is a tensile stress
depth. Thus, in this glass substrate, the compressive stress was
high in the surface layer portion (with a depth of the order of about
1.5 um from the substrate surface), and rates of change in the stress
values (compressive stress and tensile stress) were small in the
depth direction inside the substrate.
[0070] For the glass substrates for a magnetic disk, impact
resistance was evaluated by the Dana impact test method using
AVEX-SM-110-MP (Air Brown Co., Ltd. Brand name). This impact

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



46 prepared by adding sulfuric acid and tartaric acid to ultrapure water,
and further adding colloidal silica particles wwth a grain dianeter 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.Furtherygthe concentration of tartaric acid
was 0.8 percent by mass, and the content of colloidal silica particles was
10 percent by mass. [0121]1n addition, in the mirror finish polishing

processi ng,int fed édicuédanpadthR spadédBeNapityivg aalfdsithenghotkustiiéaisein and
was kept substantially constant.ln the Exanples, the polishing solution

suppl i ed t athehpespeharculaf difsctid s HPmdiat Surdte’ apaeer£Eandinenaofr ai n,
clarified by renoving contam nation using a mesh-shaped filter, then

supplied aggom & 4the .l amElisedshd abAd AnbthBYScHAURRSh b6P1PBD0Ghestpal i shing
processing rate in the mrror finish step was 0.25 pmimn. and it was

under st ood ik etb dabaye-ewdthiingd acradtiieoRSaRIFR B etHeh g | 28k RPN
pol i shing processing rate to be achieved. In addition, the polishing

processing fgt g magnelbicabngd bnsdiaviedng, anyerfaeti@ dddmeY ocBUPGRSHENT.
removal anount) in the thickness of the glaSs substrate required to finish a

predeterm S $61I96trate LaeRrny B¢ thewbidgiopl | shing processing tine.
[0123] (6)Vashing step after the mrror finish polishing processing

Subsequentll\r?mtﬂe gl ass substrates were i nmersed in NaOH aqueous sol ution
wi th the concentration ranging from3 percent to 5 percent by mass to

perform al obm a‘?ﬁﬂb@%xéﬁgﬂgfi tion, the cleaning was perforned while
applying ultrasonic waves. Further, the glass substrates were i mrersed

sequentially in vgaliddubPtes for a magnetic disk were prepared as in the

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

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

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



47 respectively of a natural detergent, pure water, pure water, isopropyl

al cohol and isopropyl alcohol (steamdry) and washed. When the surfaces of
washed gl ass substrates were neasured by AFM (Digital Instrunments Nanoscope)
(rectangular regions of 5 pmx 5 pmwere neasured), any adhesi on of
colloidal silica polishing grains was not observed. Further, contam nation of
stainless, iron, etc. was not found. Furkithernore, any increase in roughness
of the substrate surface was not recogni zed between before and after

washi ng. [0124] (7) Chemi cal reinforcenent treatnent step Next, the
chenical rdlafbrednigntsameaskbatraigs wedeortned apnditinsr anb59ﬂeraB§héd gl ass
substrates pre-heated to 300C for about 4 hours in a chem cal reinforcenent
sal t obt ai medlisgcondi ng potassiumnitrate (60 percent by mass) and sodi um
nitrate (40 percent by nmass) and heating to 375C . By this treatnent,
l'ithiumiorf80d4d sodiumions in the surface of the glass substrate were
respectively replaced with sodiumions and potassiumions in the chem cal

rei nf orcengEmpbetimean@)t he gl ass substrate was chemically reinforced. In
addi tion, the thicknesses of the conpressive stress layers fornmed in the

surfaces of the ghasgeSHthodt @F hdwectliARgakREt gldds psubstrakdmer Af ter
i npl enenting the chem cal reinforcement, the glass substrat es were i mrersed

in a water ﬁﬁphe@ifc sk 9R @IHI%nCE“'h{Eﬂwd|ﬁfé11tkeﬂﬁerfé)ra%)°f6ur10aéﬂéﬁ’t"seﬁ :e.[ 0125]

(8) Washing step after chem cal reinforcenent Su sequently, the

and washed TIANHEAGRE[T ThetRs, 1 THEARNablioHy | Mthot® 2, e B BrAR Ll oo

and washed e app ul'frasoni rates

aaucous ol RS Sad RERLFFHhg %@ﬁ@%ﬂ%ﬁ%%*&@%!% mmss of )

pot assi um §5 gﬁl de aqueous solution. Then, manufacturing of the gl ass
substrate f magnetic di sk was corrpl eted. [0126] (9)Inspection step of

the glass suybstrate for eti
g K/?anu acturing methgg ?the gﬁass substrate for a magnetic disk]

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

[0076] In manufacturing method 1 of this Embodiment, each

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



Next, inspection was perfornmed on the glass substrates for a magnetic disk.
Roughness of the surfaces of the glass substrates for a magnetic di sk was
measured using AFM (atom c force m croscope) (rectangular regions of 5 pm x
5 pm were neasured), and the maxi nrum peak height (Rmax) was 1.5 nm while
arithmetic average roughness (Ra) was 0.15 nm Further, the surfaces were in
cleaned mrror finished surface state, amsd there was neither a foreign
substance for preventing flying of a magnetic head nor contam nation
becom ng a cause of thermal asperity trouble. Furthernore, any increase in

roughness ofpdrhiensisosubpactedutcr ahenvigal meinfoocem endttneaimbnt doe caedtingt er
washing. [0127] In addition, in the aforenentioned description, acid

cl eani ng and dofapresdieansheseasapsr fiar sl gildser scibetiatal suefatfeornerment, but
acid cleaning and al kali cleaning may be perforned in washing after the

mrror fini %&d?@rigFé]Lé‘SdSth%pgléé%l%%bs'ﬁtﬁtbﬁefor Hahalghetidl arsk avestherbpy for a

magneti c di sk of each Exanpl e, the average dianeter A of the circular hole
was obt ai neqdpaMbfd&ufedate (/0) of circular-hole dianmeters of glass
substrat es departél ng??r'omthe range of 5x10-4xA relative to the average

chaeter A TORYIR,CLIRART 648 YRS, et SIbmREhN { ey 43 e
oL enath Of e S BB o S RSB’ P 1
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.
[0078] When the deformation amount of the circular hole is within
0.05% of the diameter of the circular hole, it is possible to prevent a
misalignment from occurring between a recording reproduction track
position set on the magnetic disk and a recoding reproduction track
position on which a magnetic head runs, and to obtain glass
substrates supporting high TPl (100 gigabits/inch square or more).
The deformation amount of the circular hole is preferably within
0.025% of the diameter of the circular hole.
[0079] Further, when the transverse strength is 98 N or more, it is
possible to prevent distortion from occurring in the glass substrate
inside a hard disk drive. The transverse strength is preferably 118
N or more. Meanwhile, the upper limit is not limited particularly, but
is normally about 147 N. In addition, the method of measuring the
transverse strength will be described later.
[0080]
[Manufacturing method 2 of the glass substrate for a magnetic disk]

Manufacturing method 2 of the glass substrate for a magnetic
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disk of this Embodiment 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 +5x107*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.

[0081] In manufacturing method 2 of this Embodiment, when the
diameter of the circular hole of each glass substrate deviates from
the range of +5x10*xA relative to the average diameter A of the
circular holes of 500 to 1000 glass substrates that are arbitrarily
selected, a misalignment occurs between a recording reproduction
track position set on the magnetic disk and a recoding reproduction
track position on which a magnetic head runs, it becomes hard to
obtain glass substrates supporting high TPl (100 gigabits/inch
square or more), and the object of the invention is not attained.
The diameter of the circular hole of each of the glass substrates is
preferably within the range of +2x10™*xA relative to the average
circular-hole diameter A.

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

substrate for a magnetic disk is required to be 98 N or more. When
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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 substrate for a magnetic disk]
Manufacturing method 3 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
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.
[0086] 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 98 N or more.
[0087] The deformation amount of the circular hole is required to
be within 0.05% of the diameter of the circular hole for the same
reason as in manufacturing method 1 described above, and is
preferably within 0.025%. Further, the transverse strength is
required to be 98 N or more for the same reason as in manufacturing
method 1 described above, and is preferably 118 N or more.
Meanwhile, the upper limit is not limited particularly, but is normally
about 147 N.
[0088]
[Manufacturing method 4 of the glass substrate for a magnetic disk]
Manufacturing method 4 of the glass substrate for a magnetic
disk of the invention is a manufacturing method of a glass substrate
for a magnetic disk including a chemical reinforcement treatment
step of immersing a disk-shaped glass substrate with a circular hole
formed at its center portion in a chemical reinforcement treatment

solution, causing ion exchange for replacing relatively small ions
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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 glass
substrate with a circular hole formed at its center portion is
subjected to chemical reinforcement treatment for creating a
compressive stress layer in the glass substrate surface by ion
exchange, and the glass substrates for a magnetic disk are thereby
manufactured.

[0090] Then, when the chemical reinforcement treatment is
performed, the deformation amount due to the chemical
reinforcement treatment of the circular hole formed at the center
portion of the disk-shaped glass substrate is beforehand grasped for
each glass, the glass material is selected so that the deformation
amount is within 0.05% of the diameter of the circular hole, and that

the transverse strength of the disk-shaped glass substrate due to the
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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 upper limit is not limited particularly, but is normally
about 147 N.

[0092]

(Glass for chemical reinforcement)

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

[0093]
(Chemical reinforcement treatment)

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

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

[0095] The chemical reinforcement treatment is not particularly

limited, and is capable of being carried out by conventional publicly
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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 limited to nitrates, sulfates, bisulfates,
carbonates, bicarbonates, halides may be used. When the
treatment bath contains Na ions, the Na ions are replaced with Li
ions in the glass in ion exchange. Further, when the treatment bath
contains K ions, the K ions are replaced with Li ions and Na ions in
the glass in ion exchange. Furthermore, the treatment bath
contains Na ions and K ions, the Na ions and K ions are respectively
replaced with Li ions and Na ions in the glass in ion exchange. By
this ion exchange, the alkali metal ions in the glass surface layer
portion are replaced with alkali metal ions with a larger ion radius,
the compressive stress layer is formed in the glass surface layer
portion, and the glass is chemically reinforced. As described above,
since the glass substrate for chemical reinforcement used in the
invention has excellent ion exchange performance, the compressive
stress layer formed by ion exchange is deep, and the thickness
ranges generally from about 10 ym to 150 ym, and preferably from

50 ym to 120 um.
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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 layer,
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 perfluoropolyether, etc.

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

(Examples)
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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, A80 was obtained as a wavelength (nm)
at which the transmittance is 80%, and A5 was obtained as a
wavelength (nm) at which the transmittance is 5%.

[0105]
<Glass substrate for a magnetic disk>

Selected arbitrarily were 500 glass substrates for a magnetic



O9E 93E 140.03 0 031. L L Exanple 1- 90.99 171;91. 19. 99.01 9E. O

42

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

the received line laser 112. Then, among measured distances, the
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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 1550°C, cast in an iron die and annealed, and glass for chemical
reinforcement was thus prepared. The physical properties are
shown in Table 1.
[0112] Next, using each glass for chemical reinforcement as

described above, prepared were 150 doughnut-shaped 2.5-inch disk
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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 processing was performed on
the outer circumferential end face and inner circumferential end face.
[0114]
(2) End face polishing step

Subsequently, while rotating the glass substrate, polishing
was performed by brush polishing so that the surface roughness of
the end face (outer circumference and inner circumference) of the
glass substrate was about 1.0 um in the maximum height (Rmax) and
about 0.3 um in arithmetic average roughness (Ra).
[0115]
(3) Grinding step

Next, using abrasive grains with grading of #1000, the glass
substrate surface was ground so that the flatness degree of the main
surface was 3 pym, Rmax was about 2 ym, and that Ra was about 0.2
Hm. Herein, the flatness degree is a distance (height difference) in
the vertical direction (perpendicular direction to the surface) between
the highest portion and the lowest portion on the substrate surface,

and was measured by a flatness-degree measurement instrument.
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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 polishing step was
prepared by mixing cerium dioxide polishing grains with an average
grain diameter of 1.1 uym into water. In addition, the polishing
grains with the grain diameter exceeding 4 um were beforehand
removed. When the polishing solution was measured, the maximum
value of the polishing grains contained in the polishing solution was
3.5 ym, the average value was 1.1 ym, and D50 value was 1.1 um.
[0118] Moreover, the load added to the glass substrate was 784 to
980 mN/cm?, and the removal thickness of the surface portion of the
glass substrate was 20 pm to 40 pm.
[0119]
(5) Mirror finish polishing step

The mirror finish polishing step was carried out using a
planetary gear type polishing apparatus capable of polishing both
main surfaces of 100 to 200 glass substrates once. A soft polisher
was used as a polishing pad.

[0120] The polishing solution in the mirror finish polishing step was
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prepared by adding sulfuric acid and tartaric acid to ultrapure water,
and further adding colloidal 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 ym/min. and it was understood that the above-mentioned
conditions enable the advantageous polishing processing rate to be
achieved. In addition, the polishing processing rate was obtained
by dividing a reduction amount (processing removal amount) in the
thickness of the glass substrate required to finish a predetermined
mirror surface by the required polishing processing time.
[0123]
(6) Washing step after the mirror finish polishing processing
Subsequently, the glass substrates were immersed in NaOH
aqueous solution with the concentration ranging from 3 percent to 5
percent by mass to perform alkali cleaning. In addition, the
cleaning was performed while applying ultrasonic waves. Further,

the glass substrates were immersed sequentially in washing tanks
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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 um x 5 ym 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 performed by
immersing the washed glass substrates pre-heated to 300°C for
about 4 hours in a chemical reinforcement salt obtained by mixing
potassium nitrate (60 percent by mass) and sodium nitrate (40
percent by mass) and heating to 375°C . By this treatment, lithium
ions and sodium ions in the surface of the glass substrate were
respectively replaced with sodium ions and potassium ions in the
chemical reinforcement salt, and the glass substrate was chemically
reinforced. In addition, the thicknesses of the compressive stress
layers formed in the surfaces of the glass substrates ranged from
about 100 um to 150um. After implementing the chemical
reinforcement, the glass substrates were immersed in a water tank of
20°C for quenching, and kept for about 10 minutes.
[0125]
(8) Washing step after chemical reinforcement

Subsequently, the quenched glass substrates were immersed

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



, OcoEcooE2 (7922 0CT2a ..., 0 -0as copE 51 [0129] Next, using the
gl ass substrates for a magnetic disk prepared in Exanple 1, magnetic disks
were prepared as described below, and tests were perfornmed in a hard di sk
drive. FIG 5 schematically shows a filmstructure (cross section) on the
substrate 12. [0130] First, using a deposijgon apparatus under vacuum an
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.
[0126]
(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 um x 5 ym were measured),
and the maximum peak height (Rmax) was 1.5 nm, while arithmetic
average roughness (Ra) was 0.15 nm. Further, the surfaces were
in cleaned mirror finished surface state, and there was neither a
foreign substance for preventing flying of a magnetic head nor
contamination becoming a cause of thermal asperity trouble.
Furthermore, any increase in roughness of the substrate surface was
not found between before and after washing.
[0127] In addition, in the aforementioned description, acid cleaning
and alkali cleaning was performed after chemical reinforcement, but
acid cleaning and alkali cleaning may be performed in washing after
the mirror finish polishing step.
[0128] Further, for the glass substrates for a magnetic disk of each
Example, the average diameter A of the circular hole was obtained,
while a rate (%) of circular-hole diameters of glass substrates
departing from the range of +5x107*xA relative to the average

diameter A of the circular hole was obtained. Obtained furthermore



adhesion | ayer 14 and soft nagnetic |ayer 16 were successively deposited in
an at nosphere of Ar by a DC nagnetron sputtering nethod. [0131] At this

poi nt, the adhesion |ayer 14 was deposited using a CTi target so that the
| ayer 14 was an anor phous CrTi |ayer of 20 nm Further, the soft nmagnetic

| ayer 16 was deposited using a CoTaZr target so that the layer 16 was an
anor phous CoTaZr (Co: 88 at% Ta: 7 at% Zr: 5 at% |ayer of 200 nm [0132]
The magnetic disk 10 subjected to deposition up to the soft magnetic |ayer

16 was renovedré ithe 4 heraitpp ehickine’ sappPabaipressivgl sthsds fraydragadrHUaRRRSS Was
simlarly nmeasured, a snmooth mrror finished surface was obtai ned wth Rmax

of 2.1 nnn amrdnBaepie GtrdndM oVVfasErgmesiratds dperd infagnetic drRRSHT &hdksi ng
VSM (vi brating sanple magneti zation nmeter), the coercive force (Hc) was 2

Ce, the sat UERhPleMadNEEIrCrddutts dedshiowmas Table emu/ cc, and suitabl e soft
magnetic properties were shown. [0133] Next, using a sheet/static opposite
deposi tion a@tys, in an atnosphere of Ar, deposited successively were a
backi ng |l ayer 18, finer pronoting |ayer 20 of granular structure,
ferromagnetic | ayer 23 of granular structure, magnetic coupling control

| ayer 34, exchange energy control |ayer 36, and protective layer 24. In the
Exanpl es, 52 the backing |l ayer 18 was a two-|layer structure having the
first layer and second layer. [0134] In this step, first, on the disk
substrate were fornmed a layer with a thickness of 10 nm fornmed of anorphous
Ni Ta (Ni: 40 atcYO, Ta: 10 at% as the first |layer of the backing | ayer 18,
and a Ru layer with a thickness ranging from 10 to 15 nm as the second

| ayer. [0135] Next, using a target formed of nonmagnetic CoCr-Si 02, forned
was the finer pronoting |ayer 20 fornmed of hcp crystal structure with 2 to
20 nm Further, using a target of hard magnetic material forned of

CoCrPt-Si 02, forned was the ferromagnetic |ayer 32 fornmed of hcp crystal
structure with 15 nm The target conposition for preparing the ferronmagnetic
| ayer 32 was Co: 62 ar/o, Cr: 10 at% Pt: 16 at% and Si: 12 at% Further,
the magnetic coupling control |ayer 34 nade of a Pd | ayer was forned, and
the energy exchange control |ayer 36 nmade of a [ CoB/ Pd]n |ayer was forned.



[ 0136] Subsequently, by a CVD nethod using ethylene as a material gas, forned
was the protective |ayer 24 made of carbon hydride. By using carbon hydride,
the filmhardness is increased, and it is possible to protect the magnetic
recording layer 22 against inpact fromthe magnetic head. [0137] Thereafter,
the lubrication layer 26 made of PFPE (psgpfl uoropol yether) was fornmed by a
dip coating nethod. The thickness of the lubrication |ayer 26 was 1 nm By the
manuf act uri ng steps as descri bed above, the perpendi cul ar magnetic recording
type magnetic di sks 10 were obtai ned that are perpendi cul ar magnetic

recordl.g fegh-g—When—pbi-a-Ret—Suriace—75< ruug?n:ss wasTHegsted in the
same wal. descri bed abpv wds (2.12 {n |Ra was (0. 2L nmn and thus a
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(Note) In the glass composition, (H), (C) and (N) represent

hydroxide, carbonate and nitrate as raw materials, respectively.



[0141] The LUL tests were performed using a 2.5-inch hard disk drive
rotating at 5400 rpm and a magnetic head with a flying height of 8 nm The
same nmagneti c head as described above was used. A shield portion was nade of
Ni Fe alloy. This magnetic disk was installed in the magnetic di sk appar at us,
the LUL operation was perfornmed continuously with the above-nentioned
magneti ¢ head, and the nunber of LUL endurance tinmes was neasured. [0142]
After the LUL endurance test, the surface of the magnetic disk and the
surface of t[0d28gneNiextheasingertheobglaissed ulystoatasdefbreyee aragyriatiht disk

m croscope to check the presence or absence of abnormality such as a flaw
and stain. HoreparedLivl Bexcadapbnde magheticodisks werer poeparst tas dedoribedi00, 000
LUL times or nore without failure, and particularly, it is suitable to
endure 600, Gf®loML andneests were. perfoxntBd i ion,a | mards ediskvidriverentBlGf 5
normal |y used HDD (Hard Disk Drive), it is said that use of alnost ten years
i s required $chiembaticallybshiows a flint stresttice ¢amxds66floB0@n 04 &b siVete t he
LUL tests were performed, the magnetic di sks 10 endured 600, 000 tines or
nore and past2d the test. Further, the magnetic disks 10 were renpoved after
the LUL test and inspected, and any abnormality such as a flaw and stain was
not det ect e0130]t heFirstienssingi e @épbbRicr kappar@fal wed®oneacuums aot
noticed. [0144] The present invention is not linmted to above-nentioned
Enbodi ment s, adingsioh dapep! 4 cAn8esoft eaaghetici My mMECtwere VU dtesyivens

nodi fications thereof. The above-nentioned Enbodi nents 1 and 2 are capabl e
of being cardépdsit@d OirpraAttatefod phére WbiArabyoa DRI RRfgratréRPspotteing
Further, the nunbers of nenbers, sizes, processing procedures and others in
t he above- memicitigpgd Enbodi ments are of exanples, and are capabl e of being
carried into practice with various nodifications thereof within the scope of
exhi bi ting tive fff epttsthed pdiat, eHdudsioMorB@aen 4 whe &EpeditBBNLSInY @

capabl e of being carried into practice with riodifications as appropriate

wi t hout depa@ﬁi”@hr{gre‘?r%d riﬁaiS‘ilﬁl@ela;glferth@ WaEesh dthotPRoLSVERTi Riyer P 20LAI M5

Claim1l A glfass substrate for a magnetic disk, the glass substrate

being a di skyghapedreh @S Sta! i A driftic 1598Pel 6 Cwiiss e it @sifgl

surface and an end face, and being subjected to chem cal 'rei nforcenent

treatment, coTazr (#AFEELY that HE 18Y8F Y SRR sAdnoPORGHE I STAZA(EBNGEN [ N

an uppernost-portion Stress [ayer oh the main surface 1s 49.1 r less,

and assum ngatto}aaq-?giq é‘l"/@l gébgtéﬂegplé §RbBoSHif ace and conpressive stress

in a stress profile by a Babinet conpensator nethod is 0, the penetration

'9)92?23_ Il/nt ; ;‘[‘b J%g;g‘,ﬁ% YA 08 dibk OFF suBYEEIP & dtdti¥nClip (th2the 3bFAN
magnetic layer 16 was removed from the deposition apparatus, and
when surface roughness was similarly measured, a smooth mirror
finished surface was obtained with Rmax of 2.1 nm and Ra of 0.20
nm. When magnetic properties were measured using VSM
(vibrating sample magnetization meter), the coercive force (Hc) was
2 Oe, the saturation magnetic flux density was 810 emu/cc, and
suitable soft magnetic properties were shown.

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

of granular structure, magnetic coupling control layer 34, exchange

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



the penetration length in the uppernost-portion stress layer is a |length of
a | onger diagonal in an indentation when a di anond quadrangul ar pyramd

i ndenter of rhombic transverse section with vertex angles of 17230" and 130
is pressed against the main surface with a pressing force of 100 g, the tan
8 is a value {(Li-FL2)/(P1+P2) } cal cul ated from stress val ues and stress
dept hs obtai ned by the Babi net conpensator nethod, the t is a thickness of
t he substrate, Pl is a conpressive stress value, P2 is a tensile

stress val u¢helacking y@rr €8swvae sttweskydapstructned havisg aheefisst! layelrr ess
depth. Caim?2 The gl ass substrate for a magnetic disk according to
claim1l1, whemd setbadvalyee of y is {1641n(tan 0)(49.1/0}. daim3 The
gl ass substrate for a magnetic disk according to claim1l , wherein glass

form ng the[gh33d} swwbeiisadtepl dirse, RO deskdissibstmtal ware@dsrinceRhelayledss
cont ai ni ng Zr. aim4 The gl ass substrate for a magnetic disk

accordi ng t qvieh & thitknBBeIdfi N0 i ffaemadPugmes HPuONITAE NRI4D atTf are
measured by an atom c force mcroscope is 0.3 nmor less. 56 Caimb5

The gl ass sulgshi)ad tHe firsBoRr 6f thé lbarkewg daper 18, drd & Ru Mfyeravith
surface roughness Ra of the end face is 0.2 pmor |less in a nmeasurenent

I ength of O&tm&héségén@iiﬁgﬂfﬁrﬂrﬁ@% 18 he¢ldsothedkebBAdIlagey. substrate for a

magnetic disk. Claim The gl ass substrate for a magnetic disk

according t9o¢B8] M Nehelsing & HargeesRIrkfedt sESostpRlghdtc TBoBMIOTOr €.

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



Claim7 The gl ass substrate for a magnetic disk according to claim
6, wherein a conpressive stress depth is 100 pmto 150 pm Caim38
The gl ass substrate for a nmagnetic disk according to claim1l, wherein glass
form ng the glass substrate contains in expression of percent by nmass: Si02
57 to 75% Al 203 5 to 20% (where the totsd anount of Si024A 203 is 74% or
nore) the total of Zr02,1-1f02, Nb205, Ta205, La203, Y203, and 1102
exceeding 0% to 6% or |ess; Li20 exceeding 1%to 9% or less; Na20 5 to 18%
(where the masighmesso wag0meselures OnStloe $ass) wW@P ast deduribeglo abavwe 4™ )/ 0;
CaO exceeding 0% to 5% or less; (where the total anmount of MO and CaOis 5%
or less, anRmax ovas eRt2 aimCaBai svds ghéX1 thman ahe thouns eat swfodvh Omiarat

finished surface was obtained.

[0138] The obtained magnetic disk 10 was installed in a 2.5-inch

load/unload type hard disk drive. The magnetic head installed in

the hard disk drive is a Dynamic Flying Height (abbreviated as DFH)

type magnetic head. A flying height of the magnetic head with

respect to the magnetic disk is 8 nm.

[0139] When recording/reproduction tests were performed on a

recoding/reproduction region on the main surface of the magnetic

disk by the hard disk drive in a recording density of 200

gigabits/square inch, excellent recording/reproduction properties

were exhibited. Further, during the tests, neither crush trouble nor

thermal asperity trouble occurred.

[0140] Next, Load Unload (hereinafter, LUL) tests were performed

using a hard disk drive.

[0141] The LUL tests were performed using a 2.5-inch hard disk

drive rotating at 5400 rpm and a magnetic head with a flying height

of 8 nm. The same magnetic head as described above was used.

A shield portion was made of NiFe alloy. This magnetic disk was

installed in the magnetic disk apparatus, the LUL operation was

performed continuously with the above-mentioned magnetic head,

and the number of LUL endurance times was measured.

[0142] After the LUL endurance test, the surface of the magnetic

disk and the surface of the magnetic head were observed by unaided

eye and light microscope to check the presence or absence of

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



SrO0+Ba0 0 to 3% Zr02 exceeding 0%to 5.5%or less. 57 Caim?9 The
gl ass substrate for a nmagnetic disk according to claiml, wherein the ratio
(L120/ Na20) of Li20 armount to Na20 anount is 0.38 or less. Claim10

The gl ass substrate for a magnetic disk according to claim1, wherein the

gl ass substrate has inpact resistance exlgditing wthstandi ng accel erations
of 1500G for one thousandth of a second. Caim1ll A manuf acturing
met hod of a gl ass substrate for a magnetic disk including the step of

appl yi ng chéhiisatequired docendure t4@a1006h1 Ulo timesgbassoruwithaut failure,
wherein the chem cal reinforcement treatnment is performed under sufficient
condi ti ons sand ipartigupant itasi suitaklegtd éndwre 600000t Upctimiesnostmens. | ayer
on a nmain surface of the glass substrate for a nagnetic disk is 49.1 pm or

| ess, and t Hat addétiomnin tuse envieonynenbetate aornad ynaiseds D ceHardl Disk
conpressive stress in a stress profile by a Babinet conpensator nethod is 6,
t he penetratDome) eitgtis saidt beatipyse mdsatmost iten yeaessisl agquines dowdhee y of
{12tel n(tan 6)(49.1/t)} or fess, the penetration length in the

upper nost - parumberdfriedk tirmgsrto exeeéer@i0h060.t he | onger di agonal in an

i ndentati on when a di anond quadrangul ar pyram d i ndenter of rhonbic
transverse q@dui3dn Whén \thet el Latedteswefe p&ddimadd th80miagneties désksad8i nst
the main surface with a pressing force of 100 g, the tan e is a val ue

{(-11-2)/ (PierdR2ngd &0I0;000t tithds @n sioresandapassednihestesiss #epther, dbhai ned
by the Babi net conpensator nethod, the t is a thickness of the substrate,

Pi is a compnagsietie dislesdvalare, réidovedaaft@rsiies LUL dest valdidnspected,a

conpressive stress depth, and L2 is a tensile stress depth. Claim12
and any abnormality such as a flaw and stain was not detected.
Further, deposition of the alkali metal component was not noticed.
[0144] The present invention is not limited to above-mentioned
Embodiments, and is capable of being carried into practice with
various modifications thereof. The above-mentioned Embodiments
1 and 2 are capable of being carried into practice in a combination
thereof as appropriate. Further, the numbers of members, sizes,
processing procedures and others in the above-mentioned
Embodiments are of examples, and are capable of being carried into
practice with various modifications thereof within the scope of
exhibiting the effects of the invention. Moreover, the Embodiments
are capable of being carried into practice with modifications as
appropriate without departing from the scope of the object of the

invention.



The manufacturing nethod of a glass substrate for a nmagnetic disk
according to claim7, wherein the value of y is {16.tlIn(tan
(9)-1-(49.1/t)}. 58 claim7, wherein glass formng the,glass
substrate fora magnetic disk is alum ggsilicate glass containing Zr.
Claim 14 A magnetic disk conprising: the glass substrate for a
magnetic di sk according to claim1; and a magnetic | ayer
provided on the main surface of thecglhggg substrate for a nmagnetic
disk directly or via another |ayer.

Claim 1
A glass substrate for a magnetic disk, the glass substrate being a disk-shaped glass

substrate for a magnetic disk, having a main surface and an end face, and being subjected to
chemical reinforcement treatment,

wherein in the glass substrate, a penetration length in an uppermost-portion stress
layer on the main surface is 49.1 ym or less, and assuming that an angle between the main
surface and compressive stress in a stress profile by a Babinet compensator method is 8, the
penetration length in the uppermost-portion stress layer is a value y of {12+t«In(tan 68)+(49.1/t)}
or less,

the penetration length in the uppermost—portion'stress layer is a length of a longer
diagonal in an indentation when a diamond quadrangular pyramid indenter of. rhombic
transverse section with vertex angles of 172°30" and 130° is pressed against the main
surface with a pressing force of 100 g, the tan 8 is a value {(L4++L2)/(P1+P3) } calculated from
stress values and stress depths obtained by the Babinet compensator method, the t is a

thickness of the substrate,
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.

Claim 2
The glass substrate for a magnetic disk according to claim 1, wherein the value of y is

{16+tsIn(tan 8)+(49.1/1)}.

Claim 3
The glass substrate for a magnetic disk according to claim 1, wherein glass forming

the glass substrate for a magnetic disk is aluminosilicate glass containing Zr.

Claim 4
The glass substrate for a magnetic disk according fo claim 1, wherein surface

roughness Ra of the main surface measured by an atomic force microscope is 0.3 nm or less.
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Claim 5
The glass substrate for a magnetic disk according to claim 1, wherein surface

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

circumference direction of the glass substrate for a magnetic disk.

Claim 6
The glass substrate for a magnetic disk according to claim 1, wherein a compressive

stress depth is 50 ym or more.

Claim 7
The glass substrate for a magnetic disk according to claim 6, wherein a compressive

stress depth is 100 gm to 150 ym.

Claim 8
The glass substrate for a magnetic disk according to claim 1, wherein glass forming

the glass subétrate contains in expression of percent by mass:

SiO, 57 to 75%);

AlLOs; 510 20%;

(where the total amount of SiO,+AlLO; is 74% or more)

the total of ZrOz, HfO2, NbyOs, Taz0s5, LaxOs, Y203, and TiO2 exceeding 0% to 6% or less;
Li-O exceeding 1% to 8% or less;

Na20 5 to 18%:

(where the mass ratio LizO/NazO is 0.5 or [ess)

KzO 0 to 6%;

MgO 0 to 4%;

Ca0 exceeding 0% to 5% or less;

(where the total amount of MgO and CaO is 5% or less, and the content of CaO is higher than
the content of MgO) and

SrO+Ba0O 0 to 3%.

ZrQ» exceeding 0% to 5.5% or less.
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Claim 9
The glass substrate for a magnetic disk according to claim 1, wherein the ratio

(LizO/Naz0) of Li;O amount to Na,O amount is 0.38 or less.

Claim 10
The glass substrate for a magnetic disk according to claim 1, wherein the glass

substrate has Impact resistance exhibiting withstanding accelerations of 1500G for one

thousandth of a second.

Claim 11
A manufacturing method of a glass substrate for a magnetic disk including the step of

applying chemical reinforcement treatment to the glass substrate,

wherein the chemical reinforcement treatment is p.erformed under sufficient
conditions so that a penetration length in an uppermost-portion stress layer on a main surface
of the glass substrate for a magnetic disk is 49.1 um or less, and that assuming that an angle
between the main surface and compressive stress in a stress profile by a Babinet
-compensator method is 8, the penetration length in the uppermost-portion stress layer is a
value y of {12+t*In(tan ©)+(49.1/t)} or [ess,

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 9 is a value {(L4+L.2)/(P1+P2)} calculated from
stress values and stress depths obtained by the Babinet compensator method, the t is a
thickness of the substrate,

P+ is a compressive stress value, P; is a tensile stress value, L, is a compressive

stress depth, and Lz is a tensile stress depth.

Claim 12
The manufacturing method of a glass substrate for a magnetic disk according to

claim 7, wherein the value of y is {16+t*In(tan 8)+(49.1/)}.

Claim 13
The manufacturing method of a glass substrate for a magnetic disk according to
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claim 7, wherein glass forming the glass substrate for a magnetic disk is aluminosilicate glass

containing Zr.

Claim 14
A magnetic disk comprising:
the glass substrate for a magnetic disk according to claim 1; and
a magnetic layer provided on the main surface of the glass substrate for a magnetic

disk directly or via another iayer.





