[ DESCRI PTION] [Title of Invention] METHOD FOR MANUFACTURI NG GLASS
BLANK FOR MAGNETI C DI SK, METHOD FOR MANUFACTURI NG (LASS SUBSTRATE FOR
MAGNETI C DI SK, GLASS BLANK FOR MAGNETI C DI SK [ Technical Field] [0001]
The present invention relates to a nethod for manufacturing a gl ass

bl ank TOESGRIMEING di sk, and a nmethod for manufacturing a gl ass
substrate for magnetic di sk. [Background Art] [0002] Recently,
a har d [Htlgf ¥ieponevi ce (HDD) is incorporated in a personal conputer

" ecor d Bt BOPHEDR MENIIAC FuRVIRI LERS AR R0 MM IBeg e R, Ereiop For

appar aMSNSHFAT SR ING GRASRO9KBRERATREAFOROMPAGRETIESBEIONGLASS BLANK. FOR
portability, a magnetic disk in which a nagnetic |ayer i's provided on

a gl asMAGHBITIAESKs used, and magnetic recording information is
recorded in or _read froma nagnetic |ayer using a nmagnetic head (DFH
( Dynanil Eechrigaigelddi ght) head) that is slightly floated on a surface
of the etic disk surface. A glass substrate is suitably used as
t he su&@?ﬁite for magnetic di sk because the glass substrate hardly

plastical ly detefdaest aschmPRIRst {0 thefRidafol infanStHREHTAL £ glagd YMRUBR magnetic
substrate) and the |ike. [0003] The magnetic head i ncl udes,

for exdrmys end amethgd dori amdaitwinge glags fubsttate fermmenetibdisk.such a

magnet i Qead cause a thernal asperity trouble as its specific
troublé.ﬁaC ‘%ﬂg%ﬂal asperity trouble is a trouble in which when a

nagnetk&xgﬁad passes over a mcro-irregul arly-shaped surface of a
magnetic drsk while floating and flying, a magnetic resistance effect

el ement i s heatadlypbyhadidadiadrve oip(HDD)ANimebrpotiidédiala Mrsoal corGRillet i@ DVD
a read error. Thus, for avoiding the thermal asperity trouble, the
gl ass $bimtel YewatleDipagareariiwgdippicaivs ipoegrate dgeoout Aata.halartewlady én the hard disk
HERE N T SRR TR T R—
[ 0004] magnetic disk in which a magnetic layer is provided on a glass substrate is used, and magnetic
recording information is recorded in or read from a magnetic layer using a magnetic head (DFH
(Dynamic Flying Height) head) that is slightly floated on a surface of the magnetic disk surface. A
glass substrate is suitably used as the substrate for magnetic disk because the glass substrate hardly
plastically deformed as compared to a metallic substrate (aluminum substrate) and the like.
[0003]

The magnetic head includes, for example, a magnetic resistance effect element, but such a
magnetic head may cause a thermal asperity trouble as its specific trouble. The thermal asperity
trouble is a trouble in which when a magnetic head passes over a micro-irregularly-shaped surface
of a magnetic disk while floating and flying, a magnetic resistance effect element is heated by
adiabatic compression or contact of air, causing a read error. Thus, for avoiding the thermal
asperity trouble, the glass substrate for magnetic disk is prepared such that surface properties, such
as the surface roughness and flatness, of the principal face of the glass substrate are at a satisfactory
level.

[0004]
As a conventional method for manufacturing a sheet glass (glass blank), a vertical direct

press method is known. This press method is a method in which a lump of molten glass is fed

onto a lower die, and the lump of molten glass (molten glass lump) is press-formed using an upper
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As a conventional nmethod for manufacturing a sheet glass (gl ass

bl ank), a vertical direct press nethod is known. This press nethod is

a nethod in which a lunp of nolten glass is fed onto a | ower die, and
the lunp of nolten glass (nolten glass lunp) is press-formed using an
upper dibi @afdiatidRiathret BTRUYMRGPIL eit.). FITGe vertiAt @irket Jldes MRIMHodCRYuires a work

direct press nethod requires a work gripping device for gripping a
gl ass BBRRE GRYiSF feceratiies aggies il dhianedkiegprouing el gikingsouslthriglass blark
froma,die .[JCtation List] [Patent Literature] [0003] [PTL 1]
JapaneZ8™5i¢%nt Lai d- open Publication No. 2009-269762 [ Summary of
I nvent {Gpliidh T8&Nni cal Problenj [0006] However, the known
vertical direct press nethod has the problemthat the flatness (shape
accur a¢RaterofLitaragirass bl ank prepared is poor. The reason for this is
as fol I[ (?OV(\)% i

[PTL 1]

Japanese Patent Laid-open Publication No. 2009-269762

[Summary of Invention]

[Technical Problem]

[0006]

However, the known vertical direct press method has the problem that the flatness (shape
accuracy) of a glass blank prepared is poor. The reason for this is as follows.

In the vertical direct press method, immediately after a molten glass lump is placed on a
lower die, only a contact surface with the lower die and a part close to the contact surface, of the
molten glass lump, are rapidly cooled to be solidified. Since glass has low heat conductivity, an
upper part of the molten glass lump (a part which comes into contact with an upper die) remains at a
high temperature while the molten glass lump is in contact with the lower die. Thereafter, the
upper part comes into contact with the upper die, and is thereby rapidly cooled to be solidified.
Therefore, in the case of the vertical direct press method, there is a gap in timing at which the
molten glass lump is cooled to be solidified between the lower side and the upper side of the molten
glass lump during a process in which the molten glass lump is formed into a glass blank. As a
result, the molten glass lump is warped in a concave way, so that the flatness of the glass blank is
increased (deteriorated). The gap in timing cannot be drastically suppressed in light of the press
system of the vertical direct press method.

Further, in the vertical direct press method, a mold release material ((mold) release agent)
such as, for example, BN (boron nitride) should be attached to the die beforehand in order to
prevent a situation in which the molten glass lump is stuck to the lower die and cannot be removed,
but when such a mold release material remains attached on the glass blank, the surface roughness
cannot be decreased. Preferably the temperatures of the upper die and the lower dic are made

identical wherever possible for preparing a glass blank having good flatness, but when the mold

release material is attached on the lower die, the heat conductivity of the lower die is deteriorated,
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In the vertical direct press nethod, imediately after a nolten gl ass
lunp is placed on a |lower die, only a contact surface with the | ower

die and a part close to the contact surface, of the nolten gl ass

| unp, are rapidly cooled to be solidified. Since glass has | ow heat
conduchhy kieYefortNit YP BETIcRBE usiforflte cOBl 8RR sOHARS JFURP glags PRAK iR fibss forming
cones into contact with an upper die) remains at a hrgh tenperature

whi | e pheessol tTdwerafdres shd gigss itdankn ppatedcly whe Hvettivel doeer prdsse method absolutely
Thereafter, the upper part co ﬁ i nto cont %ct wi th the upper die, and

i's t heFEIet APPRN) PESGEE BoPBENDS(§ridimEend shen di sHbsedpet ieecgses dn gyrder to

th ) . ; . . r ; .
the mor e s Bl BAe R oI BRAR iy AR o Lo g B o lankc
si de anpgbo7he upper side of the nolten glass lunp during a process in
which the nolten glass lunp is formed into a glass blank. As a

resul t, the Hoithesnthgl eesical wirgcti pressampiigd i raquires onwavke suipging sigvichder ghpping a

flatness of the glass_.blank.is increased. (deterjorated).. Th ap |1

{1 i no Bizan etk B ShPCRPTy S RREE B T SraoG Rt o dis e deeped Bhgve, but
i rect " nehe Blaa(hgfAchn BIRES IBUIRE atr pressipd {14 WRts elBhhaBeHEt oy thme int
such asontharwigxtepiLs bBhk pbdieaorfadd toiddehgs thewlds benkbt diehedadso t he

di e beforehand in order to prevent a situation in which the nolten

gl ass I[8]lis stuck to the |ower die and cannot be renmpved, but when

such a nold rel egse r’rﬁt rial rtemai attached. on & he .gltass blcfmk, the | P
surface roughieSYehmlottepdVGalgh LLoffi® PIEFE MBFYHGHAS t 8 nBBY iy fe e or
the UppehuficRrABth bhes bW Fodh8gihie cﬁ@é,j%P/' WGk iaCAhss HISTICHR AR EE BIsR having
for preparing a glass blank having good fl atness,; but when the nold

r el easegooditilzineas i3 shairtedchedran Himingpaenctioeé, fot heanh&aturmgnal gtdss \substrate for
of the lower die is deteriorated, and therefore it is difficult to

uni f or Aagnetiofislheng aglass hlak fgrmagistiglisss bl ank in a press forming

Process. Therr% Uifer cgql}gct%lfat?lg IQJIC%I?I%H porferlﬁgr Ef'gsegy int\)ggtli)c\)/neﬁst icocgl‘ovgcier § Hethod for
press nethod absolutery requires renoval “processes by

pol i shipngigictiMhisNg sRBALRAK F6r B B SN whER GeS8R8Slhdk Rirdfignefic disk having
i nprove the flatness and renove the nold release material sticking to

t he sumbad 8atwksstikebpimed bytpreasKornfi@@@7] in which a gass theak, or tatvke iserot demhged when
direct press nethod requires . .a work gripping device for _grippin )
gl ass A hedigsdidpymaihat faR it iBehirnn 8 asdspier magnetic

froma ghe as described above, but when the glass blank on the die is
gripped after pressing, the work gripping device may cone into

cont acSyutibn therogleags bl ank or die surface to dammge the gl ass bl ank

or die surface. [0008] An object of the invention of the
presentdO9GAention is to provide a nmethod for manufacturing a gl ass

bl ank for magnetic dis by, whi.ch a gl ass, bl ank for eti.c di.s

havi ng good f* é{’teWe%ﬁh? gb%ﬁ%ﬁsﬂétt?gwo Pagdhy BPW%‘?V@&%BW&&?B?W&Y conducted
manuf a i.n uhstdat -Gl nd l:as

for nagﬁmdéﬂﬁs’cg’ﬂ?s%@%ﬂ? @é&reg gt cg{d bj ecf[‘dr@%r@[ e Ifld'r%l\'/enpl'?i}agnlgl’o %g%h()d for
pr esentmadnufniringna ighast dlamkomicdeline e thiodnfbodinmmnud hotizoritaigdisecy pass method is
bl ank for magnetic di sk, by which a glass blank for nmagnetic disk _
havi ng cgBbRyeH| BB sa falips meitee glasy lumeisressrinimryl el 7 Raiiel diespress forming

255 A e B PSR, O R g4 90
nmagnet igrettiGikor tho@ddHeh Wask Purfh.Obinafd hb@RRR! direct press!Methb®WnBke Fﬂéeconventional

above-descri bed probl ens, the present inventors have intensively

conductvedicst dotea presandethed uhe antltep glessilsmg ia nob vehpopardy sefaorertiingontact with a
method. That is, in a method for, manufacturing a gl ass bl ank . ) o
accor dimgnees hering adappeipivehiowes thag that oh il meltereglassap £ VERt Rgpd of time until it

enpl oy§d il WHGH Tkl bi g iR S6ih BhRRRarbiy BRed:8 pPUE otifuRl U] A vcosity
distribution of the interior of the molten glass lump becomes very wide during press forming in the

vertical direct press method, whereas the viscosity distribution of the molten glass lump is kept
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even in the horizontal direct press of this enbodi ment. Accordingly,

in the horizontal direct press nethod, it is extrenely easy to

uniformy thinly draw the nolten glass lunp to be press-forned as
conpared to the vertical direct press nethod. Consequently, as

conpar efer @ th&BokAHeal \WEEHrassHrARIS cRlvdBindnd pﬁ%ﬁiﬁg ,uig'tﬂgh&%%ln al direct press
vertical direct press nethod, it 1s extrenely easy g rastica fy

suppr esstite 8ris oxtagmelp eady tohmifblatynéady diwenthe rablasisglisainkp its bp peRaT@ehed as
using the horizontal djrect press_ nethod. [0010] en a

di f f er SHERATER 1 é}ii’&@ftﬁlé%weas &P oRonisavently, gsiompareddp die dasewhere a glass

each o . L; - -formng the nplte | ass | | |

Che. 1 Bl aedShropitEd WITE 6 vifi Borc T Rnb G Mot SRePedely TRty auprress
to t hede@s6ravibe bEtht TRLRBOWRe R Blab 18k HighdRFNGEd the héiffital y}iecct giresss method.
because when the difference in tenperature between a pair of dies Is

smal | et0018]t hermal bal ance is easily achi eved when the nolten gl ass
at a high teﬁgieratéjgfe cones into contact the inner circunferenti al
“BYi%e™

surface of t RFRFS Iy [WEPEINPIF g @PSitied Sihsts, a BT phdies face each other at the

deteri gratd f 5 f t: a e, caused

by & vary CoRrf PPPe, bEZAARR HhesHan B RR BARRS o AL RN DB R R can e
pai r ddesestd theoteabd foths cagevicad teabbus-hiafiofdiREe 88 12tBE" ertlisisthecause
correlation between a difference in tenperature at a position where a

pai r ofvhgp die didfecensa din tenprstuest batween a peiroff Pesesssnfadlenianthetnhad habintens easily
gl ass acd Jel at nestﬁ of tthe Iassh%ank obtained after press formng. _
If thi 808V B 1l eﬂr%f{%ﬁ?t 4 NELPRRRATAR GUMET 0k efriace fhenipaer Gircumferential
tenper airce drahsaldihm 1ah - P&l i Taetligsube ALY
flatness rcequi red for t he&g %E@zggg&gﬁe& gég%a? dﬁ%&ﬁ%tnﬁg Oé?@ hgt\éﬁ&b%f the glass

det er nblagkl thdf ey, bartresedabyla gy enadbdifferdnesedaired 6f hel iBRAnaiRAbdtwedn a pair
dies is controlled so as not to exceed its maxi numval ue, flatness
r equi r 84S Abtherreling sage cand fugther Fugpressegneilhercds alcoralatibe betwieeme difference in

[ 0011] Fr.om f he vi oi nt. descri bed above, the first aspect of

the pr géné)r?_ at?rr?yz[énat %’)S_ﬁtl%glv%ﬁm% %pﬁlét(ﬁ\;‘%eﬁ‘_ eﬁ%ﬁ?ﬁﬁﬁ?%ﬁ“ﬁ‘egﬁg@gs%{oﬁﬁwg the
for magpeth Gladb skd iakeRs b ehdgass @laﬁl@romaﬂgadpiﬁé?%zés C{Bm?i'hgssI B fion is
| unp of nolten glass using a pair of dies. The tﬁo I n¢l udes:

obt ai nkmgyva acoaxiaiuat vave bed diftercnac dh fehrgreemoe (Asotuperpaugtieteednla waipéf dies for
of dies i.n.% ss-form’ng%the rmltenugl ass and flatness of the gl ass

bl ank BB Hatetsereapied o e rglang, subsieatelfor wagnttic digh hep healstanmined: Thus,
posi ti f g I; ' ' each other; determning a .
Gt er onge ) oREnRE A BhpHuffe bR CBEY oF LB BB R fot o excecd it

cor r el alakiamm vhiRe dldif ek eRpae@ iRlthd fdss JuBitnes for QLS €dsl & BRhEVESS
bl ank; and perform ng the form ng process so that a difference in

t enper K104tk of the pair of dies is within the determ ned difference
in tenperatuge. 0012% .rgaui r.ﬁd for tgg%gl ass blank may be _equal to
flatness of ooMafieY'PEPYRLReschifed ppoyen diesTitst asnfst rhgiveRieeenyinyentign may be a

det er Mgt @r B{a%ﬁ%@%urﬁghc?ﬁﬁgg Rfég?étfgdﬁ“g{%gg&ct &k %@ﬁéﬁcﬁﬂgé %kfo\rl\lﬁieﬁlrg]té{ggess of

magneti c disk is nmounte evi ce.

et hodpress-fommingf adtmpiofgmaltgl ghss bbiagke pair offelgnet The dhekod PGIREABbNMining a
in the form ng{) process, press foiniing may be perforned so that the
t enper SRITRII0HF bebwean; ATesmnce i tepaieratere ofisepair ehdiehicomssaformingehemidien glass

gl ass, _j tantiall e sane. [0014 . I'n,the_nethod .for

manuf at dls,llﬂ ?%ggsaog}héesgl%ﬁ éﬁﬁk f%?a“ﬁr?{gﬁ@?ﬁ %Iefﬁ Krming, dhe gﬁ%@?%euﬁ’%n%ﬁnetaﬁ‘ged at

pai r Ohosds ot R deids OB kad Rl A frlreh OinRQ) i

the no ?en gl ass IJ(gzlhﬁrri ng Sa apggi %%]ﬁelﬁi%ﬁiﬁlﬁﬁgl@%&B?Q?E%P%ﬁ@?éfﬁg pair of

separ adies| basednort ke direclatfdne the differsmica gnbislirpofitaeds teheiredi r thO@ld} blank; and
performing the forming process so that a difference in temperature of the pair of dies is within the

determined difference in temperature.

[0012]

In the method for manufacturing a glass blank for magnetic disk, preferably the flatness
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In the nmethod for manufacturing a glass blank for nmagnetic disk,
press formng may be perforned without attaching a nold rel ease
material to the die. [0016] In the nethod for manufacturing a
gl ass blank for nmagnetic disk, a thermal expansion coefficient at

100C t oe3DOC fof tle glassblabk amdy bbtegualad ffthas dfar raghate dBY. DEhd fatess of the
range of 30 x_104 to 100 x 10-7(1C1). [0017] I n the nethod for _
manuf adtagnretifgdisk i dedempnedniv mrevenha gt iremdpaghing the magpgtio fliskwihea the magnetic
gl ass .be press-for in the formng process so that flatness of

the gl gg%‘%ﬁ“&ﬁ’l}teﬁén %Hffrrcri?dgﬁk cﬂ:&c& [ 0018] The second aspect of

the presgnty invention may be a method for manufacturing a glass blank

for magnetic di sk, which includes a form ng process of press-formng

a lunp of nolht e ngdthebonsiangfaatupiap i ghdss dlaak fodl magrieac idokpreraplgde s forming

the lunp of nolten glass is press-forned so that a difference in i
t enper REUFE: BCSE ﬁ@”ﬁﬁg mays begpedormed po ey the dgmperpiyee af PoIEpah ek theepangof dies,

nmeasur eg.: at [ b f i i cing each other. [0019]
The th;%‘?il a%"%g%t &18?{1] @F‘?&e{ gé&rsgg%%?ds:faﬁ@élrlf {lhgﬁ’alﬁrlgy be a nethod for
manuf aggaugng a gl ass bl ank for magnetic di sk, which includes a

form ng process of press-formng a lunp of nolten glass using a pair
of dies. |In théefoethbddopmonwssirithe glasmblafk foolmasnety disk, ths temperature of the

e eI AT L MY AL
roane s E O Dk SRRl Y BAL BARY S G

al | owanex 5pf 50 pmor |ess to manufacture a gl ass substrate for
magnetic disk, the glass blank being manufactured with the nethod for
manuf act ur i nf thegngided Hoamrnilasturing nedliss Wk fogouanngiin giskoptebe fdriniisg may be

to the pE:r (I)rlilgeda\%%'?o%tt attaching a mold release material to the die.

[0016]

In the method for manufacturing a glass blank for magnetic disk, a thermal expansion
coefficient at 100°C to 300°C of a glass blank obtained after formation may be in a range of 30 x
107 to 100 x 107(K™).

[0017]

In the method for manufacturing a glass blank for magnetic disk, the lump of molten glass
may be press-formed in the forming process so that flatness of the glass blank is 8 um or less.
[0018]

The second aspect of the present invention may be a method for manufacturing a glass
blank for magnetic disk, which includes a forming process of press-forming a lump of molten glass
using a pair of dies. In the forming process, the lump of molten glass is press-formed so that a
difference in temperature of the pair of dies is 10°C or less, the difference being measured at
positions of the pair of dies facing each other.

[0019]

The third aspect of the present invention may be a method for manufacturing a glass blank
for magnetic disk, which includes a forming process of press-forming a lump of molten glass using
a pair of dies. In the forming process, the lump of molten glass is press-formed so that flatness of

the glass blank is 8 pm or less.



[ 0021] In a nethod for manufacturing a glass substrate for
magnetic di sk according to the present invention, a glass substrate

for magnetic di sk may be manufactured using a glass blank for

magneti ¢ di sk, the gl ass bl ank bei ng obtai ned by the nethod for

manuf a¢eo20j ng a gl ass bl ank for magnetic disk according to the first

to the third aspect. [0022 Meanwhi l e, in the horizonta

di rect pressAmeethod fopmasefadturng agliss spestiatr fue dnagabtig dak pacording tditls present
arranged so as to faé;e each.other i a(ﬁj ection arthogonal to the

fal l1 ngaRTaE Ry dclide hEOiRiimEOgready TUithine snelese bl BHB adnacdinipmallowance
dies a pPepe p a falls,. vertical,l .
due t 00 (o Braut (G o mERer QTR BN NSy BB ok, 17 S pdc veine
t aki ngnautfattueedgwab shdnathlod ffoomatifactdiity b glR0bldnRAB MAfnetRMsk according to the
therefare unlike the vertical direct press nethod, the glass blank or

di e i sfipbto haiigbespatien t he gl ass blank is taken out fromthe die.

Howeve 00 Ee present inventors perfornmed a | arge nunber of press

form ng 33 rations using the devised horizontal direct press nethod
descri bed abgyeme : : [

are opened, the gﬁgggﬁﬁﬁgﬁﬂﬁgghg%E%ﬁﬁgghgﬁg%g?}g£%%%$ d%nﬁ?ééﬁﬁgﬂtﬁépmﬁmﬁ
ar r angetventiors algtass aubnstrale folii megietiodisk Shayclee nbeufadtinek 8@ g2l &6 bRk themagnetic
gl ass gj ﬁnk ta(i@t he die is not strong, a method was contenplated in

whi ch S¥tethegiess dilank; keingablamed Hivrthe sneiosclos mepaa factusimet helasnblenk for mofgnetic
t he di g e nr, ormng surface (i.e. in the horizonta

di rect .818%)91%3%&‘&?%%‘85’?5@8 lbﬁtgﬁﬂgfpsecéet ached fromthe die by neans of

t he di arge force. This method was capabl e of detaching the gl ass

bl ank fromthe die, but had the problemthat the flatness of the

gl ass bl ank Meaaehiby, iiofetledizantehditdve prisa stividapless formassis pefdteeusing a pair
The reaé n for tr&is IS as fO||OV\%. That _is, which of a pair of dies

the gl 8591°BEHAREGASSOsTY, Ok faph cpeh R bR duRttEssoringomlds the &lbipg disection of the

Thus, di |kl |.Z Lrection t b er.for,

For botsrehgd: ge: Bhd bl P R B oLl el TS RS W s down
di schavgeically did toviay grasitPat wescasée dihas,towvhd @Epﬁiﬁ?d%@éﬁ)r%é oliSthe glass
stuck and the die to which the glass blank is not stuck, so that the

next nblapleArog Hesdie inpoti reqpreds aed] thenifbre urthibe éhe serticdlatiget phics medndethe glass
inte rature.between the dies. W ress formng. is. perfornmed

:/\/ni I en?ﬁggglufhg Isamt},cﬁ?’@g‘? WP?%&@@}?@S Eﬁﬁ%@‘?“a‘i‘ﬁ%‘%@%\ﬂg@n the dies,

the cooling REPERSS thédhresht B YRR ngﬁ%%ar ég&%ﬁg{ﬁ%bteggf g}?&gf{)ﬁ%{n};gggp%raﬁons

of the glass blank which i s press- a mat’ on

gener ateng thealsuised heridontad directipaesa hiesibdafesédtedfabai ) @a6 reshiBRLB]found the fact that
As described apbove, when a factor of increasing a difference in
t enper S¥tiradtep dichaEnonsnes ths Blessblpel iessirkdpans of armeimy digs arampéd e horizontal

| nd... - f i f t.h | t | , the flat f
ol acs SRR SinkP Bt B8fne 5ie RE e Hishofuth g esL® is nebsBpror atusghod was
The presedhplafd entdich ARy igede i@@ﬁ)éﬂt&ﬁ, HAR cﬁscglfargﬁ%ﬁ%‘oﬁgﬁn\éﬁfgglﬁsﬁf F)]f(") @%%ie toward

findings, a method in which the flatness of ass
det er i tearesd feveng wirdrcedi.¢.dottor hafzontat dzesiony aad dhd flaseslask isnletached from the

tenperatuyre between dies exjists between press formng of a nolten
gl ass giﬁéyd}“%%’é &%ﬁlﬁﬁla&e foFre. ndkts Iﬁ@ﬁl@g iagcapable qidelachingntbe glass blank from
i nclud g i wffer } rat.ur e.bet.ween .portions of
ooy "o LSRR AL RORRSR ARRLATEALOLMESyBELSER BRI L s bin

af or ensnhiseqeethieed.t | DitSreastsh fortthigriaab ieAYalihg RO wWiRhes @Faﬁ B¥ Qes the glass
surface contact with each other over a period of tinme until a new

mol t enblgnlaéssstick wde sakinavon fialess o wiesfaoe opereds Thusyidisghatt ef ai igltlesisorizontal

bl ank stuck to ope of. th ies is taken out fromthe die after the )
i o6 oL BTG PREGEHIHAOE BOPHiG Ufs: naiocavaovibe teEts e pemlnap a dic by

causesgi@caffel K aiPfakd YeRASNge Ai ol LRIE ML gliagk SIGHPEY LY S LBEEER which the

glass blank is not stuck, so that the next molten glass lump is pressed while there is a large

difference in temperature between the dies. When press forming is performed while there is a
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In the nmethod for manufacturing a glass blank for nmagnetic disk, the
thermal |y equalizing process may be a process of bringing a thermally
equalizing material into contact wwth at |east one of the pair of

di es. [0026] In the method for manufacturing a glass bl ank

for magmgd iffedkiel in ittmpdistufcobarivien ffeodies she poaimgr potess pagesbétaesi be surface
may be perforned so that the tenperature of portions of the pair of
di es, whd di¢ dbertsaeiace plthguflase hlargjlpiiaﬂslyph F%P@EPDg)Faﬁdalsalth%t & ¢rdoreatien is generated,

bet ween t In the nmethod for
nanufaEFBPWﬁdngeﬁpg§@°%P5ﬁ%ggﬁF%%agnetic di sk, the tenperature of the
pair ofmg%?s may be kept lower than a glass transition point (Tg) of

t he nDIten glass during a period of tinme until the glass blank is

separ at ed fr asdeheibdil ebafd, evhehagfactor nfirceeasingtaadiffetehes thi tempEA@28petween dies
In the nethod for manufacturing a glass blank for nmagnetic disk

press Pélrsﬁi Begwery PisEs E?émmﬁ Fba npkaioglassaandapsssn fpranngpptithegnexh guolten glass, the
mat er i

Cubst r S, P Fafheiiatpitbenet oppe Ry % SeR bR R Sehidtiel g Bresen

i ncl udeyanied isidedJoPHRIASS of @fe Mbé-ﬁ@écﬁge@ﬁﬁhﬁ§§ abth&Rkd YM #hich the flatness of a
machi ning all owance of 50 [tmor |less to manufacture a gl ass

subst r @tass blenk megr defedoditakgven Nséleglaafsstobbmkrebtanglg diffenerfcadih tmmibraiﬁntetbetween

t he net hod for manufacturing a gl ass, bl ank for eth dj
accor difif§ ¥&it ReWeehPioS Aupues | of poBRR glass and presaomBtoRt %érnext molten glass.

manuf a%ﬁrﬂl&ﬂ @1&“&%& Hgﬁé 3%@% e1mgﬂférﬁtﬁred%e§\%e%0§q2ﬁgﬂsr}% LS Jﬁhes which

present |nven I on, ass S e for magne

manuf agbtaech Msitn assgbya’éﬁn%hglﬂi’e Eff@felﬂ&ﬁ@%dl portibrSkand tahﬁerﬁiaﬂ§ gqidliaite material
bei ng obt ai ned mnt t he method for manufacturing a glass blank for

magnet fito @uﬁkcemmcdwrtg cach other ¢ ratisriad péme until a new molten glass is caused to fall
down for press forming after a glass blank stuck to one of the dies is taken out from the die after the
dies are opened. According to this method, even when treatment which causes a factor of
increasing a difference in temperature between dies, such as, for example, treatment for detaching a
glass blank from a die as described above, the temperatures of a pair of dies can be equalized in a
short time at the time when the next molten glass is press-formed, so that glass blanks having a
good flatness can be continuously obtained when molten glasses are continuously press-formed (i.e.
in the mass production process).
[0024]

From the viewpoint described above, the fourth aspect of the present invention may be a
method for manufacturing a glass blank for magnetic disk, which includes a forming process of
forming a plate-shaped glass blank by press-forming a falling molten glass in a direction orthogonal
to the falling direction using a pair of dies, wherein the forming process includes a thermally
equalizing process for reducing a difference in temperature of the pair of dies during a period of
time until a new molten glass is press-formed after the dies are opened.

[0025]

In the method for manufacturing a glass blank for magnetic disk, the thermally equalizing
process may be a process of bringing a thermally equalizing material into contact with at least one
of the pair of dies.

[0026]



[ 0031] Further, base of the findings described above, the
present inventors devised a nethod in which a difference in
tenperature between dies is not increased when a glass blank is
detached fromone of a pair of dies. Even if a glass blank is

attached to Bi@eGhetBodRr'm&uf4bn@fhgdd bREs Plhfl Sor QEFHCAB disk, HH TESHRRAE process,
in tenmperature between dies is not increased at the tinme of

pr ess- Priferibly prevs foing mulytenpagfamsd wh émt thretegipassurb lofiplrtions détirgiutdof dies,
using the.nmethod.in ich a.difference in tepperature between dies.

Ther ef STh C@Pg?égfhs Féﬁ%& 8[%5%1%31"@@865& the suee g%&fﬁelb@e@aﬁﬂf fifdusly

obt ai ngybz en the nolten glass is continuously press-fowed (i.e. in

the mass production process). [0032] From t he vi ewpoi nt

descri bed abhvée rhitkod ifdrt hadER@eingdh oldie bR SN nab MBIk thEBmRLatdre of the
met hod for nmanufacturing a glass blank for magnetic disk, which

i ncl ud@ar opdies graibgckent owienthag a ghess dwssition ppiot ffnl"ga@f dlqoma]tt? slhssphuding a period
I b k b - i falli | t .ass in a direct.ion
or ChogBhERS pat BR 875 bRREaRrSuel s e i 450 e RR e edhis i ot ng.

after tdwgform ng process, a detachment process of detaching fromthe
die the glass blank attached to the die is perfornmed w thout causing

a differenceln thetraethed &runendhcttiey paildss dlantti o8 magnetipekk Ofr8is@rming may be
after the detachi ng rocess, the form ng process by press-formng the
next nBfEYRICY WU f'&?b@ﬁamddfele%@ gl &9 thestie-t he met hod for

manuf agdydbi ng a gl ass blank for magnetic disk, in the detachment
process, al | east a part of the outer circunferential portion of the

gl ass bl ank pmByethsd @&Qh%ﬂ%ﬁﬂi%g As Tsﬁl%tl‘ﬂileeﬁar %&tt@dﬁi}g %ﬁ&)r@ihg?ﬁ 8136 fresent

in contact wwth each other. [0 n one formof the
for mamykaigeumangnadudyl apelishirgnkofess forggishing adglsds,blark Wi adedchitimgallowance
proces t Ieasﬁﬁg part of the outer circunferential edge portion of

the ol 85S0bRENRY 15 Bemewdnetreny BuspPpie opammeia Idesky the glass drok being
brank. Far e VR oo Lor BRIt o s BON: 165 oy 8RB o e
or conguiithelpeci th tinme at which the pair of dies having been closed
start s[c')[(}%o]open.

In a method for manufacturing a glass substrate for magnetic disk according to the present
invention, a glass substrate for magnetic disk may be manufactured using a glass blank for magnetic
disk, the glass blank being obtained with the method for manufacturing a glass blank for magnetic
disk according to the fourth aspect.

[0031]

Further, base of the findings described above, the present inventors devised a method in
which a difference in temperature between dies is not increased when a glass blank is detached from
one of a pair of dies. Even if a glass blank is attached to one of a pair of dies after press forming, a
difference in temperature between dies is not increased at the time of press-forming the next molten
glass when the glass blank is detached using the method in which a difference in temperature
between dies. Therefore, glass blanks having good flatness can be continuously obtained when the
molten glass is continuously press-formed (i.e. in the mass production process).

[0032]

From the viewpoint described above, the fifth aspect of the present invention may be a

method for manufacturing a glass blank for magnetic disk, which includes: performing a forming
8



[ 0036] In the nmethod for manufacturing a glass blank for

magnetic disk, preferably, in the form ng process, press formng may

be performed so that the tenperature of portions of the pair of dies,

whi ch contact the nolten glass, is substantially the sane. [0037]

I n t hepretdast fhofingapldtachapet Rhsa bR DS podsaiflrntiap afRIlAL mdtteflighlss i H@irection
tenperature of the pair of dies may be kept |ower than a glass

t r ansi ertbegopel i ﬂ(eTg)hnrgf dirqetionubingrs prineé difsr perdgoranipsrafisd the farmimg process, a

cont acEOEENS oy BnsE Rt o 1 drdingasy Btk ot ar i s performed
gl ass Bli@plt éa‘ﬂ&in@%%ﬁ‘&ﬂeﬁcéj?nstgmg%ﬁﬁé of &@[ﬁﬁirrﬁ‘ drasy aﬁfpﬁ?&ﬁ‘r@ﬁg%f%ﬂer the detaching

w thout attaching a nold release naterial to the die. [003

I n t he pretdrothefforming pudcast by prag-Brigingshe dxamntolfeaplagmgnet i ¢ di sk,
surface roughness (Ra) of each of the pair of dies may be 0.1 [tm or
| ess. [@540] The sixth aspect of the present invention nmay be

a nmet hod for manufact uri a. glass blank for magnetic disk, which, . .
"ncl udes a1 Bl ARdont SECRE iR Retleon s Foriicbinr RS btk gk in e
pr ess- letaPiéht Prodks, i YeadPh HEA RS SuteN cBctheRAHAORrAbE BeERN@Ahsst MadiRiay be
falling direction using a pair of dies, wherein each of the pair of

di es i nctlediehilabpthshades fund thergiase tlack arp ia cgasctt witlaeahatieerf or med by

closing of the pair of dies, and in the form ng process, the gas is
suppl i P3¢ t he space through the passage of each die while the pair

of dies are gl age q‘ornL %Q%ﬂnl method for manufacturing a glass blank for magnetic disk, in the
detachment process, at least a part of the outer circumferential edge portion of the glass blank may
be cooled by supplying a gas to the glass blank.
[0035]

In one form of the method for manufacturing a glass blank for magnetic disk, the gas may
be supplied immediately before or concurrent with time at which the pair of dies having been closed
starts to open.

[0036]

In the method for manufacturing a glass blank for magnetic disk, preferably, in the forming
process, press forming may be performed so that the temperature of portions of the pair of dies,
which contact the molten glass, is substantially the same.

[0037]

In the method for manufacturing a glass blank for magnetic disk, the temperature of the
pair of dies may be kept lower than a glass transition point (Tg) of the molten glass during a period
of time until the glass blank is separated from the die after beginning to contact the die.

[0038]

In the method for manufacturing a glass blank for magnetic disk, press forming may be

performed without attaching a mold release material to the die.
[0039]
In the method for manufacturing a glass blank for magnetic disk, surface roughness (Ra) of

each of the pair of dies may be 0.1 pm or less.

[0040]



A nmethod for manufacturing a glass substrate for magnetic disk

according to the present invention may include a polishing process
for polishing a glass blank with a nmachining all owance of 50 pm or
|l ess to manufacture a glass substrate for nagnetic disk, the glass

bl ank bei ng Tasikacispe@b\Nd freidAeinvBhtiatnhPbe AR RCIHH FlalGfaBufth@ 8 $1ass blank
bl ank for magnetic disk according to the fifth or the sixth aspect.

[ 0042] for magnetierdigk, nehinl dnglodesrvaherrang pracass af firasisg sublstershapedf glass blank by
magneti ¢ di.sk .accardi n o the present. i nvention, | ass _substrate )
s gt FEHAE & G helipa it B St 2 Gpsnvel o B Bl diraig R prioe  pair of
di sk, j ' C '

gl s S ShiT P DL R b s B B TR 80 e SR RECGEe mea by
aspect closidgvdnhaganusdies,faatis tef fobmiteriroent, theQ4siks suléplied to\Wd &pak®ehrough the
met hod for manufacturing a glass blank for magnetic disk according to

t he pr 83¥age efippehdicorhileghepais of dieasmk clased.magnetic di sk and a gl ass

substr@(ﬁ i‘or magneti ¢ di sk, which have good fl atness, can be
manuf a utl d by press forn ng. Wth the nmethod for

manuf act uri ng Ae@b@$s ﬁhﬁﬁ{é%tlflgfé] H?,%%@tshl‘}shq{esfﬁr ?ﬁég&?@é V\Eglétﬁg%dggﬁs CJ)[(C)) éhe present

present invention, a glass magnet| c (

f | at nessention olay andhedt dyolxhésproesniftigpolahihgvhg asstignkowas s hidikng Sllowance
taken out froma die, the glass blank or die is not damaged. [Brief _
Descri Bt iPEnHHf oD tﬁg@l]amﬁfg@mq a glass subsrate for imagactie diskedhé \edasyitdamk being

of  an. SRR Sk T Rerp I8Py B BTER 447 By BB botheE o e

enbodi ﬁmtorg{e@xtmgmg for manufacturing the glass substrate for
magnetic di sk of the enbodinent. FIG 3 is a plan view of an
appar af¥2lised in press forming of the enbodi ment

In a method for manufacturing a glass substrate for magnetic disk according to the present
invention, a glass substrate for magnetic disk is manufactured using a glass blank for magnetic disk,
the glass blank being obtained by the method for manufacturing a glass blank for magnetic disk
according to the fifth or the sixth aspect.

[Advantageous Effects of Invention]
[0043]

With the method for manufacturing a glass blank for magnetic disk according to the
present invention, a glass blank for magnetic disk and a glass substrate for magnetic disk, which
have good flatness, can be manufactured by press forming.

With the method for manufacturing a glass blank for magnetic disk according to the
present invention, a glass blank for magnetic disk, which has good flatness, is obtained by press
forming, and when the glass blank is taken out from a die, the glass blank or die is not damaged.
[Brief Description of Drawings]

[0044]

FIG 1 is a perspective view illustrating an external shape of a glass substrate for magnetic
disk of an embodiment.

FIG. 2 is a view illustrating a flow of one embodiment of a method for manufacturing the
glass substrate for magnetic disk of the embodiment.

FIG. 3 1s a plan view of an apparatus used in press forming of the embodiment.
10



FIG 4 is aviewillustrating press formng of the enbodi nent

FIG 5is aviewillustrating a nodification of press formng of the
enbodi nent using a gob form ng die. FIG 6 is a view

illustrating a nodification of press form ng of the enbodinment in

whi ch a cut t FI(g 4usk viawsillnetratingedess forming oFh&enmibotiBnent.vi ew

illustrating_a nodification of press form ng of the enbodi nent using

an optical gFHE39 ipaxieyilbytrainggs pedifisation efriess forpiag otheembodiragnt using a gob
i1l ust nfat i.ng .anot her nodification of press form ng of the enbodi nent.

FIG 98¢y i1l ustrating a correl ation between a difference in

tenperat ure PgY W€ vicwAlust@finglh @R dadiibh 8t PRES it & tAS SmBb&Ment h which a
Exanpl e. FIG 10 is a view for explaining thermally equali zi ng

t r eat mewitingfundiiesctiugedor ess formi ng of the second enbodi nent.

FIG 11 is a_view illustrating a change.in tenperature of the press .
form ng surfiEé of RYEH Gpstating; s mefifigaten plpisrelonnieat ibe epbgdiment using an

thernalﬁéﬁ%a?gﬁ%ﬁé&éﬁ%fé?o%ﬁﬁqgﬁlﬁqfacéhe di es according to the second

enbodi aVviewillustrating a change in

t enper at ur e BiG.181e a RIRSHIuk@itMoNGhotief mdeHicafioreeTitesf fomniRgiof tHRfentio@fment.
before and after the thermally equalizing treatnent of the dies

accordi ng t oFihed sexwiet Blvswdingentorrelation betPe@ a ifférence iwitemperature between a
st et g2, 0r SUPRLULNgeR 6 10 8 space formed by

<First Embodifgniyis a view for explaining thermally equalizing treatment of dies in press forming of
the second embodiment.

FIG. 11 is a view illustrating a change in temperature of the press forming surface of each
of a pair of dies before and after the thermally equalizing treatment of the dies according to the
second embodiment.

FIG. 12 1s a view illustrating a change in temperature of the press forming surface of each
of a pair of dies before and after the thermally equalizing treatment of the dies according to the
second embodiment.

FIG. 13 is a view illustrating a method for supplying a gas to a space formed by closing of
the die in press forming of the third embodiment.

[0045]
<First Embodiment>

A method for manufacturing a glass blank for magnetic disk and a method for
manufacturing a glass substrate for magnetic disk in this embodiment will be described in detail
below.

[0046]

[Glass substrate for magnetic disk]

As illustrated in FIG. 1, a glass substrate for magnetic disk 1 in this embodiment is a
donut-shaped thin glass substrate. The size of the glass substrate for magnetic disk is not limited
but for example, a glass substrate for magnetic disk having a nominal diameter of 2.5 inches is
suitable. In the case of the glass substrate for magnetic disk having a nominal diameter of 2.5

inches, for example, the outer diameter is 65 mm, the diameter of a central hole 2 is 20 mm, and the
11



A nmet hod for manufacturing a glass blank for magnetic disk and a

met hod for manufacturing a glass substrate for magnetic disk in this
enbodi nent will be described in detail below [0046] [{d ass substrate
for magnetic disk] As illustrated in FIG 1, a glass substrate

for magnedness Tiissk6 to 1)0 hii S ToehathesRo the pridcigfMite SBPSMHiss ibBirab Q@rsmagnenc
substrate. The size of the glass substrate for magnetic disk is not

lim tedle@ff theoemegdimptels, fr gkamplestipot prless, faod theagmiate coughadss mawthm@tlamean
I t 5. t abl l.n th f th

cubst r EhRER A g nF oarBRl Fikgii5goh ciomp P 2Umaie B oft B ' gHed that the

f )

hol eeéﬁ?@‘”’ﬁ feimfe%? AR b R E Rl ) SORAB e gL s

of the[(i’hci pal face of the glass substrate for magnetic di sk of the
enbodi ment is, for exanple, 4 p.mor |less, and the surface roughness
(arithnetic ﬁﬁ?ﬁpho@ﬁ@ﬁ%ﬁﬂbﬁf)te @lasg.hwdprlin lsas, Hosesdlidats, ghasy oefdambkte can be

0.2 t b flat
oubst 1 50 4557 Frattrel bF Ol SBUER, Kitthag Pl ek MOBR PR o Poart: e
or | esgmotfR8dy hlummosﬂ;ca@é@fa@@‘é% Rl #iaPRShdelcat ﬁag Eﬁéﬁm&lﬁpgﬁ‘er{ag]'tﬁggl ng can be

gl ass, borosilicate glass or the like can be used as a ndteri
t he gl performedstmchn eldfse subrigteefor anaginstc disktdxicalletrivo Antmest of the principal face and
Parti cuI arI O%fﬁ?he anor phous al um nosilicate ?I ass can be suitably

used i B & SHRsHpie a8 e g g Hblsdﬁ?fef?@ Sl EmGFITeYS g&ﬁ%lS@f@?ﬂé@%based on

substr ness .of the nci

face a%ge I(ra“gésngt %HQ% Ibg%%és&b % ?E‘Lé"ﬁ@%%‘h é:epr)regphg?sgds acf}ileve ‘[-’18&69&%3 above,
i T anoiibheudegblesBorh Shfpb@tﬂadsﬁébt RASLENAR ahd @&RICHIRHS suFRlce rrb eﬂeﬁ%ﬁﬁﬁphous
extrenely small surface roughness is achieved. In view of the above,

it is plusfieesdisate glasons prieparbdt h aspect of strength and reduction in
surfacFOOr4§jjghness i f anorphous alum nosilicate glass is prepared.
[ 0048] The corrposi tion of the glass substrate for nagnetic

di sk of thi steahagi dfﬁ%{gihss égﬂl& Htor Mlonb DGl B8 S SYRSIAA {e i?fwt Limited,

this enbodi rrent IS pre era anor phous al umnosiTica

havi ngba thenghs istbsaatel otcthiscintigpddfleritds pEForablyShaR, oflarh@pA&Ld .ﬂumﬁio&@@ate glass
5to 35%in total of at | east one coggonent sel ected from Li 20,

and 1( b@ln&)a compostiohinchdie ¥ toats% eh8i0nphdo d@%pdn"ellz@s,%ééfyem tbtadmf at least
(I\:/grrpon Mt ©Q %P%}?Pegel%? ddmé glnST%(ﬁQS aﬁ%@ t OE@% é‘%tgl ‘ljﬁl'&étﬁ@?g’ﬁﬁ component
L1759 R o) o 240 8580 ), 088, o componen
anor phsaliectal oimdsdd, i'lGa.eLaps ¥.0aviast Wb, 3okl WiDg is anpesdd-bazsd conversion
expressed in mol% .
[0049]
The glass substrate according to the present embodiment may be amorphous
aluminosilicate glass having the following composition.
Glass material including, as a glass composition expressed in mol%,
56 to 75% of 810,
1 to 11% of ALLOs,
more than 0% and 4% or less of Li,O,
1% or more and less than 15% of Na,O, and
0% or more and less than 3% of K»0, and is substantially free of BaO;
a total content of alkali metal oxides selected from the group consisting of Li»O, Na,O, and

K>0 is in a range of 6 to 15%;
12



G ass material including, as a glass conposition expressed in nol%
56 to 75% of Si02, 1 to 11% of Al 203, nore than 0% and 4% or | ess of
Li 20, 1% or nore and | ess than 15% of Na20, and 0% or nore and | ess
than 3% of 1(20, and is substantially free of BaQ a total

content of ahisaidr raes &f a Eonitehe 81 BOA6 hednichOi NHO @i, DINat)is et thag 000;
Li 20, Na20, and K20 is in a range of 6 to 15% a nolar ratio of a
content of L#200kp ratie ot @ronteht Nd282Q Lio2 treNistd) condent egfls thenglkal). metal oxides

metal AR RIS 38 o 156 1o 0. 13 o Less: | atota
content. g; g%. K@tk 5&1&@@% Qlk@ﬁﬁ@!ear?féhu?%? g%i?gﬁgéelé‘% hiom &Q%bggpowsmm% of MgO,
cont enCaof angS}(hmdn eafddesfilo ta3pdnge of 10 to 30%

a total content of MgO and CaO is in a range of 10 to 30%;

a molar ratio of the total content of MgO and CaO to the total content of the alkaline-earth
metal oxides {(MgO+CaQ)/(MgO+CaO+SrO)} is 0.86 or more;

a total content of the alkali metal oxides and the alkaline-earth metal oxides is in a range of
20 to 40%;

a molar ratio of a total content of MgO, CaO, and Li»O to the total content of the alkali
metal oxides and the alkaline-earth metal oxides
{(MgO+CaO+Li,0)/(Li,O+Na;O+K,0+MgO+CaO+SrO)} is 0.50 or more;

a total content of oxides selected from the group consisting of ZrQ,, TiOs, Y205, Lay0s,
Gd; 03, Nb,Os, and Ta; Qs 1s more than 0% and 10% or less; and

a molar ratio of the total content of the oxides to a content of ALO;
{(ZrOy+T10,+Y,03+La;03+Gd203+Nb2 05+ Ta,05)/ Al O3} 1s 0.40 or more.

[0050]

The glass substrate according to the present embodiment may be amorphous
aluminosilicate glass having the follwoing composition.

Glass material including, as a glass composition expressed in mol%, 50 to 75% of Si0,, 0
to 5% of AlLOs, 0 to 3% of Li;0, 0 to 5% of Zn0O, 3 to 15% in total of Na,O and K0, 14 to 35% in
total of MgO, CaO, SrO, and BaO and 2 to 9% in total of ZrO,, TiOs, Lay03, Y20;, Yby03 TaxOs,
Nb;Os and HIO,,

a molar ratio [(MgO + CaO) / (MgO + CaO + SrO + BaQ)] is in a range of 0.8 to 1, and

a molar ratio [ALLO; / (MgO +Ca0)] is in a range of 0 to 0.30.

[0051]

[Method for manufacturing glass substrate for magnetic disk of embodiment]

Next, a flow of a method for manufacturing a glass substrate for magnetic disk will be
described with reference to FIG. 2. FIG 2 is a view illustrating a flow of one embodiment of a

method for manufacturing a glass substrate for magnetic disk.

As illustrated in FIG. 2, in the method for manufacturing a glass substrate for magnetic disk
13



a nolar ratio of the total content of MgO and CaO to the total
content of the al kaline-earth netal oxides {(M0+Ca0)/(M0+Ca0O+SrO0)}
Is 0.86 or nore; a total content of the alkali netal oxides
and the al kaline-earth netal oxides is in a range of 20 to 40%

a mol atn that dngbodimant! Bish dRRELGd @ss MRk i ardB By lpk 9 iDL PEBY).  Next,
content of the alkali netal oxides and the al kaline-earth netal

oxi des the(figoedCaless blawy is(dcred Na@p4(R @0t LaPedSpBy substrite §Btep “sz‘“; r ggext, the
t al tent qf i.des .sel ected f th oup .consisting o ro2,

Ti 02, YR ety oibsugie i BabieR b s bR RIOTEP05 (FaTHBEE PRSSSD fiep S8 Next,

or | esge gad su}asti?[tez (1)%3159?&@% foPEiiR8 ubillf ot I ab(}ﬁ’srfl&eeggainOESt&pgétﬁf.(' %e%d, edge

to a contéent o

{ (Zr 02pdlishieYap drel AG33BIR43 TNP2ASTRR gy B5EN3Ndx8, Me 4RineipalBc8 of the glass
[ 0050] . The gl ass substrate according to the present enbodiment =
may beSERBRISAbEEDIefadip Avsipolishing(Gem8ehaeny thef@aﬂmllﬂbmtmgﬁer ﬁr_S’C polishing, is
conposi ti.on. .G.ass mat.erial i ncludi ng,, as gl.ass conposition

exg]ro o5 SUSIH! rtr"?)lCC%‘:’mé‘g'l]?(oSJE PN 9P (§u’g 5OEHs tﬁ? 2‘6‘@{“"@?@ 0 téﬂ%g@fn?d glass
Li 20, 9 3 Ot Na: 4 ol
t ot al g%&%%@ %gb, Sr 5§ SgénbélJi a%sglﬁgqg)%o@%)% [ %nzget: %&gT %%tr%t:eo%? qrﬁgggﬁé diste is
La203, odf28d thrb@fidthe ab2@prodds@B5 and HF 02, a nolar ratio [ (MO + CaO

/ (MO + CaQ + Sr() + BaO] is . in a range of 0.8 to I, and a nol ar

ratio [ Al 2033 mvpesss-eabhs dessribef ig detpilelf. 0 to 0.30. [0051] [ Method

for mag}bf turing glass substrate for magnetic di sk of enbodi nent]

Next , fS?gw of a nethod for manufacturing a glass substrate for

nmagnetic di sig)W | | plog migsedd Beecksei$tbp Keherence to FIG 2. FIG 2 is a
viewillustrating a flow of one enbodi nent of a nethod for

manuf act ur i ngird, tlegeesssiohsingaireceso wilibgnizsirdedigith reference to FIG. 3. FIG. 3 is a
plan view of an apparatus used in press forming. As illustrated in FIG. 3, an apparatus 101
includes four sets of press units 120, 130, 140 and 150, a cutting unit 160 and a cutting blade 165
(not illustrated in FIG. 2). The cutting unit 160 is provided on a path of a molten glass that flows
out from a molten glass outflow port 111. 1In the apparatus 101, a lump of molten glass
(hereinafter, also referred to as a gob) cut by the cutting unit 160 is caused to fall down, and the
lump is pressed from both sides of the falling path of the lump while the lump is sandwiched
between surfaces of a pair of dies facing each other, thereby forming the glass blank.

Specifically, as illustrated in FIG. 4, in the apparatus 101, the four sets of press units 120,
130, 140, and 150 are provided at intervals of 90 degrees around the molten glass outflow port 111.
[0053]

Each of the press units 120, 130, 140, and 150 is driven by a moving mechanism (not
illustrated) so as to be able to proceed and retreat with respect to the molten glass outflow port 111.
That is, each of the press units 120, 130, 140, and 150 can be moved between a catch position and a
retreat position.  The catch position (position in which the press unit 140 is drawn by a solid line in
FIG 3) is located immediately below the molten glass outflow port 111. The retreat position
(positions in which the press units 120, 130, and 150 are drawn by solid lines and a position in
which the press unit 140 is drawn by a broken line in FIG. 3) is located away from the molten glass
outflow port 111.

[0054]
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As illustrated in FIG 2, in the nethod for manufacturing a gl ass
substrate for magnetic disk 13 in this enbodinent, first a

di sk-shaped gl ass blank is prepared by press formng (Step 510).
Next, the fornmed glass blank is scribed to prepare a donut-shaped

gl ass substr@hechtBheRnSAe) is Pwtdedionen panidpesk BbAGS sRSdtHa&EtheSatch position
subj ected to shape processing (chanfering processing) (Step S30).

Next , f{iwsitighasswvisiabdhe goleid eaptwbi bytibe ptass gnithaid theusbhen glafd satflow port 111,

abr asi rain (S 40 xt,.edge polishing of the glass

Subst r AP tyigng eﬁlft3Sﬁéwé%@e%@%mgﬂw%sstbﬁéug%gmwr gy of theppolten glass
| ass I jiect I i sy . t :

ol as CURBHd AlGrond R HRIRGBts oAl PA | Theltteing ofR, 198 HclnddE et Butting

strengbhded ngl 4nt B2 STOE cutN@ybiaded €6 eI 62adrk Wriséd &N oemetedtleadsother on the
substrate is subjected to second polishing (Step S80). The gl ass

subst r aeté fdhe majnetass @t sknstant Hiting. nSheh sugkinehidladgsold gndold@sistessect cach
o DTS STe oG TSRS R ! BRLON ekl P8 AR SR e

wll bg.dgseribed with reference to FIG 3. FIG 3 is a plan view of

an apparatus used in press formng. As illustrated in FIG 3, an

appar af@5101 i ncludes four sets of press units 120, 130, 140 and

150, a cutting unit 160 and a cutting blade 165 (not illustrated in

FIG 2). TheTgwmﬁwma A4 incBigles 8 f‘ﬁ?"dg? beld aggeandytie A25fa Brshetiviag vgitd3s and a

that fl t . f I t .l t. 111 In.th t

101, a~Rale Whvinsh AR 231 e HERES AR 1ArQY' pererridioieo i RER Bl Sheped
cut by nfdibes tichidish B Bhitfacktded %o ?é-ﬁiﬁﬂth& Présaltbrnia¥ior OG0k NeTALHIR BR 121 and
pressed fromboth sides of the falling path of the lunp while the

| unp i $hesanond dizel?2bat wegnssusichaba roirmal giagations ofl ilessuffacesnioecemetsubstantially
ot her, therehy fonning the gl ass bl ank. Specifically, as. . .

i 11 ust ﬂlalf%qaﬁ'«ﬁnalﬂ és.wh4t?1a'i ﬁwt%@%p%ﬁca% Pasadiel tq gachs ofher. sdihg Tspt JHivdag unit 123
units 0 18N r i i a 0, Pdegree

ar ound%%'%gs no f‘%ﬁﬁ% gésgoétg ?ﬁegﬁ%sg% ?géfcll\%ﬂl F%B%cg}tgwe ée%og‘{zg%hl%f tcﬁjeﬁ'le other

press umhd, Shel&ond 3lving4it @AkabS thésédbhd @it I @ J1Bdted AndRGRAN WM respect to
(not illustrated) so as to be able to proceed and retreat with

r especthe first Hee hall-t dinchloddbe ot fdrivimgoemt 123 and Thrasecosd deaitg wiit 12¥eincludes a
ress units.12Q, 13Q, 140, and 0_.can .be noy be en catch .
st i STFLRiTE Wtnahs MioUraron M AL Gt o8 (BHars Pon I ULRes G pecond driving
whi ch eSS j ook i g1 in.FE i . .
WL Ch i PSSk 1y AU Pk B4Rl Bl By which an s

r et r eatylpakt bt O801€N9S whd 9066i] bpringure borthbigedir ess units 120, 130, and

150 are drawn by solid lines and a position in which the press unit
140 is dr awnBgseuge Breofasturesne the prasgunigs) 1305 180.cadeld Ozmayintifap e thae of the press

ol ten ug%teﬁ& i Eléslcgi,)\{itpn%r(}f thlell}réss[u%cl)tgﬁgo, 140, and 150 are omitted.
[0056]

After each press unit moves to the catch position, the falling gob is sandwiched between
the first die and the second die by driving the first driving unit and the second driving unit, and the
gob 1s formed into a predetermined thickness while rapidly cooled, thereby preparing a circular
glass blank G Next, after the press unit moves to the retreat position, the first die and the second
die are separated to cause the formed glass blank G to fall down. A first conveyer 171, a second
conveyer 172, a third conveyer 173, and a fourth conveyer 174 are provided below the retreat
positions of the press units 120, 130, 140, and 150, respectively. Each of the first to fourth
conveyers 171 to 174 receive the glass blank G falling down from the corresponding press unit, and

the conveyer conveys the glass blank G to an apparatus (not illustrated) of the next process.
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The cutting unit 160 is provided on a path of the nolten gl ass

bet ween the catch position (position in which the gob is captured by

the press unit) and the nolten glass outflow port Ill. The cutting

unit 160 fornms the lunp of nolten glass by cutting a proper quantity

of thergmtsien glass flowing out fromthe nolten glass outflow port

111. The cutting unit 160 includes a pair of cutting blades 161 and

162. The cut ThagppirateslW61s anolfighted aneh dhitvér pesasnito 120 d88e¢40, and 150
each ot her qgithe path of the nmolten gl ass at constant tim ng. Wen

the cuftIUREIEYagrYe 1191 thengatels Positioar ¥ mavgclw Hienegireat mesitipn twhilythes gob is
is cut i t al . lLI.s_down. t oward.th .
catoh SoRAHE & BAEuR Yhess KR UGB Be S i S/ ding B e cooling
di e 123fthe pheebndk & & chdRpreds fdif.st driving unit 123 and a second

driving unit 124. Each of the first die 121 and the second die 122 is

a pl at €058hped menber including a surface used to performthe press
formng for 121 and the second die 122 are

ob. The first. di
di sposed s uc{ﬁ&? ﬁg?) RdFhRrrefPreBealbhilugratesaes fprmiag perfermpsdey the apparatus 101.
subst aptd : i . t : .
o oach Grnay i SHSH M Sty SHEhelels 2f EHEUATAT: PREATS A Bhitftape me
pr oceestatend width thatgobiis madebpeiad cutiongd et 561 and FUG.et ¢2% a Gewlingstetingkhe state
hand, the second driving unit 124 causes the second die 122 to
pr oceed Whigh s glawblank G iy sped by prsstingtheigobt di e 121. Each of the
first ﬂkjgjng unit 123 and the second driving unit 124 includes a
mechan Sél or causing the surface of the first driving unit 123 and
the surface gk ifilieRACANACHY (4} N0 oS8 ideRerlP L ARDARYOBLLHENE out from the
cl ose to each other, for exanpl'e, a neChanismin which an air
cyl i ndewlten ghssoltnwipdrialid. aAd thi$ psipt, itrgeuatig wondnedriven at predetermined timing
Because t he str?ctures of the press units 130, 140, and 150 are
si mi | af® £ thegoligh slase nstaigl Loasing the cutting bladst 1§ handb he2 GGt Héb)r eBkerefore,

units 3300t jrﬂ&%eﬁla@gsslé%oﬁl%g .aoﬁl‘ibgttal?t?ﬂlé/[ %ﬁ?ﬁ%% ggoB O%G idgé‘ gé%&ﬁ@ﬁ% &ffl)nrs:l%%s‘zhereof.

unit noves to e~ cat ch position,

bet weendjR@néritb$ theivell R uiriRy pEARAE oFih8 nbited sk Rt RELE bhd theWhivitigGterval
unit and the second driving unit, and the gobis fornmed Into a

pr edet ef Henadtinghigk he® srawttic] appragpiatily pedaired, acttidirgbly prapakidetrained by the
circular glass blank G xt, after _the press unit noves to the

retreagw S %?naﬂ@&¥9ﬁ ?g@ﬁgﬂﬁﬁﬁGthe second die are separated to

cause hﬁ%OLorned glass blank Gto fall down. A first conveyer 171, a

second conveyer 172, a third conveyer 173, and a fourth conveyer 174

are provi dedThemaie bteGy,dhltddwipRsiatd 985 BétwibethRIassdien2 { endl@Rond 88,122 of
140, and 150, resBectiver. Each of the first to fourth conveyers 171

to 174thegquessygittlRe. ghatss phinhkhedirsadrivingundbiis 4ndahe s¢vend driviegpoiid b see FIG,
it, d t h | . b k Gt

Bppar af e o P E SR Qe of TAE SR poiddis | 2] Bryse pfosé o cach tper at the

appar atissng 8t do @f&{th@iﬁ@g%ﬁﬁﬁre&hﬁfe rBEiP195 Snd! 'fﬂaet %8%1539?% ]1?26\ #iQefore, as

and 150 sequentially nove e catch position an

r et r eatllystrstied iroRIGI(L)e thehmbdadisi capisiasddeingiheithetgeentthatirst B 191 258 1 *RBénd die
G can continuausly be fornmed w thout waitin%Afor the cooling of the '
gl ass bFankAie inper gdeamiereaiial syrface [1@bsef the Tirst die H2G, angl pry)inney dirsymferential

j fi RV i fornmed b h
opar abfick g2k of dd SHBhE ULTRPEGRE ol BF Th BIPFhE" b lorh e pthersob O
gob i ssdradechelf! Katwéen( e irﬁeﬁcﬂ&&ﬂfeiénkiﬂﬁ&ﬁr?&cgn@ita?ﬁg) fbagS: d MY Ghd YRE inner

gob is nmade by the cutting unit 160, and Fl IS a Vview
i |1 ust ciatunmigrenhel sirfacel2%a ofithe becbhe digl 1289s idrareld ifdoi ssthfrpplaedshbye. A projection
pressiTglthe gob" LDOS

b and & projection I%Eb are provided in the first inner circuamferential surface 121a of the first
die 121 and the second inner circumferential surface 122a of the second die 122, respectively, in
order to keep the gap between the inner circumferential surface 121a of the first die 121 and the

inner circumferential surface 122a of the second die 122 constant. That is, the projection 121b and
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As illustrated in FIG 4 (a), a nolten glass material LG continuously
flows out fromthe nolten glass outflow port Ill. At this point, the
cutting unit 160 is driven at predetermined timng to cut the nolten
glass material LG using the cutting blades 161 and 162 (FIG 4 (b)).

Ther ef eieeprojdedon UR2mabitespagisasschbeheneshapesutbst gapthetleésn $phahdércatcug@irential
GG due to a surface tension thereof Adjustnent of the outfl|ow ) ]
quant i Syrfaser 244 pbtheflirstide ﬂn’él ﬂ@wﬂ@um chrapafaretial guréasel | 2Preoidthe veqegd die 122 is
interval .of the cuttin ropriately perforned

accor d??%cfnés%ﬁvﬁth a;ﬁ fi]q a‘besfgtgﬁ%er?tggget si ze and thi ckness of

the glass bl apks %nnﬁ@@@]arformed usingdGail BB I00 {4 halih ﬁlegﬁ’m ffn‘i’i‘ﬁﬁ% Brdess in
gap between the first die 121 and second die 122 of the press un

120. Apreshifenpog nd thit hebbddirrent, dnd thegutenshapt 233 thadlashblagkedonot @etricieddy the
unit 124 (see FIG 4) are driven such that the first die 121 and the

secondskfpe of2be disive Thpbise at dlustiated g HBE: 4t(ck mee gethftricheddygelpsadalies does not
enters n t i e 121 and the second die 122.

Ther ef 5%agﬁp%3gﬁt%%ﬁ%2?&a%ngzﬁ|2% ﬁﬁcgéf'(c), the gob GG is captured
(caughtgoghet ween the first die 121 and the second die 122. An inner
circunterential surface 121a of the first die 121 and an i nner

circunfer ent i‘\atbm@cmaﬂmc eort R anarhatike (aetcidimtrzdecé 14 pBrvadedenchos ef the feacdie 121
ot her wi cro gap, and the g

d bet th

ci rounf Tt Bo? R camemsiggs e fis: die 1 n Secotiit N2 fsmaisied sufficiontly
' f

7Stk ok LR dsets ol D8 SN, 2R (2 COUTRE UL

provi daendla rélbse mdigtal idhe Iﬁrﬁld!i@unf gident btbné ticf1226n ﬂh%%:ﬁ\es@ffoﬁrhﬁg pidceds.
die 121 and the second inner circunferential surface 1 of the

second[@#iG@] 122, respectively, in order to keep the gap between the

i nner circu Erential s rfa}e 121a t he flrst die 121 and.the.i nner

ci rcunf er ent i PTSdE A EE 4198 Weeelhaeagfaﬁeﬂwa i %mli‘i‘%tuﬁ‘foﬁts% grgitionrdiers the inner
the preieghfe gé}xtl%ﬁgigfa%gq la Bhﬁlepﬁ@i 8ti29Mnk 4RO i lﬁ?}’hragﬁfe Tna}e?"}ﬁ‘ﬁce 1 2a of the
ot her, e gap etween the inner circu erentla surface 1

of the sédohﬁtdlcdllm Izt cacitothee af theaime of presd-Bireitg dk wbrdgead FRfssobf the glass
the second die 122 is kept constant, so that a plate- shaﬁa ed space is

gener abkgk obtained aﬁi?le@f@SSf formingg |T§atp@r ther ﬂ@aeswf rfhe alagnplanksfobpieagd affer press

and 12 ress rocess .in SS

enbod Aumint Se Rt i e RiBhRER R R PaBRe of & Rbed B uSos s the inner
by the cﬁbtﬁﬁferé?mftiai Elﬁfa‘éb q21d Bﬂhe‘ fest 8% 121! 4@ uiflr bicdthferenfial ﬁ))rfacé h§2a of the
gob stretched by cl osed dies does not reach projections 121b and

of the setioas di§ 0RB dpcreases. This ischoeunst whan merchﬁf@bnomnhamp&mu(mbetween a palr of

illustrated) is provided in each of the first die 121 and second die
122, antestieapelis atkeamal belagceris aghieysdbwhen theepbsde gha Mgl tempergtyre comes into

retai n%gn? fftHe Frﬁ{él‘ l%r&h&‘f@ént alf' Qg ey ﬁl%sdzter%'% tﬂ%e%fnnfg L & {)Siea_ so that

of the necessary to at ease

nat eri @bteh@rahbﬁ JFithe Flaghess éﬁtheaglr@stm@ﬂ@@l@pﬁﬁydjeeca%&% b% alRey BES Ylifference in
form ng process. [0062] here is a correlation between a

di f f er dngree phheat dplormatumebetvesn st diepat thheotémghwgﬁ namabe further suppressed.

ci rcunf erent Lrg slg tLace 121a of the first die 12 e_inner

ci rcunf er ent i'4PS B BB WS Lt shTIgre Y Eef c% ERNGSt e fenyggerature

the ti
oo il S VR0 VARG g2 A W DRSSP o e
bl ank alix a2 hed dfd @neptiassibentialngriaes PES ob et ReorRb diehe22y lf&f SheVEey flatness
in tenperature at an opposed position between the inner

ci r cunfrequatseifey th§lglﬁsa@@bsi@n?afomn%néh¢ flisk can pe determinad t Heusi Wﬂ?élii a difference in
circunferential, surface 12§a S nd die 122 decreases. F ﬁ
ocans Bt BT Ral 20 IR P TE{RE Dbt B ar Bty PaE Ry dutel Ratmess

smal | efequireli H6F TR! g1RR! AB&EatE FordmBERYBHiNNER bOEHORICCFEL einfIBNf the Alatness

required for the glass substrate for magnetic disk is 4 pum, press forming is performed while the

difference in temperature between a pair of dies is kept at 10°C or less.
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The difference in tenperature between dies is a difference in
tenperature as neasured using a thernocouple at a point which is

| ocated 1 mmfromeach of the front faces of the inner

circunferential surface 12l1a of the first die 121 and the inner

ci rcunferent Thé dsérémeeinlizddeaturd hervaRaane i £ diffefedc® thhempBahAE a®fmeasured
the die and at which the inner circunferential surface 121a and the

i nner ®dnganthemwepbple at arfoirdevitigR 4 foaated dawmm Gomerach @f ghe fropofangs of the inner

R R, L 1 B o b B e AR oo
circu [ race: Ti e di £t I -

St o124 584330 8 SN B ELFEIAR sy a1 v o
first diner di2dunsforbntiflesusecoriPadhe bR othe® (@ ]a point correspoadidifd eleaRERaligdsition

tenperature nmay be determ ned based on the correlation to neet
requi r 8l glsss plapknayk cendral Pogitaed theirner giwumberentiakeynfocs d2ti skd the inner

however., the di.fferenc y he al so determ ned fromthe foll ow i
aspect .Clrcumf_%ren%@i ‘WE@C% f%‘ﬂ;g sﬁl_ﬂ%et Wﬁ?ré%ﬁﬁlr‘ _ Rt R eIl I]imﬁ‘ﬁgeg 1 time when
embodi FRfBobistarls6 OhRa A SGsiVe 191 RRd B seéotlAd 3 supported by a

metal lic spindle having a high thermal expansion coefficient wwthin a
hard di#¥X3hs a magnetic disk that is a final product, the thernal

expansion coeffigient of the glass substrate for magnetic disk is
preferably a$ %id@éﬁefa%,cet HaterBpeTattEs §BnBe cletermisicds based arhéhe epmselsiian ¢p meet

of the u Lc.disk is defined,so that tfh | ass
subst ré%ﬁg%lg&nag%%tﬁ%sg férloé @P%ggl%asltr % rtahrg?%ﬁc SG& PP¥PiHh che‘Fﬂﬁergnce may be
t her mahiseypeitined fiegeht fdlinhg pethe gl ass substrate for magnetic

disk is, for exanple, in a range of 30 x 10-7 to 100 x 10-7(K-1),

pref erabl y i Binge giasyeulptragOfox maenetic diskO¢f thisl @nFidimet, iseviesrpomted while being
pr ef er abl reater .than 80 x 10-7(K4).. The thermal expansion . o
coeff i Bi"@?f?ﬂl iSEPRPTiRd Yy Rgialiy Sé’éréjée E@i%a i tgﬁﬁ@é?"@@ﬁlﬁﬁ§%ﬁﬁcwm within a hard
coeffigj S b ' ' t erat yres

o7 Dol O 8sRaeog il Sol TRORREAR) Jiphoh LETRRLALN'SE oo
| ess t bubatra@ fyr hAgkfik-disk i0 proferallytal alghlfdGhat ok@he/spisdlO Ot THRHEDRY, 8! ®mposition
because a difference in thermal expansion coefficient between the

gl ass Sfithetalass substratefaemegnatigldisk is defingdesestbal theglans substrgoifortmagnetic disk has a
tenmperat ure condi tions at..the circunference of. the. principal face of X
the gl B BrEft bERane iR Porvl PP LSeirtioh g S0 cELYh g Beencti
gl ass I ] ' [ [ P t ' -7
oot 1 1 o B S s 30 10" &y BYPARBL BP0 1070

t enper a6line 163K Holeven et prefteatile ngrestat tiads 80T« tIEEMNEIThe thermal expansion
circunferential surface 121a of the first die 121 and the inner
ci r cunf&TBHENES Sytlracdculated using the linsaoerpansien poeffipiesisraf the glass substrate for

bstantially.the. sane. Wen at ur ntrol i erfor.ned I hat
the t opePiel bl A Rerttiinet I by DeEn) & tugri g EiiEs cppficlent of, fo
t enper gkdmife i 18ssRh&f 86 &' (RG 8f mbRSHan 166 <diFT R rn%Eﬁ%fé{ECbléﬁg{hggéig Wiference in

is nore preferably 3C or less, especially prefera SS.

| n t hethsrieslesxpasmdrodéaficient iptwss the ghdss guisantebmdpbe spindieds imraisyd.  From the
gl ass having a wi de range of viscosity since horizontal pressi ng (IS

appl i eBOMLRGVIGVa EONSHRIVIS $ORFIGANY RisiRe sirpymfesenss of it prnqigal facer of the glass blank
This i i - ' e m falling. down in.
vorti o i eanrsRtindh it T e pRek Ay B bl Pt mr B G hibine

hi gh vhiggosieinyal began®@sn keéffiefent Bpeedphicdal A%, o exathSI6 ORI ik YprBRYabRE to perform
preferably 500 poises or nore. G ass having the viscosity ‘of 2000
poi ses tegiperbis cosireleo that dicicapertirey oftthe imensiomntfhrgntialserfa¢eakdd a of the first die

becomes, difficult to be.thjnne 64 \ L] until the gob

G 1. AhILEI L et R Lha ditisiecondsiy 143 Begamabusista thesame.

di e 128htehptlRird BhtfdPiS PR At8 HANHhAEom¥ritlrel DR cd RO fentical, for example, a
difference in temperature is preferably 5°C or less. The difference in temperature is more

preferably 3°C or less, especially preferably 1°C or less.
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[ 0066] After the first die 121 and the second die 122 are

cl osed, the press unit 120 quickly noves to the retreat position,

instead the press unit 130 noves to the catch position, and the press
unit 130 perfornms the pressing to the gob GG [0067] After the
press unit 1ROthempresent ombbdiniest, meat HOSshEican betptefofhedto dhe ghaslhanfly a wide
t he second die 122 are kept closed until the_glass blank Gis o
suf fi crange| 9f yoersl giaee |hwagentghiréssingeisghppiedblaadkelesshhsviag high viscosity is
t enper at ur el ow a,yield.point). Then, the first .driving,uni 23 )
bnd’ ¢ hengBaaHg Rl it ™ Diebinec B gt il Jh b ialer st e gown in
121 ang.gk; . B o : f ;

o ose o S e g R TP BV D80, Ry peteer
recei v8sgedifienlly) desviladdoaitk nGy(iseprefribly 3P0 o868} more. GlasPhawdes cthd Biecbsity of
above, in the apparatus 101, the first die 121 and the second die 122

are cl 89@paipesieir mage tsi npb preferakle festhe jeaseipihat the sy becomsn diffigdbigtbeghipged.
second%mﬁﬁ?d the nolten glass substantially sinmultaneously cones into
cont ac i'th the whole of the inner circunferential surface 12l1a of

the first di g tigdu@Nehd £ OHY @nHctbRRohIART btk EHURE BreRld Bl 2l tfe&Rond die
122a of the second die 122. Therefore, the inner circunferenti al

sur f acé22 2fter tbé goh & df donsts idoeo@tt witl thehanemmenmdereciaiaerfart i2dh of the first die

surfac? ﬁ22a of the. sec nd_d'er%éZ are Qoﬁ | ocally heated, and a

strainl? Oﬁélﬂ%ll“jleb@ﬁ'élila%é@“? syrkpge; lgda ot e eerond kil 2l isshprigicban £ b second
d the, j i i al 1 ) h t

"o o falgRNEhaCly 64T SLGRY B o bRt P00 THRRRYEC i Bty B BB Sno the

nol t ens@isemtialip disRehbpe 5 sptedid? dloapdhd hees e@anslettingallddfac@ 121a of the first die
tenperature distribution of the forned nolten gl ass becones

subst ang] and thednmen cirfirafesdndiabsurfage ¢34 ¢fithe sdvendrdiet @R vethas an extsamiely slomt time,
of the shrinkage quantjty af ;th | ass, material s small, and the .

o go. &84 BienbteCadt e badtes andsiBRS) Hobe i et fmdiihont by yi Thigaray, the
fl at ne rJ-061Lpal r : 1.S¢ ; :

i npr ov%%sﬁélagﬂggpgrpg%ﬁt}ég a %’?%‘?g 3 It%érﬁa%rbggg{;ggm%eﬁég rﬁ@é%ﬁlﬁgﬁa eﬁf)lrségespendmg
f or m ngnwhé Rizarnfuppesiredi gasganaibgrdtO @ maghietic dif)G8 example abohtn2( ke 200 mm in
exanple illustrated in FIG 4, the substantially spherical gob Go is

f or meddigneg@it ti ng the flowi ng-out nolten glass LG using the cutting

bl ades @ﬁ% and 162. However, when viscosity of the nolten glass
naterié h is small with respect to a volune of the gob Go to be

cut, the gl agsidgessstoimilg aikod fahSWiiodthéd] hy g%%‘gfalﬁﬁ@ isSOARE! Y Yoanner

by cutting the nolten glass Lo, and the gob is not fornmed. In such
cases, sechgihbt fherimergidmiersntis edrface FXmmitthe figohlie 1DDE0] the inner cirdah(@erential
5 (a) to (c) are views illustrating a nodification of the enbodi nent

of FI GSudceTiida gbhe seanchdiedizé oS shppedrappierré anddherrtosg pisferalty dhe Batness and
(a) Ts S svn!loeo%ﬁeils% 4P {:arcﬁtolf "W {nagr %{c%bﬁm?ﬁtﬁ%ﬁ&f%&? ﬁ’g?‘b a rso&'@%ga’r%glége Btgmparable

(b) isa viewillTustrating _ \ e
the cutd iHdge UPhldedifd Aid sabgRR: fo? ibcnst ARk 188 thaNGsE; IfeeesSityk fo) subfecBthe glass

viewillustrating the state in which the press formng is perforned

t o t hebypok @Goo eeurfadeepiohessgigawscedss,drek a@rinding and polishing process after press forming
may be eliminated. That is, the glass blank G formed in the press forming method of this
embodiment may have a thickness identical to the target thickness of the glass substrate for
magnetic disk that is finally obtained. For example, the glass blank G is a disk-shaped sheet
having a thickness of 0.2 to 1.1 mm. The surface roughness of each of the inner circumferential
surface 121a and the inner circumferential surface 122a is substantially the same, and arithmetic
mean roughness Ra of the glass blank G is preferably adjusted to 0.0005 to 0.05 pm, more

preferable to 0.001 to 0.1 um. Since surface property of the inner circumferential surface 121a

and the inner circumferential surface 122a 1s transferred to the glass blank G, the surface roughness
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As illustrated in FIG 5 (a), the path of the nolten glass LGto the
press unit 120 is closed by closing the blocks 181 and 182, and the

| unp of the nolten glass LG cut with the cutting unit 160 is received

by a recess 180C forned by the bl ocks 181 and 182. Then, as

i |1 ust nétiedglass BThik GSis (1) sanid&s et ©ihe Qﬁ&?%xrbﬁnféi‘éﬁtlapﬁ?r%@§ tIh@hould be noted
spherical shape in the recess 180C falls down toward the press un

120 at tehednt pariorpingapessifagning eo Blabthesunfade ranghrkt8oRa Whtha obalidedgasd blmk is 0.2

toward t he pLESS ﬁlt 120, the gob GG b corres t he spherical shape by
the. sufihon HSSrReBAINGDIRES 58k & Pegiogaed pahowsperfqridng theelgter-deseribed Frinding

(c), duridg theafall ﬁ&j%ﬁi@s% Igapge% Hd}0 SARE" hER! o '% ?uc?fﬁol?lsm that when the

sandwi ched between t rst di 1 and t'he sécon

per f or Igiasmbiapk aspolfshedmmg thé hefebYouphapabebamé et thasd dy 8 @@ﬁ@ﬂznﬂ%?&ﬁ level (c.g.
bl ank [ 007 Alternatively, as illustrated in FIG

to (d)! %lﬁnﬂlhgahﬁﬁan%tsh@gime bicaweeiag ot lu@auﬂg thérpolishing aligwanéet is meased s0

illust 5 mechani smt hat m)ves t he

gob fOIEll%'IE ﬁ%dgalfél refdﬁlg%% aﬂ%@ffﬁﬁsme&[{o@&qﬁ%e PYTHERSVR Spteragfed.

di rect I[@U’ﬁ6§i| ong the path of the nolten glass LG nay be used. FIG 6

(a) to (d) are views illustrating a nodification in which the gob
formng di e A80r the fustedle 1£1 @nd the(sajondniic F2LareGeldsed, tAe @redt i 120 quickly moves

illustrating the state before the gob GGis nade, FIG 6 (c) is a
vi ew i 19 BErFEga H@SIF% lléﬁttaﬁéh? W%ﬁll&hﬁ%@owﬁo@@e fatchpasitiany anchide gotss unit 130

form'n is aviewillustrating the state in
' e 800200, KL o (0)

whi ch e gob press formng to make the gl ass

bl ank @06&}5 |IIustrated in FIG 6 (a), the recess 180C forned by the

bl ocks 181 and 182 receives the nolten glass LG flowi ng out fromthe

mol t en gl assAger fheqmqsomt 201moves to heustreaitpedition, e @rst6di¢ 021 abdithe second die

bl ock 82 t he d t de of th

bRt b AR KR Tk R
| t

oAb 30T 2T 5 84 O Y3 b i

t he noliz4aregiries thGepatiaithedird)id M8l bhd eleSscd&l aeolziS&ef%%éssomﬂw@ 1&fls down
one tine, and the gob GG becones the spherical shape by the surface

t ensi offoB¥ the eessnttdd Ogpnds thelconvensr 171 insatedtbetbw thefirgss Bt 0 redeivésnte glass

t he fa GG the spherical gob GG is sandw ched between
t he flirjsfﬂgg}% #2% the second die 122 to performthe press

f or m ngopekper eby preparing the di sk-shaped glass blank G [0072]
FIG 7 (a) to (c) are views illustrating another nodification in

whi ch, i nst easl describhé aove, G tha appurgup0Df the Hstogiti 10a] andl @8 SelAt @ 122 are
by a softenl ng{m urnace (not illustrated) is caused to fall down and

the pr&lgsed FtHingytims %?eﬁ"xﬁ@m?%sh%t %Sn%llstﬁfﬂ@ddﬁbwﬁl (P 86 strenlympd Ghe im®lten glass

d b t 22 d the fa
of 1 K“eﬁfb‘éﬂnﬁ%ﬁ“%%&@nf%%ﬁﬁs RLUGE Qo vt ety df‘ Shue g Brpnisratiphurtace
lunp of2taher theditR@iOPLI &Rl the |\ﬂ'ﬁ§e bﬁth%%@@lrcfﬂq@renzlaf Q)rfdcé 12¥ b),fe{ﬂle second die

illustrating the state in which the lunp of the optica | ass
down, & Fli@refpre, ctheiigner eirewnfekdntisk satfaaeg 12 he ofttht efisn dwhlleh drldle the inner

1S ARALT AT s TS 2
appar ?%éh%%ag&% in ?negln?lgxf I?frel' Igglﬁfa@: N9 %543 I St 2 1%@@1%3 %{aa% fﬁﬁ‘a% 122a.

| unp e optica ass a posrtion a ove

i 11 ust Badagsk it frbln gla:(sbl)s foinlilﬁi phags dad a{dpalbegfram Rt %ﬁﬁ@i@'@dﬁ %ﬂ@molzen
rel eases the lunp Cp of the optical glass to cause the lump Cp o

opt i caglag tasthe figst fdag |12hewh theAsecmd dist12at ecﬂempﬁrﬁhﬁ dﬂtrl(ouﬁlon dﬂthlerfgnnéﬂamoiten

fall Oflatsh ed R (@ of .t t| C’Eh gtleass ng i s sandw ched

bet weeh?th ‘for“? 8, ststangaly” & b%dmdF@ @gzt oMoHPR Harst Narigiiaas of the

for m nghrinkhes §RMtiBS SPRAE s tn}fhefeﬁjeﬂ HaRBRRET HL 235 BrARKs Rt RREAURGHE glass
blank G.  Accordingly, the flatness of the principal face of the prepared glass blank G is improved

as compared to a glass blank prepared by conventional press forming with an upper die and a lower
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In this nodification, as illustrated in FIG 8 (a), heat sinks 121d

and 122d are provided at the outer circunferential edges of outer
circunferential surfaces 121c and 122c opposite, respectively, to the
inner circunferential surface 121a and inner circunferential surface

122a agiepl anar press fonning surfaces, such that the heat sinks 121d

and 122d surround the circunference of the disk-shaped gl ass bl ank,

in theldJoPst die 121 and second die 122 illustrated in FIG 4 (a) to

(c). Since the heat sink 1d d 122d.are.provjded, i he firs .
G 127 and g Scebms idaedan FICH, B SRty Shiioel adh b duforipepiseuting
8 (b) | o . > . ‘ . L
prese 1o ARARERAE ol R L Sl o 8 R R g o osity
port i oof the rhéieencglise matériad Und ie smialt eviti depeantd 4 heumentfiied gghoGE it®Bbe sitdehe glass
of the glass blank during press form ng. Consequently, the ?I ass

bl ank %R0 begpa dersybsigmglly sphercahwpe oslydpysatiineibs mnligniglasahd, and the gob
t hi ckness . i.n_cr.oss-sectional shape. of,.the ss_bl.ank .G decreases as

goi ng fsr%}ltr]f?rﬁéedt)uf%?uc IFetmt %?snetﬁgrgm@idd%lstuggﬁg’ai%frﬂéhec%or?t er side toward

t he ce (ﬁyogside as illustrated in FIG 8 (c). In this case, the

flatness of the glass blank G can lead to target flatness intended

for a gl ass EBlibst faate(d)ore mzgnatlugrating lo, mbdificaioangfl the dmbodnrent bEEKG 4. The
This is becayse when the gl ass ,EI ank G.is press-forned, the

t enper 8PRIFFIBRE figis Bi8ed fnoths medi I?PéiopnnBFG-cﬁp {28 ifnd dpehiljugirating thg state befgre the
and in . Cl r i.al f. 0 } P I.C .
are i nidbfihab Re SR 5 LR e B WARERF £9% 5 3ty cucing
bet weeini W60 afid & igok Fériiing eicarsyi ald BI. §368s A31év andirkile thBBRke in which the press
circunferential surface 122a over a period of tinme until the pressed

gl ass Hiranke 6 pdeforeeksteshe golaGe tte miake theightss blankiG. press of dies is

tarted. .. Th fointenti |1y f ' th . :
SLarted. s USRI £, LR LRBR T3 e s o
fixed @P I ﬁﬁin\ﬁ?‘%l@b B fdIYDSHIUED ke ﬁ'lolt-g{i'gfasé By iR Ee%‘hﬂﬁg%nit 160
of a su face or a gl ass ank I's gooda 'excessively, a ?IXEd-a rasi v

grain suebeias] by diraspniBighiehed by desblscmaRhlaid a821 hehayaé anetratkd HEIG. 5 (b),
gl ass blank, and grinding may therefore not be essentially perforned.
On t he thsttpelternglags Lo thathesomeay thy sphasicak Hapeginetbe rasesnldOCsfalmdievn toward the press

concave- e t the tine of grindi er .ci.rcunferential .
cdoe. papiiaf Ehondtrat BY ahts Bie Wi 1en9had0f PhER sl RRClova o press unit
easi | y 156! 48308 GAb ek IsghRtbll Bhpdby Y RORPE AGERAI JT4nd!s] .
fi xed abrasi \?8 gregi n SL?Ch a?ﬂg 1di am)%d jéheet. aThe grr%ch(?%iﬁgidgﬁ% \lf\a/aS?I(IfeG As
i n gri ndistrgtedam FE@ 5 @ilutenigttive &bloafttha gblalGl;, tife spbhaicabfolaGglissmdblidrl between
having a uni formthickness. Further, the warp of a glass bl ank having

a surf defirst digJRarandytheseeonse fieo k2o meiferrn ithe PErsy Tanipsniligredy piepaning the

the fl e C i proved. For the thickness of the glass
bl ank ?;Esgés\?}lg eél @ggg%gagg\r?é-shaped cross section as illustrated in FIG

8 (c), (@mifference between the maxi mum thickness and the m ni mum
thickness is, for exanple, 8 nm The thickness of the glass blank G
can be neasuAdidrnatively, asfilnstexahipl EIG. & (p) tr @heinghe ap@oatdd 10h)isgeiddingsing the

P St ep. . t, th i bi. ill b . .
qéggfis fé@ he At o %%tr_aﬁeé 43 M érﬁah@e(ﬁi %3*'@%‘%3%9 PlRENTH £ GRS B eghkorgying die
is subjggted, Eﬁst%ﬁfn' Aidddod Br L REwiGEab BRERGRRS th atﬂ%gqhé*%ﬁg@glagé‘fc may
scrlblng means that two concentric | nside concentril an Ou%SI e

concentbeugdd. CHIGI Oih) ké (B VieRe dlushaniayd § hvdificatien i WhicH @k ¢db oheing die 180 is
surface of the (gl ass blank Gwith a scriber nade of a super alloy or
di amondsgslar thie] @) ard BHa &r(bl areybaves ilustrpsing drastats heloee theign GiapeiledilG. 6 (c)

t he forned. gl | [ ' | ze.. The .gl |

(he TorrEd g8 Bk G heee 8, i ol Teg e, T ol g8 s

pOr ti ongyOdtaStie itRGrAUE $hd SafcANGRAELR hife £3U 6LGs 3 eBed B blc@drRM LR make the
glass blank G

As illustrated in FIG. 6 (a), the recess 180C formed by the blocks 181 and 182 receives the
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[0075] (c) Shape Processing Process (Step 530) Next, the shape
processi ng process will be described. The shape processing process

i ncl udes chanfering processing of the end portion of the gl ass
substrate (chanfering of outer circunferential end portion and inner

ci rcumh@eAtolRl LEMHvAE bhOMImahé okl 81286 bitAoNG RN POES s {HIAMR&ES NG, 6 (b),
processing is shape processing in which the outer circunferential end

por t i othedrockisriBémnd il B2 angfopuakiy makedomdo ploy ddvomstrodm tshie of ktasfove ubgiemadleen glass
rocess is chanfered between a principal face

after the scribing : and
2 i de L PeBPTIGR Fiend dib A115° TICpE| - Co-ac hdps pogirated in FIG. 6

di anon i I T, i e is .for ex I 40.t 0

O GonSRRERHL® 191 80y S BARRLEL 50 800 fed BpiboL AR Sy R4S s L
Pr oces setaifbdBy HiexidclAbrgasindel 83 @il d6wh ap ordhe, and the goB G 16ec@fricd @dGherical
process using a fixed abrasive grain, the principal face of the glass

subst r deapeatibe surfase sinajpa rtbewoliemglapy beesss ilbistatbd evFEd 6t(d), guiingitregfall of
o R Ry e b SOl B, PR o 12
machi nkBg,3 e g?orﬁi(é?%?l’(é?é agrg%zﬁ{n%ffﬁé ﬁ{sg.eséﬂjaea UL bﬂaﬂg dri croneters.

The doubl e faces grin g ap us-inclu alr of upper and

| ower $w07Radce plates (upper surface plate and | ower surface plate),

and a glass substrate is held between the upper surface plate and the

| oner sur f acBIG 74kt (Byarpwiavsgilesiatiog apether medifipasiongp ehichy fifsteed opfhataeb Go,

and the lo face plat | ass substrate ar ach. surface

oat e arutP Tt ARabell nealdriul SaBeieRiier faf HubBEh B GhEGp det comn
substr @ﬁ@t&%ﬁ‘es@%ﬁﬁﬁ%ﬁ%eﬁomed to th8 WS CPLASE tﬁ&hﬂ?ﬁr@: RERERAShA rdnl bSth sides
enbodi nent, "a gl ass bl ank having an extrenely high flatness can be

pr epar éctweamdies Rét ehd 222 timéngythierfell nftherlmapess. NMRYG.e(adis 4 vied. illBafing the state
i ng proces a | appi ng, process may be perfornmed using a

the grin s . ormed u . .
doubi e%ﬁg&ee edrmRAL e afﬁsﬁf aptirel glags }Saan”ﬂ@f}: e gé@awmgwuﬂ@ﬂranng tifestate in

Lo, pardretna, Sl 80E ILGRY: SRRE MU' Y 8Pl bt pieare jpwhicn
gri ndi A RERTBSSIng 5 FokdiBed eht Qs 8LhR Obiisdligk¥s to make the ksEGISk G,

polishing, the inner circunferential end face and outer
ci r cunf er ent Aahllestrdtefl an #F1Gf 7 (deinginaappamtiissii at glaas emasula] eespidg treechanism 212

mrror surface finishi by. brysh polishing. At this paint, slurry .
that | FOTGHSMEAPHE Gaa {cqmbicalosles 158 ppapRAiaRiequcsantRal) oaslustrited in FIG
abr asi | Dyad ) . j |4, Shi j i

oD AL SRR Rl s g ARSI, PSR P B TRBLLTHO o cae
flaw i shechinp Oabeche mftiealeflyssoodl rdenee @fs illudthesdmal Figs pae), tdvriapdhe fall of the

deposition of ions of sodium potassiumand the |ike which may cause
cor r osiwwp EaAf the optieal @assdhe lump Cp is sandwiched between the first die 221 and the second die
222 to perform the press forming, thereby preparing the disk-shaped glass blank G. Because the
first die 221 and the second die 222 have the same configuration and action as those of the first die
121 and second die 122 illustrated in FIG. 5, the descriptions are omitted.
[0073]
[Modification of press forming method]
A modification of the press forming method will be described with reference to FIG. 8.
In this modification, as illustrated in FIG. 8 (a), heat sinks 121d and 1224 are provided at
the outer circumferential edges of outer circumferential surfaces 121c and 122c opposite,
respectively, to the inner circumferential surface 121a and inner circumferential surface 122a as

planar press forming surfaces, such that the heat sinks 121d and 122d surround the circumference of

the disk-shaped glass blank, in the first die 121 and second die 122 illustrated in FIG. 4 (a) to (c).
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[0078] (f) First Polishing Process (Step S60) Next, the

princi pal face of the glass substrate after the edge polishing

process is subjected to first polishing. For exanple, first polishing

has the machi ning all owance of several mcroneters to about 50

m cr onB8inee she Kdat sinkp 02 lidsdnidnl@2d sré prioerideé dn the firsindie @2t hed fHeavacdrgfdie 092, a flow

the principal face after the grinding using the fixed abrasive grain,

the st Phhsit apdllesateqiia rFéGs%r(lf)aIééen?rra%gunéh@ fiyst dig E4loanghierfeeandadig 122 during
h £ oolishi ‘ Lishi . ; q

o OB 07 o] RO RO R s A Rl SR B Pt

havi ngside shd et senBaSpditibtidt Of tadlagfblitied fredsusri®n@d CBndelifently, the glass
grinding process. A polishing agent contained in the polishing

sol ut i blank §; afteyrpress doqplieg issa cecawvsloped glashblask, wed giginesom @osisectomiahshape
abrasiv rain. 079 In the first polishing process, .
pol i shPﬁB‘%i ?gaﬁﬁé}lg% ééifcgeésegsastg?%thr@nafhg QHieh CE By FITE Side(tRprdothe (pester side
nm or ] - i )¢ Of 0,

o o B NN GUAEDLP' o SRRl B D G o

be repiRdestiadedYatfesRiicnddd) fov al didss Gabsttk AR tn@feti® UBRNRY exdhpR 4 um or less.
wavel ength bandwi dth of 100 to 500 1.1lin in a region of 14.0 to 31.5

mm r adilbis is heqahee wheo! Geglass blank G wargsaifommagsie thedamiperamrdef thre geuioas of the inner
usi ng, for exanpl e, . Mdel -4224 manuf actured by Polytec |nc. . .

The SuPrarRRRaghmEete T2l aig e e Byl tien redd & bl iden ot apich are
Ra defi ' ; : _ ,
Foughnineondel elienERES bl gy Ally TP oot ok BE ERE SHE Ak urtace
Cor por a210mdathd inad cirbahBgertiyl surfiet N02h dedriansdiot o f dink BOB 3 PE&Ed W blank

t he roughness is no | ess than 0.006 i.tmand no nore than 200 pm
When a§ decraases)te a sirpi@ nogughaerrsss of diesgsstgiedr | ess, for exanple, the

h b d, wi.t h i be m t om .
force m or o8 e R Bist bl RERR AR ORR g PO SRt Frl” emcienty
and caperfbien SAhdHE 8LiRE a ke aBBEREGrAfhi BeGhdehueht Brdl@83 18RAL. whdh fidiRess of a
present application, an arithnetic mean roughness Ra as neasured in a

r esol usiurtareaff abdi2ss)bl&ik2is@ore lescdssivelyne fized ebresive gradaswah ab aRivexodd Bmet slides

square can_be used. [0080] (g) .Chem cal I_y,Stren%; heni ng Process (Ste
s70)  smoothiy\pthe spifgreifdcsglassilankapnd ginding wax tersigte 096 e stienigplly performed.

Procesg fe SHY ﬁﬁ}d‘? f hos BRI Fale Qfas%tbﬁa%ﬂ% &AL Q&lcta{rt?-%a%&ta‘t the time of grinding,

the outer circumferential edge portion of the glass blank, which has a large thickness, is easily
serves as a starting point of grinding processing using a fixed abrasive grain such as a diamond
sheet. The machining allowance in grinding can be reduced to about a half of that of a glass blank
having a uniform thickness. Further, the warp of a glass blank having a surface irregularity, the
period of which is long as compared to the flatness, can be improved.

For the thickness of the glass blank G having a concave-shaped cross section as illustrated
in FIG. 8 (c), a difference between the maximum thickness and the minimum thickness is, for
example, 8 um. The thickness of the glass blank G can be measured using, for example, a
micrometer.

[0074]

(b) Scribing Process (Step S20)

Next, the scribing process will be described.  After the press forming process, the formed
glass blank G is subjected to scribing in the scribing process.

As used herein, the scribing means that two concentric (inside concentric and outside
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For exanple, a mxed solution of potassiumnitride (60% by weight)

and sodium sul fate (40% by wei ght) can be used as a chemcally

strengt hening solution. In the chemcally strengthening process, a

chem cally strengthening solution is heated to, for exanple, 300C to
400C, eomvmsatrey cglting Sinssl (sicant@atchesp behgatridd 10 thef wiifabX afMetylasd Wsakt @ with a
300C, and the gl ass substrate is then dipped in the chemcally

st r engbHEWF Agde of aswnsh akler or digmordpartirles imorder t ohtsir tie donut-shapapying-shape) of
the gl gss.substrate.is.dipped. in the.chem cally strengfhenin . .
sof uti O FOHES) EOR (koS JA™ENS OGN A « Heco Bera e g sored into
the gl ass coriatlcaliRIAEpE §PhAGEGY nEQSReMH! &V Fkon Iaﬁtsidg%é Oeispd doﬁ@erﬁx@g circle
the potassiumion which have relatively large ion radiuses In the

chem cahd y pettioengtidethe igideodouténtii; cisde bilzatmavabiyps édkianee # thessal leayision of
is fonned on _the surface | ayer portion, thereby strengthening the

gl ass SifoEess Mlank Gndngis ¥y daput-ghaped glspeaabsigate & e@nedheni cal | y

strengtheni ng 1rea j hed. r exanpl e, .t | ass. subst rat e

s waohed w frioDBRHEBRL el SRS el o REBTBIS VIO TPEE PR B S5 e s
l'i ke. pbRERBkingR)coRemaANE: Relikshi ng Process (Step S80) Next, the

gl ass substrate after chemi cally strengthening process is subjected

to secO¥Spol i shing. Second polishing has preferably the nmachining

al | owance of about_1 nore specifically in a range of 0.5 to 2 Rm

| f the machi Iﬁ%ng aW%?rIaBﬁ%‘“ésﬁl%g é‘i‘?ﬁ?ﬁségt@ﬁéﬁ) t hat range, surface

roughness ma t fficl I I maghi ni I C

is greater t??ae%etthgg h%%n%%’?ésg% %rﬁg‘%g%nggb%eéese ggi o‘rl;g% giafﬂ’%r @I{OF%\(%%% }Srocess
etc.) . ilbaekacthpoldril foctsingnéemdeshdabortibg dfi therglaer dudsieatd Qbilapdtety OF outer
the principal face. In second polishing, for exanple, the polishing

appar atueunyieantich end rpottigoland Hikey  ¢iscupdengntialt endnpertioo) nfter thee sgédomdrocess.
pol i shi iffers fromthe first pol.ishing.in the follow.ng points: .
Phe. ki RIIIgaroFest Be 1 Seperropraed S ARna Smybcumir fen il 2o diogsigd inner
of the faghferd®hi &¥Sortion of t 5@%&' ibiig" i

fine pggticlgs such églg%Pfgfégﬁ SI I ca Sg??ﬁgﬁéﬁ%#¥g8£%%gﬁg%g%Q%ﬂaummza
about pfintipal5Acem)d a sidesedl @stiéhperpaakenlalvakd pengpAificeusad 4 Biatdoad abrasive
second pol i shing. ) The_polished glass substrate is washed with

a neut g’éﬁlﬂ-de?@%@mf?nmlmtfef exammie. G0 tp B8 degiees wish sispedt fo hegriasipal face.
substrﬁ&ﬁ6lor magneti c di sk. It is not necessarily essential

to perto the second polishing process, but it is preferable to

per form t he ggcondGaaking Pril@sPUREESiRPREANSE drlia (kRY40pf the surface
irregularity of the principal face of the glass substrate can be

further i nprbvidd grByingerdm@snusng 4 Needsaraie: gain tkeipnyciprbibesst the lylss substrate

principal face can be nade to have_rou%hness_(Ra) of, 0.15 Tun or |

| ess, ABFtpSBIRS RIBPSPSIHE Proqess trsupissted T gamiing ms0ceasing &aachinpergsinga gouble
nm or op of .0 I il 0082] o

descri E%%é ggg{i/’aéﬁ a?h%faﬁrr‘éta} ﬁéo%dlﬁ %ra ]?%%nné?ugg%{ ur ?1?1&3‘183{ 'glqg)g sexglflglr? K thfeégrmdmg has the

nmagnet ifachinglg dRwahtSofrbadl AR mEBE o desut 0P hRESMeRidT MheRIcABRY8ccl erinding
press-formng a |lunp of nolten glass using a pair of dies. Therefore,

when t hppasaips snstuded aglamedsipper adeloimen eurfasie ipdates @peent suafacs platcaaelslopfer aurface
air of dies |s set a. goad vel (e.g. surface roughness required
for t h@‘ag%%%d B sy Pﬁ"ﬁ%raff‘gw%%%ﬁmesﬁ alimgwyp,ertsn a%?‘ﬁfggaéﬁrtg\aéw swrgpe plate.
the gl %%rsmg‘!/iﬁ? bonE R bBE selk uﬁ:}eras@ﬂeg ia?élgx#d Hl%qe‘?"gxe &rﬂge ?H:lrté € glass substrate
u sur 0 t%e re1s

roughness of The inner circ erenti a ace

shape- andiaschesurfack platetdie rativiebcgoval) gheabs both prieigll &xes bl mekslask Buish@te can
press fornnag process, a difference in tenperature between a pair of
di es, RPEPUMi ch flatness required for the glass substrate for

Correl ati on: EbIRdER 00T PESTEIetoy W erpRREENr & S T fgren pdmely high
the paifaimeés st fréffeant tRrbBFe Ak dit@ink! PFBcRé nR&RIhiRE NSetbREthe grinding

process, a lapping process may be performed using a double faces grinding apparatus similar to the

apparatus used in the grinding process and an alumina loose abrasive grain.
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[ Magneti ¢ di sk] The gl ass substrate for magnetic disk is
prepared through the processes descri bed above. A magnetic disk is
obtained in the foll ow ng manner using the above-descri bed gl ass
substrate for 27 nmagnetic disk. The magnetic di sk has, for
exanpl €07a] configuration in which on the principal face of the glass
substrate, at |east an adhesive |layer, an underlying |ayer, a
magnetic | aye (malgdasthodishiaeBrepicpy(StapyeY), a protective layer and a

| ubricant |ayer are,stacked in this .order fromt Si c] osest, .to
the. pr i nci palieps s Bt See ghel et e Sl sPiae o e PP BtRR
Into an evacyp@@gg ﬁéﬁﬁ’rﬁﬁg,tth@&rﬁp&%@ﬁﬁl%nti@%dtfﬁé‘e ARNGRENVEr LAY G Entid RBA face of
underlying layer and the nmagnetic | ayer are sequentially deposited In
an Ar dtenglsgharbetrity e Bibjaetgh ed munos putficer fimighing thyolkusli-@oligagrpl & this point,
CrTi rraly be used as the adhesive |ayer, and for exanple CrRu may. be

U

used asufphatniaedss Hae payisies spefh aggaipn oxdecypihedaewdabansivy gl ispesed. By
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ol oy RIS b PiChL b e v e ARE n st Sporion o g or e e
nmagnet demh@y& a 8% ih&ahinaed] $hé&ebBaRekhée sRLOEH{ Aspetfil 8Fd BERsition of ions of
deposition described above, the protective |layer is deposited using

C2H4 byodifmy pexssimot end the QYD whithhoely camel cauirseuemariel pyeventedi di ng

treat nz(?t 'ﬁs performed to introduce nitrogen to the surface, whereby

a magn 4781 v ecor di ng nmedi um can be forned. Thereafter, the |ubricant

| ayer can be@or Q%ﬁ?%ﬁ{l%gfb%essf(g{e %@}f’pl e, PFPE

(perfluoropolyet her protecPive | ayer by a dip coating

met hod. [ Exanpkese prife8l face of the JIBG RbaELOLAEMUEBEEOPOMInk PP6cess is subjected
further described bel ow by way of Exanples. However, the present

i nvent torfiiks pebshing.ni thed vompdpedrst psbngbbes ithe Araghtting . aljcdG88s of several

(1)Pr eg%ér%'%nie ots ?of abl\(/JtI)llt tSS rhli%;ro?nse%ers. First polishing is mtended to remove the flaw left on the
principal face after the grinding using the fixed abrasive grain, the strain and the micro-surface
irregularity (micro-waviness and roughness). In the first polishing process, polishing is performed
while a polishing solution is fed using a double polishing apparatus having a structure similar to
that of the apparatus used in the grinding process. A polishing agent contained in the polishing
solution is, for example, a cerium oxide abrasive grain or a zirconia abrasive grain.
[0079]

In the first polishing process, polishing is performed so as to have a surface roughness (Ra)
of 0.5 nm or less and micro-waviness (MW-Rq) of 0.5 nm or less for the principal face of the glass
substrate.

The micro-waviness may be represented by a RMS (Rq) value calculated as roughness at a
wavelength bandwidth of 100 to 500 pm in a region of 14.0 to 31.5 mm radius in the whole of the
principal face, and can be measured using, for example, Model-4224 manufactured by Polytec Inc.

The surface roughness is represented by an arithmetic mean roughness Ra defined in JIS
B0601:2001 and, for example, can be measured with a roughness measuring machine SV-3100
manufactured by Mitutoyo Corporation and calculated by a method defined in JIS B0633:2001
when the roughness is no less than 0.006 pm and no more than 200 pm. When as a result, the
roughness is 0.03 pm or less, for example, the roughness can be measured with a scanning probe

microscope (atomic force microscope) nanoscope manufactured by Veeco Instruments Inc. and can
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Raw materials were wei ghed so as to obtain a glass having the

foll owi ng conposition, and m xed to obtain a m xed raw material. This
raw material was put in a nelting vessel, heated, nelted, clarified
and stirred to prepare a honogeneous nolten gl ass free fromfoam and

an umat teidulatidsiyan eesthdioaétingfidn INs R1GE3 :26GY. SURSh PRSent 3PPR&ITbh Ofh Sfithmetic
crystals, and contam nants such as a refractory material and plati num
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the apparatus in FIGS. 3 and 4). The tenperature of a nolten gl ass
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t he red#sstbynpijenafecning dea dasatnwostateof The ghwssubisiramksubiest®l tamthe chemically

e | Sl IS AR eSS Pl A RNELLS, sl ML LS s i
final BROHIE wasBed with pure water or the like.
[0081]

(h) Second Polishing Process (Step S80)

Next, the glass substrate after chemically strengthening process is subjected to second
polishing. Second polishing has preferably the machining allowance of about 1 pm, meore
specifically in a range of 0.5 to 2 um. If the machining allowance is smaller than that range,
surface roughness may not be sufficiently reduced. If the machining allowance is greater than that
range, end shape may be deteriorated (roll-off etc.). Second polishing is intended at the mirror
surface polishing of the principal face. In second polishing, for example, the polishing apparatus
used 1n first polishing is used. At this point, the second polishing differs from the first polishing in
the following points: the kind and particle size of the loose abrasive grain, and hardness of the resin
polisher.

For example, the slurry of the turbid fine particles such as colloidal silica (particle size:

diameter of about 10 to 50 nm) is used as the loose abrasive grain used in the second polishing.
26



mounted in a hard disk device, is considered to be 4 um Since the
flatness is not changed before and after formation of a filmon the
gl ass substrate for nmagnetic disk, it can be ensured that the
flatness of the magnetic disk is 4 umor less if the flatness of the

gl ass subst raepdiBhedBlgaeiubEirale Skwhshed Wi Dhicdt@B 8ctel@ilt, pliretvier, IPA or the like
flatness of the glass blank fornmed in the press formng process is
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the te pature of the first die was fixed at 470C in order to find

out conditions for a difference in tenperature between a pair
As described above, the method for manufacturing a glass blank for magnetic disk in this

embodiment includes a press forming process of press-forming a lump of molten glass using a pair
of dies. ‘Therefore, when the surface roughness of the inner circumferential surfaces of a pair of
dies is set at a good level (e.g. surface roughness required for the glass substrate for magnetic disk),
the surface roughness of the glass blank can be kept at a good level because the surface roughness
of the inner circumferential surface of the die is shape-transferred as the surface roughness of the
glass blank. In the press forming process, a difference in temperature between a pair of dies, with
which flatness required for the glass substrate for magnetic disk can be achieved, may be
determined based on a correlation between a difference in temperature at a position where the pair
of dies face each other at the time of press-forming the molten glass and flatness of the glass blank
obtained after press forming, followed by performing press forming while the temperature of a pair
of dies is controlled so that a difference in temperature between a pair of dies is no more than the
determined difference in temperature. Therefore, the glass blank obtained in the press forming
process of this embodiment does not require a process of machining the principal face because the
surface roughness and flatness of the principal face of the glass blank can be kept at a level required
for the glass substrate for magnetic disk. The glass substrate shape-processed into a predetermined
shape based on the glass blank is subjected to chemically strengthening, but the flatness of the glass
substrate is not deteriorated by chemically strengthening in this embodiment. Therefore, the glass
substrate for magnetic disk which is finally obtained is thin, and has a high mechanical strength,
and flatness higher than was previously possible.
[0083]

[Magnetic disk]

The glass substrate for magnetic disk is prepared through the processes described above.

A magnetic disk is obtained in the following manner using the above-described glass substrate for
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of dies, which satisfies the target flatness of the glass blank. The
reason why the mninmumtenperature of the die was set to 450C is that
when the minimumtenperature of the die is |lower than 450C, the
gl ass may be broken during pressing. [0087] [Measurenent of gl ass
bl ank praghéicedlsit. n Exanpl e] For the glass blank having a
di aneter of 75 mm which had been prepared in Exanple, the flatness
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FT- 900 principdlaateur ed by NI DEK CO., LTD. Evaluation criteria for the
flatness illustrated in Table 1 are as follows. It is prefen-ed that
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After the deposition described above, the protective layer is deposited using C,Hq by, for example, a

CVD method, and subsequently nitriding treatment is performed to introduce nitrogen to the surface,
whereby a magnetic recording medium can be formed. Thereafter, the lubricant layer can be
formed by applying, for example, PFPE (perfluoropolyether) onto the protective layer by a dip
coating method.
[Examples]
[0084]

The present invention will be further described below by way of Examples. However, the
present invention is not limited to aspects described in Examples.
[0085]

(1) Preparation of Molten Glass

Raw materials were weighed so as to obtain a glass having the following composition, and
mixed to obtain a mixed raw material. This raw material was put in a melting vessel, heated,
melted, clarified and stirred to prepare a homogeneous molten glass free from foam and an
unmelted substance. Foam and an unmelted substance, deposition of crystals, and contaminants
such as a refractory material and platinum forming the melting vessel were not observed in the glass
obtained.

[Composition 1 of glass]

Amorphous aluminosilicate glass having a composition including 50 to 75% of SiOs, 1 to
15% of Al>Os3, 5 to 35% in total of at least one component selected from Li»O, NayO and K0, 0 to

20% in total of at least one component selected from MgO, CaO, SrO, BaO and ZnO and 0 to 10%
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[ 0088] The surface roughness is represented by an arithnetic
mean roughness Ra defined in JI'S B0O601: 2001 and, for exanple, can be
nmeasured with a roughness neasuring nachi ne SV-3100 manuf act ured by
M tut oyo Corporation and cal cul ated by a nmethod defined in JIS
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Fl at nesfatisaléipiired@forahe glass blank) was 8 pum or less as one example. Here, the reason why the
target flatness of the glass blank was 8 pum or less is that the target flatness of a magnetic disk,
which is required for preventing contact of a head when the magnetic disk as a final product is
mounted in a hard disk device, is considered to be 4 um. Since the flatness is not changed before
and after formation of a film on the glass substrate for magnetic disk, it can be ensured that the
flatness of the magnetic disk is 4 pm or less if the flatness of the glass substrate for magnetic disk is
4 pm or less, but if the flatness of the glass blank formed in the press forming process is more than
8 um, it is difficult to ensure that the flatness of the glass substrate after grinding process is 4 um or
less even when the grinding process as a subsequent process is performed. Thus, the target
flatness of the glass blank was 8 pm or less. It is further preferred that the flatness of the glass
blank formed in the press forming process is 4 pm or less because it can be ensured that the flatness
of the magnetic disk is 4 um or less even if the grinding process as a subsequent process is omitted.
In this Example, the flatness of the resulting glass blank was measured with the
temperature of the second die being changed from 450 to 490°C while the temperature of the first
die was fixed at 470°C in order to find out conditions for a difference in temperature between a pair

of dies, which satisfies the target flatness of the glass blank. The reason why the minimum

temperature of the die was set to 450°C is that when the minimum temperature of the die is lower
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fl atness Sanple 1 +20C 15.8 11M Poor Sanple 2 -20C 16.1 p. m Poor
Sample 3 +11C 8.9 pm

than 450°C, the glass may be broken during pressing.
[0087]

[Measurement of glass blank prepared in Example]

For the glass blank having a diameter of 75 mm, which had been prepared in Example, the
flatness and the surface roughness (arithmetic mean roughness Ra) were measured.

The flatness can be defined as a difference in height between the lowest position and the
highest position in the normal axis direction in the principal face of the disk-shaped glass blank.
The flatness was measured using, for example, Flatness Tester FT-900 manufactured by NIDEK
CO., LTD. Evaluation criteria for the flatness illustrated in Table 1 are as follows. It is preferred
that the flatness of the glass blank is 8.0 um or less in the following criteria because the flatness can
be improved to a level of 4 pm or less, which is target flatness of the glass substrate for magnetic
disk. It is preferred that the flatness of the glass blank is 4.0 um or less because the target flatness
of the glass substrate for magnetic disk can be achieved even if the grinding process is omitted,

thereby leading to cost reduction.

Very good: The flatness is 2.0 pm or less.

Good: The flatness is more than 2.0 ym and no more than 4.0 pm.
Fair: The flatness is more than 4.0 pm and no more than 8.0 pm.
Poor: The flatness is more than 8.0 pm.

[0088]

The surface roughness is represented by an arithmetic mean roughness Ra defined in JIS
B0601:2001 and, for example, can be measured with a roughness measuring machine SV-3100
manufactured by Mitutoyo Corporation and calculated by a method defined in JIS B0633:2001
when the roughness is no less than 0.006 pm and no more than 200 um. When as a result, the
roughness is 0.03 um or less, for example, the roughness can be measured with a scanning probe
microscope (atomic force microscope) nanoscope manufactured by Veeco Instruments Inc. and can
be calculated by a method defined in JIS R1683:2007. In the present application, an arithmetic
mean roughness Ra as measured in a resolution of 256 x 256 pixels in a measurement area of 10 um
x 10 pm square was used. As a result, the surface roughness of the glass blank was 0.05 um or
less in all examples. This is because regardless of the temperature of the die, the inner
circumferential surfaces of the first die and the second die are shape-transferred to the glass blank,
so that the surface roughness of the glass blank is comparable to the surface roughness of the inner

circumferential surfaces of the first die and the second die. When the arithmetical mean roughness
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Poor Sanple 4 -11C 8.8 pm Poor Sanple 5 +9C 7.5 pm Fair Sanple 6 -9C
7.0 pm

Ra is 0.1 pm or less, target surface properties of the glass substrate for magnetic disk can be
obtained by omitting the grinding process to the principal face and performing the polishing process
directly.

In the press forming method of this embodiment, unlike the conventional direct press
method, the glass gob is not seized to the die even when the surface roughness is reduced since
press forming is completed within a extremely short period after molten glass starts to contact dies.
Thus, the press forming method of this embodiment is preferable in that the surface roughness of

the die can be reduced for obtaining a glass blank having a desired surface roughness.

[0089]
[Table 1]
Difference in temperature Rvaluation of
between first die and second Flatness
die(¥) flatness
Sample 1 +20°C 15.8 um Poor
Sample 2 -20°C 16.1 pm Poor
Sample 3 +11°C 8.9 um Poor
Sample 4 -11°C 8.8 pm Poor
Sample 5 +9°C 7.5 um Fair
Sample 6 -9°C 7.0 um Fair
Sample 7 +5°C 3.9 pm Good
Sample 8 +1°C 1.0 pm Very good

(*) The difference in temperature between the first die and the second die is a value obtained by
subtracting the temperature of the first die (470°C here) from the temperature of the second die.
[0090]

From Table 1, it is apparent that there is a correlation between a difference in temperature
between a pair of dies when the glass blank of each sample is press-formed and flatness of the glass
blank of each sample. When the relationship between the difference in temperature and the
flatness for each sample in Table 1 is plotted, there is an approximately proportional relationship
between the former and the latter as illustrated in FIG. 9. That is, where the difference in
temperature on the abscissa is X["C] and the flatness on the ordinate is Y[pm], the relationship of Y
= 0.8X holds on the whole. As is apparent from Table 1 and FIG. 9, particularly the highest
flatness was achieved when the difference in temperature was 1°C or less.

When referring to FIG. 9, it is apparent that the difference in temperature between the first
die and the second die may be set at 10°C or less for satisfying the target flatness of the glass blank

(8 pm or less in this embodiment). The flatness of the glass blank may be set at 4 um or less for
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Fair Sanple? +5C 3.9 pm Good Sanple 8 +1C 1.0 pm Very good (*) The
difference in tenperature between the first die and the second die is
a val ue obtained by subtracting the tenperature of the first die
(470C here) fromthe tenperature of the second die. [0090]
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than Tg of each glass, and that a difference of temperature between the first die and the second die
was set in the same way as described in Table 1. Resultantly, the same level of correlation as
described in Table 1 was also obtained with regard to a difference of temperature between the dies
and flatness of a glass blank.

[Composition 2 of glass]

Amorphous aluminosilicate glass (Tg: 630°C; 80 x 107/K as average linear expansion
coefficients of the glass at temperatures of 100°C to 300°C) having the following composition.

The glass substrate according to the present embodiment may be amorphous
aluminosilicate glass having the following composition.

Glass material including, as a glass composition expressed in mol%,

56 to 75% of SiO,,

1 to 11% of Al,Os,

more than 0% and 4% or less of Li, O,

1% or more and less than 15% of Na,O, and

0% or more and less than 3% of K0, and is substantially free of BaO;

a total content of alkali metal oxides selected from the group consisting of Li,O, Na,O, and
K50 is in a range of 6 to 15%;

a molar ratio of a content of Li>O to a content of Na,O (Li;O/Na,0) is less than 0.50;

a molar ratio of a content of KyO to the total content of the alkali metal oxides
{K20/(Li;0+NayO+K,0)} is 0.13 or less;

a total content of alkaline-earth metal oxides selected from the group consisting of MgO,
Ca0, and SrO is in a range of 10 to 30%;

a total content of MgO and CaO is in a range of 10 to 30%;

a molar ratio of the total content of MgO and CaO to the total content of the alkaline-earth

metal oxides {(MgO+CaO)/(MgO+CaO+Sr0)} is 0.86 or more;
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When referring to FIG 9, it is apparent that the difference in
tenperature between the first die and the second die may be set at

10C or less for satisfying the target flatness of the glass blank (8
pmor less in this enbodinent). The flatness of the glass bl ank may
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[ Composition 2 of glass] Anorphous alumnosilicate glass (Tg: 630C;

80 x 1QZzPK-EO AVl ade:(ittehD;; BXipahsTenskak0k) tileH o oéret he gl ass at
tenperméfs of 100C to 300C) having the foll owi ng conmposition. The
gl ass rate according to the present enbodi nent rmay be anor phous

al um nosi | i c?ﬁﬁnﬁjsﬁ% f@fv%%g]st he foll ow ng conposition. G ass

material inc as a s conposition expressed in nol% 56 to
75% of Si 02, Amorphous aluminosilicate glass (Tg: 680°C; 80 x 107/K as average linear expansion

coefficients of the glass at temperatures of 100°C to 300°C) having the following composition.

Glass material including, as a glass composition expressed in mol%, 50 to 75% of Si0,, 0
to 5% of ALOs, 0to 3% of Li;0, 0 to 5% of ZnO, 3 to 15% in total of Na;O and K,O, 14 to 35% in
total of MgO, CaQ, SrO, and BaO and 2 to 9% in total of ZrO,, TiO,, La;0s, Y203, Yb0;3 TayOs,
NbyOs and HfO,,

a molar ratio [(MgO + CaQ) / (MgO + CaO + SrO + BaQ)] is in a range of 0.8 to 1, and

a molar ratio [Al,O, / (MgO +Ca0)] is in a range of 0 to 0.30.

[0093]

[Preparation of glass substrate for magnetic disk in Example]

Using the glass blanks of samples 2, 4, 6 and 7 described above, glass substrates for
magnetic disk were prepared, respectively, by performing all the processes except for the process of
the step S40 illustrated in FIG. 2. That is, the glass substrate for magnetic disk was prepared
without performing the process of grinding the principal face for improving the flatness. The
prepared glass substrate for magnetic disk has a nominal 2.5 inch size (an inner diameter of 20 mm,
an outer diameter of 65 mm and a thickness of 0.8 mm).

In preparation of the glass substrate for magnetic disk, the processes of first polishing and
second polishing were performed under the following conditions.

- First polishing process: polishing was performed using cerium oxide (average particle
size: 1 to 2 um in diameter) and a hard urethane pad. Machining allowance is 10 pm.

- Second polishing process: polishing was performed using colloidal silica (average particle
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1to 11% of Al 203, nore than 0% and 4% or |ess of Li20, 1% or nore
and | ess than 15% of Na20, and 0% or nore and | ess than 3% of K20,
and is substantially free of BaQ a total content of alkali
nmet al oxi des selected fromthe group consisting of Li20, Na20, and

K20 i ssizg (0T Rglgﬁ dpdmderh Ondl %61t Arefhépad. atMQcIﬁxfung aRORLREBGs Plid-i 20 to
a content of 20 (Li 20/ Na20) is less than O. a nolar ratio

of a cOiMfi9%ht of 1C20 to the total content of the al kali metal oxides
{1(20/ (Li 20+Na20+K20 s 0.13 es otal_ content of
aI kal i ne- ear MA*mELCA] 1%& legiers iz @%%HGC? ?%%%%@S@%ﬁteéé%ﬁ%eﬁ@ dis, which had

and Cab Vs PioResl kB i R Rles W S, 8 B0 7 R R Aol i

conten(saﬁfpld‘s’m ang 6Gadt7, krépedtiieBl). content of the al kal i ne- earth
nmetal oxides {(MO-1Ca0)/(MO+Ca0+Sr0)} is 0.86 or nore;
total contenPepisitigneolzrecatlinghaseabn S dass subrirateor alagadticriiskening ervemadl in the

0
oxi des Ilﬁ)wmg Tnardiep© POf 2&9{1 ta eésll%é layer, a soft magnetic layer, a pre-underlying layer, an

underlying layer, a principal recording layer, and an auxiliary recording layer, a protective layer and
a lubricant layer were sequentially deposited in Ar atmosphere by a DC magnetron sputtering
method using an evacuated deposition apparatus. The Ar gas pressure at the time of deposition
was 0.6 Pa unless otherwise specified.  As the adhesive layer, Cr-50Ti was deposited in a thickness
of 10 nm. As the soft magnetic layer, layers of 92Co-3Ta-5Zr were each deposited in a thickness
of 20 nm with a Ru layer of 0.7 nm interposed therebetween. As the pre-underlying layer, Ni-5W
was deposited in a thickness of 8 nm. As the underlying layer, Ru was deposited in a thickness of
10 nm at 0.6 Pa, and Ru was deposited thereon in a thickness of 10 nm at 5 Pa. As the principal
recording layer, 90(72Co-10Cr-18P1t)-5(S10,)-5(Ti0O,) was deposited in a thickness of 15 nm at 3 Pa.
As the auxiliary recording layer, 62Co-18Cr-15Pt-5B was deposited in a thickness of 6 nm. As the
protective layer, a layer was deposited in a thickness of 4 nm using C;H4 by a CVD method, and the
surface layer was subjected to nitriding treatment. As the Iubricant layer, a layer was formed in a
thickness of 1 nm using PFPE by a dip coating method.

[0095]

[Evaluation of magnetic disk of Examples]

For the magnetic disks of samples 2A, 4A, 6A and 7A, a touch-down test (DFH
touch-down test) of a DFH (Dynamic Fly height) head element portion was conducted using a HDF
tester (Head/Disk Flyability Tester) manufactured by Kubota Comps Corporation. In this test, the
element portion is gradually protruded by a DFH mechanism, and contact thereof with the surface
of magnetic disk is detected with an AE (Acoustic Emission) sensor to thereby evaluate a protrusion
amount when the head element portion comes into contact with the surface of the magnetic disk.
As the head, a DFH head for 320 GB/P magnetic disks (2.5 inch size) was used. A flying height
when the element portion is not protruded is 10 nm. That is, for example, the head flying height is
2 nm when the protrusion amount is 8 nm. Other conditions were set as described below.

- Evaluation radius: 22 mm
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a nolar ratio of a total content of MgJO CaQ, and Li20 to the total
content of the alkali netal oxides and the al kaline-earth netal

oxi des {(My0O+CaO+Li 20)/ (Li 20+Na20+K20+My0+Ca0+Sr0)} is 0.50 or nore;
a total content of oxides selected fromthe group consisting of Zr02,
h02, Y203, LaR&3tioDni#Eer olfi2@heticadisk: 7d@@Epms nore than 0% and 10% or

Iess and a nolar ratio of the total content of the oxides to
a content of" Tﬂllmaﬂt!{lltez%%n 02+Y203+La203+Gd203+Nb205+Ta205) / Al 203}
is 0.40 or m)l%l !;ﬂ{‘t [Corrp05| tion 3 of glass] Anor phous

al um nosilica % a5 (Tg: 680C, 80 x 10-7/K as average |inear

expansj@pespoefficients of the glass at tenperatures of 100C to 300C)
hayi ng the foll owi ng conposition. A ass material including, as
a gl ass conpBsiults ad tbx PFEE seathidowmnicds arb Qllosra®sidinoTab® 02, [0 Talde 2%cedluations
Al 203, O togﬁ/oof Li.2Q0, O to 5% of ZnO 3 to 15%in total of Na20 and
K20, 1¥etemaduasideserdiedibelow angerdingio thaprotrusinn apaentaidhohead elpenhportion.
total of ZrO b203 Ta205, Nb205 and Hf 02, a
nolar ratio ﬁPR%OO%O@%§Q%m{)%§ O+ Sr0 + BaO)] is in a range of
0.8 to 1, anpo@: m@fmglaﬁh@m{wﬁlég)aﬂ (MO +Ca0)] is in a range of O
to 0.30. [0093] [Preparation of glass substrate for magnetic disk in
Exanpl €]097] Usi ng the gl ass bl anks of sanples 2, 4, 6 and 7
descri ﬁeﬁ\% aﬁove gl ass substrates for nagnetic di sk were prepared,
respec I by performng all the processes except for the process
of the step S40 illustrated in FIG |2. TBedluitin dfhe gl ass substrate
for magnetic di sk was| prepared w thout ﬁﬁﬁfggj‘nrﬁnﬁﬁmt he| process of
grinding the princi palsdgAg2hor Thpr OVI ng tﬁ@or'r '”atness. The prepared

gl ass substrate for légAGISK ncs a 1o &ﬁ 2 57nch size (an

i nner dianeter of 20 Iy uter—drareter B 65—m—anhd a t hickness
of 0.8 mm). I gr,\e‘éﬁxunn ofi—t+-he—gl Q¥ substrate for magneti c
di sk, the processes of ey polishilng and @dand poli shing were

perfor pesunder the fol l owi ng conditi ons.

Protrusion amount for each of the samples 6A, 7A was 7Tnm or greater, while protrusion
amount for each of the samples 2A, 4A was less than 7nm.  The glass blank of the sample 7, which
is a basis of the sample 7A, has flatness of 4.0 um or less that is target flatness of the glass substrate
for magnetic disk, as illustrated in Table 1. Accordingly, the sample 7A, which is a magnetic disk
prepared based on the glass blank of the sample 7 without passing through the grinding process,
also has flatness of 4.0 pm or less.  As a result, the protrusion amount of the DFH head could be
sufficiently increased even though the grinding process was omitted for the sample 7A. That is,
for the sample 7A, it could be confirmed that a glass substrate for magnetic disk, which has good
flatness and surface roughness and allows a good DFH touch test result to be obtained when the
glass substrate is formed into a medium, can be manufactured even though the grinding process is
omitted.

[0099]
<Second Embodiment>

In the present embodiment, processes other than a press forming process in a method for
manufacturing a glass blank for magnetic disk are the same as that in the first embodiment, and are
therefore omitted for the sake of brevity.

[Thermally equalizing treatment of die]
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First polishing process: polishing was perfornmed using cerium oxide
(average particle size: 1 to 2 pmin dianeter) and a hard urethane

pad. Machining allowance is 10 pm Second polishing process:

pol i shing was perforned using colloidal silica (average particle

size: 0.03 1Mt Preds &TRIRE proded ol IO EmbotiRlehR fiRrRady ediE inp iR8ment (thermally
al lowance is 1 tun. [0094] Next, recording |ayers were

deposi eaepligimetiecags)aghe disss perfersnedat timing betweenl prdss forminghohagdotb&erand press
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pr epar °fﬂ]é@%8€ﬁh8 n&i“s@g{igs’ R DAl gl gReciiel T cPRpOEsly\fa p)cause the gob
Deposi @ of t S '

i Sk us e SoRR AR PR O R e S LR (Bl M RARE bbfiment of the
a sof t dieagiliettd destrdlydirwitlargferenetndeRIGE D td B3 erFIGAN0 waleietvyion gxglaiak, thérmally

principal recording layer, and an auxiliary recording |ayer, a ]
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Ar at . e a DC netron utterd ng net hod usi n_ev at.e

depost T btuae ™ RIS D R Rt b Al S R ey e iR tore and
was 0. gfrfans tlcafglPéfanvhg GeaRRel bf @ dieds the adhesive layer, Cr-50Ti

was deposited in a thicknéss of 10 nm As the soft magnetic |ayer,

| ayer s [@f0092Co- 3Ta- 5Zr were each deposited in a thickness of 20 nm
with a Ru Iaﬁ gf 0.7 Su i nt er posed t herebetween. As the ) ,
pre- under | yi §5-|1 \@} to () 1BugtREetrepbiped inggding paess KPKAS 8§ ther 2ab Gmillustrated in

th | vi ) ited i : _ 1 £ 0.6
o and i i SR8 plRY il of B HERIRRIGE, | A 100 KPR o IGHED. AT are
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deposited in a thickness of 15 nmat 3 Pa. the auxiliary recording

| ayer , baké: ygtrallysills a@vnawt déposict édFIG 18).t HTlekerdiss aofllhBtramtl AsFIhe0 (b), a
protec%iveeﬁgger. a layer &ﬁs deposited in_.a thickness of 4 nm using _
CoOHA b>}1e§m tﬂ)@{lﬁxg&m Arlplitf, set af g X tqrravjé:p tg@gergtga isdnssied hetween thefirst die
nitridi wr e | a : ]

hi cknoas”ey POERERU dic s, B Bl SRl K Rer e SRR GLRE hBE 10 0,

[ Eval udie dins afe clagrietvith tHe ShermhlliDeqogllAg] material H irseted e @@L M ereby both
di sks of sanples 2A, 4A, 6A and 7A, a touch-down test (DFH touch-down

test) &frfaceppfi thorannly rnyalizagmeaierink Hdatel reglht iptr suréiee wgstact with the inner

duct ed i t d/.Di Fl.yability. T .
manu aCCUPLE BRI EPS TEbh b MEoTao R R e tinet Vbt efepliel wfrphe2e of the
port i OBedofid Geathial IphePfueh b SGfadd¥nAy Q:dﬁérfﬁﬁlla@% ﬁ'fgwﬁfgg &?ﬁ?i‘gﬁér A%rcumferential

thereof with the surface of nmagnetic disk Is detecte
( Acous surfacErpess onhirgemusiace)tod thehdie ebyilwsirated af BI@ 1pr(o), buisit suffiasmimithe surface
when the head el ement portion comes into contact with the surface of

t he ma§PEestds perigmedat lepdt aha pertiog obfhg inea @irewnfesarsiabpprfaceadic qostacts the gob.

di sk i pch_ si . hei,ght ~ wh he .el
| SKS b%ﬁSto' ﬁ{é subfaf€ )ngﬁ%?’ gtﬁ%gnrhé% éili%g}qgﬁegt?élgsoufrfagisgﬁ{)fa el,?aule ﬁgrrcﬁgs;l Sach have a
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f1yi ngtdi@iegdttirel Bletidal B WNRB th e REMprEGEOBS MO HRIMAISy 8%1551&1211@2 r%ﬁferial H. The
a mm

conditions were set as described bel ow. Eval uati on radi us:

surface contact is continued until the molten glass is cut to cause a new gob to fall down for press
forming as illustrated in FIG 10 (d). A time during which the dies and the thermally equalizing
material H contact each other is, for example, 1 second or more. In the event of FIG. 10 (d), the
dies are opened again to cause the thermally equalizing material H to retreat to the lower side.
[0101]

As described above, the thermally equalizing material is used for the purpose of reducing,
or more preferably eliminating a difference in temperature between the first die 121 and the second

die 122 during a time period between press forming of a gob and press forming of the next gob

when gobs are continuously press-formed. The thermally equalizing material is preferably formed
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Rot ati on nunber of magnetic disk: 5400 rpm Tenperature: 25C
Hum dity: 60% [ 0096] Results of the DFH touch-down test are
illustrated in Table 2. In Table 2, evaluations were nade as
descri bed bel ow according to the protrusion anount of the head

G ORI R, g 4 cnamato s o el e
aluminum or an aluminum alloy, and has a shape which allows the thermally equalizing material to
come into surface contact with the inner circumferential surface 121a of the first die 121 and the
inner circumferential surface 122a of the second die 122 at an equal pressure. When the thermally
equalizing material is formed of a material having high heat conductivity, the whole of the
thermally equalizing material is easily set at a uniform temperature, so that the temperatures of the
first die 121 and the second die 122 are easily equalized.

[0102]

The temperature of the thermally equalizing material is preferably between the upper limit
and the lower limit of the temperature of a portion which contacts the gob when 1t is assumed that
press forming is performed without bringing the thermally equalizing material into contact with the
die. When the temperature of the thermally equalizing material is in the above-described range, a
difference in temperature at the time point when the die and the thermally equalizing material start
to come into contact with each other is small, so that a difference in temperature between the first
die 121 and the second die 122 can be made close to zero in a short time.

[0103]

FIG 11 illustrates a change in temperature (change in temperature associated with the
thermally equalizing treatment of the die) of the press forming surface of each of a pair of dies
when the temperature of the die is higher than the temperature of the thermally equalizing material
at the time point when the die and the thermally equalizing material start to come into contact with
cach other.

In FIG. 11, time tO represents a time point when the pressing of the gob 1s started when the
Nth glass blank is prepared. In FIG 11, it is assumed that the temperatures of the first die 121 and
the second die 122 are identical at time t0. During a period A of time t0 to t1, a high-heat gob
comes into contact with both the dies, and heat is transferred equally fo both the dies from the gob,
so that the temperatures of both the dies rise at identical gradients. The glass blank is taken out
from the die at around time t1.

During a period B of time tl to time t2, the press forming surface of the die is gradually
cooled by outside air, so that the temperature decreases, with the temperature at time 2 being a peak.
At this time, for example, even if the peak temperatures of a pair of dies are identical at time t2,
their temperature decrease gradients may be different. For example, this occurs in the case where

the glass blank remains stuck to one of dies when the dies are opened after the glass blank is formed.
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Poor Sanpl e 4A Poor Sanple 6A Poor Sanple 7A Good [0098]

Protrusi on anmount for each of the sanples 6A, 7A was 7nm or greater,
whi |l e protrusion anount for each of the sanples 2A, 4A was | ess than
7m. The gl ass blank of the sanple 7, which is a basis of the sanple

7A, hagifhiatinRs wieh aft @ dbcRABEd B8RSthE hakribSof ME UL tdlagd mlaesﬁle&f fohfifig surface,

gl ass substrate for magnetic disk, as illustrated in Table I.

Accor damblhe, glabeebakms defighedwirpmhthie slia byageetsi ¢f ik skschagpdoed, Hesethperature
on the glass blank of the sanple 7 wi thout passing through the

gri ndi AgFrerse eardienty pEherlies in the peded Brarg deffaientdf theelischargg of airgis performed for
t he pr | ampint | d ffiecient|y dncreased
cven t BeidRt fta” gFHGe Bieelatin 2oEblUER clielor e B . Bt AV Bltween

i's, fothetdietcsRRRh %e\?ﬁ@ssibﬂanﬂkabtdcl«bﬁl@t@Bmétﬁ%i&ME ehisObRAR isHHRSlubRL e
for magnetic di sk, i ch has good fl atness and surface roughness and

allows a g_oohl @i@-ﬁm@;ﬁmemteﬁtr example; theghtrmabiytegimleinguneteriohis igdearsd into dies at

SubStr e b PRI LD A, Medum, can he manutactur e oen 00K, g o
period C of time t2 to t3. Consequently, the temperatures of the first die 121 and the second dic
122 rise to a temperature identical to that of the thermally equalizing material at time t3. At time
t3, falling and pressing of a gob are started for preparation of the next (N+1)-th glass blank. At
time t3, a difference in temperature between the dies is zero, and therefore the (N+1)-th glass blank
has a good flatness.
[0104]

FIG. 12 illustrates a change in temperature (change in temperature associated with the
thermally equalizing treatment of the die) of the press forming surface of each of a pair of dies
when the temperature of the die is lower than the temperature of the thermally equalizing material at
the time point when the die and the thermally equalizing material start to come into contact with
each other. In FIG. 12, unlike FIG. 11, the temperatures of the first die 121 and the second die 122
decreases to a temperature identical to that of the thermally egualizing material at time t3. Since it
suffices that a difference in temperature between dies is reduced or eliminated before press forming
of the next gob, the temperatures of a pair of dies may be elevated or may be decreased by the
thermally equalizing material as illustrated in FIGS. 11 and 12.

[0105]

As described in the first embodiment, there is a correlation between a difference in
temperature at a position where a pair of dies face each other at the time of press-forming the gob
Gg, and a flatness of the glass blank obtained after press forming. In the present embodiment,
thermally equalizing treatment of die is performed so that the difference in temperature of the dies
is reduce or eliminated at a early period of press forming consecutively performed. Therefore,
when manufacturing glass blanks consecutively, it becomes possible to achieve good flatness for
glass blanks.

[0106]

<Third Embodiment>
38



In the present enbodi ment, processes other than a press form ng

process in a method for manufacturing a glass blank for magnetic disk

are the sane as that in the first enbodi nent, and are therefore

omtted for the sake of brevity. [Thernmally equalizing treatnent of
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die 121 and the second die 122 during a time period between
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and immediately thereafter or concurrently therewith, the dies are opened, so that the glass blank
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[ 0103] FIG 11 illustrates a change in tenperature (change in
tenperature associated with the thermally equalizing treatnment of the
die) of the press form ng surface of each of a pair of dies when the
tenperature of the die is higher than the tenperature of the
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The gl &#wsetpl abiace thetsakesrd suforniedimatdveuiihepatlong therdrctunfeeride.of the glass blank S,
Duri ng eriod Bof time tj to ti the press form ng surface of

a I t2, tr . ]
the di &'9&856H% %&WWU@G&@&LW%% e aty piditrayy plage pn fheeciicambaprgend dhe die.
decr eases, W SORSLAt UL mat i : in kK., At this
time, for eﬁghg E?E%%%n f%%fﬂg)%%éwg#gﬁﬁéiggﬁéé%ng?ﬁgﬁﬁgff"%Pr39§?nentW“h
are identingat velich ithe dicd, int Bedlpscesmer Akne SRAT 2286scEbaH a8 HRWhE Ghrase
different. For exanple, this occurs in the case where the glass bl ank
r emai nSinypedintelydedire” oiferdite §mikgaboh &0 ¢ &200ame bofoentd tafingnt whiehghadiss start
blank is formed. 37 At this time, when air is discharged fromthe
interi S1°% the die toward the press form ng surface, and the gl ass
bl ank is det ' - B :
Cemper at ure. Gooous’ eabinihg ool RENGaL i bR Lol 0Ge f fodbd ino the
di ff er epacei 3 petpendicslatigrigethofingrr citcamfeehtid neefatar 100t ind he2L(ies in the press
This is because the degree of cooling of the die by discharge of air
vari es deqtinees Ahropgh #hcePassagenproniden dn (lagk slid| veniin thisuiokodurtion respetitethe gas

to which the ol ass blank i:s not stuck. Ln_thi di nent ,
For " ex i Qbetn BRIl ey SaRan R AoRtige aprans i Her e Bk R Hoaw of gas
at ti movadd e EladshRadknG iR eYat &N YR tekdl8eTRE %Fa%s}%laﬁl@G% ahy F%&E@ and thereby

contact with a pair of diés during a period time t2 to
Conseqtiermbly shrhek.t ehpordinglyest thd sanketithe 0§ tloding of 2He ding thdglasestandfalls down
die 122 rise to,a terrpet{lgl%ire identical to that of the thermall

. . y
equal i % hyerhgtieliegiion i ejng attaghed; tany of thegpper ciycaméerential syrfige d2 1 aof the

gob ar d i 1) -th,ql bl.ank. At

POne" S I Al PO OR ) LGS EH (EL D B2 R0 ot
theref eg &)t he (N+1)-th gl ass blank has a good flatness. [0104]

FIG 12 illustrates a change in tenperature (change in tenperature

associ 8188lwith the thernally equalizing treatment of the die) of the

press formn urface of, each, of .a pair of dies en_t he tenperature )
of the die i & ﬁ‘&m% a??’ﬁ‘éfn"&ﬁ%@ ‘leéﬁ‘fb@reg‘t aﬁoée%flﬂPﬁ@t? &Y FifF| 1. ajefarabli g gas is
o o | i e pRE B ARl AP L e G R e
unl i keirFtat aid prdshee tofnpe iriodues! gfs Sdieedi 4 Phir difelids? 1 TABGtLbGrS 8L MR Dassage
die 122 decreases to a tenperature identical to that of the thernmally
equal | 3ty nestage dameder, efcnelor suppdy n€e gas, whichiis grovidesl inaeagh fof er paicef dies, is
in tenperature between.dies is reduced or.elimnated before. press

For m n Gt RELRED 5o fn Setp P arapaLsG 1 Gh b et e 1hiy Mwence on o
I tot £ ot ag P Ry cHRAREE 8304, Bes b8 TS bPOE SR 4 DO Bl fihe die
first erbhpdnekeaisr thd'n_gllag‘. blsnkaGae foreded! | Ancdréingben siustiohfcan ®eeecidsd in which as
t enper teure %tma p?5| tion fWhere adpal r of dies face each other at the
time offCpAEadpe nitery 1t werfgrmeded dafffaenser inafoRassatare beiavegh alies i anmkeased to
obt ai nﬁ&eﬁ&&?eﬁh@ﬁ%éssf&rtﬁ@ QQSS blléhkt(k},e present enbodi nent, thermally

As described above, the glass blank G obtained in the forming step has a good level of

surface roughness by keeping the surface roughness (Ra) of the inner circumferential surface 121a
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[ 0106] <Third Enbodi nent > In the present enbodi nent,

processes other than a press formng process in a nmethod for

manuf acturing a glass blank for magnetic disk are the sanme as that in

the first enbodinment, and are therefore omtted for the sake of

brevit ynd tHelihke droemfdrésial egndi1NRNbS tHehBesdt@SE piod ety SodRCEE dliksdlank G

met hod for manufacturing a glass blank for naggetic di sk according to
t he pr baeheencepsibyiatiehed Hasha inger seenmistengpbestse of ghodie after formatiop when the

t he detach . process,. treatnent .is performed. for .ensuri.ng that t

ol ‘s BSRaRk EfPEER Beink iR BT Pebior b Rl ptsRs WEvRE s, moptf surtace
Ci rcuntgiognédsal sl Qo dimdd, MiwdvBE tild f18ds tirk cha be 3Rshell Rl without being
circunferential surface 122a of the second die 122 after press

f or m ngttachbe té tleatnmentircumfevatisdletvataberefitnp v clesdiepioklind o thesdatichednt process
with reference to FIG 13. FIG 13 js a viewillustrating treatnent

i n t hedgrstiBehaARdie. prldeleiss om0 the tstabmentsproesss haih whg advagtagg dhat dhe surface

suppl i C 0S| i 0 .
tho el et BRGRue Bt A St difhathe hinBlef vy Mebos i oy e o
por ti omeOfictdfRr Fbdstiol! @RkbedGudhSevie@C alThat 1§ OMkatktathinest E@E&std@lﬁ wH @8tably used
(first die 121 and second die 122) and the glass blank G are in

cont acpamictlarlg acmaottheiure ofa glhsstblanheeglinddo bhvrdmall swfaeamivginaget ached
fron1%fe gLe. This is considered to be because the outer

circumt@ldntial end portion of the glass blank Gis cooled and

thereby shrupk, q@Bhed! LBl Yud UREAHE BRI G406 bORGESH HEWTLE LRl Mnce in
surface, and consequently en the die is opened, air easily enters a

gap betstgenattitent @l sRiodl vildte GpaNbIthe dteeachdtiidiat tHdemgbaptesbfaikngd the gob
easi |y det ached. Specific exanples of the nmethod for cooling

at | ea$lc, angar flatogdss o dho glass b&ﬁmkcﬂbhﬁl@rgﬁﬁﬁfane%dﬁoﬂhm- ofn theeprgsens smbodiment,
bl ank ile the both the djes.a the gl ass .bl ank .G are in contact

i £ e SEHCERE P st o Heshment o e (aen oyt e TS PrePéited after
suppl i e j i tiod

o . o B T o A St PP sy Been the
f or coehirrgdidies gippsssdl. armhefsforeneteatmahyfabefiog glaes blankceonseoutibylywit bicomes
timng at _ which the first die 121 and the second die 122 in a cl osed
state passiple & pewent detgriaratipp g flptapsfighiskblanky (c)) start to open.

The te ézture of the gas supplied may be a tenperature for locally
cooling@ﬁ' glass blank G at the tine of press formng, and is, for

exanmpl e, oot efpedRtdiiCor fikGresbat inbvbtiin 1858 DebeRFBEE 115 détd), ©RGhe method
(b) as an aspect of supplying the gas. In the aspect illustrated in

FI G 13on(m}jpuihtterigms glass bhank dodumeghetis ujigk, ilednethnd doit inemdpetuengdsa iginss substrate
parallel to the jnner circunferential surfaces 121la and 122a of the

di es. EnBReNFERWISK, andeglass blagkdak meeneic Bekanrqcprdinpiceiie aFgertHay @ppn are not
ther na!liﬁélteﬁ?{)" %fo%ﬂ%n{imdén%éﬁhé%ﬁtgﬁaég?{iﬁ ggecﬁéss%) gﬁgﬁn‘xéte\%ig?ff glogiof\l,%tions and

therew th, di"es are opened, _ gl ass :
in a V%h&ﬂgé@hla?“bé%ﬁdle@ﬂm&li fpattinpeidif tied dpadhigahd Gemyindbnddie | nner
circunferential surface 121a of the first die 121 and the inner
ci r cunfBelsrancabiggatistce 122a of the second die 122. [0109]
[0113]
1...Glass blank for magnetic disk

2...Central hole
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FIG 13 (a) illustrates one exanple in which the gas is introduced

into the space fromtwo | ocations in each die through a passage

provided in each die, but the present inventionis not limted

thereto. Since the space Sis fornmed in a donut shape along the

ci r cunfvgtie iceaidfedtihe gl ass blank S, the gas can be introduced into

the space S froman arbitrary place on the circunference of the die.

The gad.is i At methedclgr inanyiachuingpa gdess Wank: fori magretimatifkattht yndtleddo ireluding a
or congurrent with timng.at. which the.dies in a cl.osed state start

Lo operdHUNSIautsestof REOVRIMIG 2 (HEPpRF Jelien; ftSapsibeld PREr %5, the method
refers cb@pfiligkng about 10 to 1000 ns before the timng at which the

di es starP t o open. On the other hand, in the aspect

il lustrated bbtaklifg al3ofrbiption etgesm ias diffdr¢med ue derhpdranuth @1 P Sf dies in
perpendicularly to the inner circunferential surfaces 121a and 122a

(i .e. DPressampngshe woker gasy pnd Hlabiegh of He plasshlgek pbioinedexfter presadhrming, the

die. EBEv in this introduction aspect, .the. .ntroduced in opposite

ai r ect Hobs el R er bt PR o i R BB R ha

stream of gagedNRG 4 BETBHRSSn BbAPKaled 8 BRNGEALLHies 3R SERR! Qhlation, ¢

t he gl ass bIa%k Gi%g | ocal |y cgoleg§%nd thergﬁg thef%ally shrunk. ation, the
Accor didiftdrgnce ®haliling famss tdgnizedfor cheoglhszglatk; bk di es, the gl ass bl ank
falls down in a vertical direction wthout being attached to any of
the inner ci PEIGHERBAG RMuNg Pages 59 Thatot GiEiEenes i forapegaryte1ofh paReof dics is

i nner Ci.-he [ i %%%% f _the second die 122 as in the

case o%h é@k%@ﬁ%ﬁk@hﬁgﬁ%%?%qn r$¢ﬁ%he treatnent in the detachnent
process illustrated in FIG 13, preferably the gas is introduced at
positions symetrical with respect to each of a pair of dies, and

there iZs no dh¢ freethort dori manafaetudngl appless blagk obr mivemptt Kol uaedrdgees to claim 1,
between . a pair of dies. K The siructure of the passage (path, passage

di anet é*fh,e?%e H?e)f?%qss EisF Temhe st_}lavsﬁfscwuﬁ}sto e & Piebeta i, the flatness
pair Ofolt;g{eefﬁa efic EHSEfb%fn%_tﬁe)t[erﬁlyﬂQaptf)r &&)%ht zpﬁéa\geﬁ gélﬁﬁin %QE%QHS{N& when the
it can be ensured there-i’s no Infldence on a difference in

t enper atdgnetidd@tiwBenoditeiSinbyhardicRdesité.on of the gas over a period of

time until the dies are opened after the glass blank Gis forned.
Accordingly, a situation can be avoided in which as the detachnent

step i perforned ifference in te rature between dies,is .
horeaded t o ETEIR G ol FREFigk oSO Graet ik gb@Hng to claigd or 2,
descri bad M oVEe f§hiBn@hdR8ssPihe Mo PRLREDSsd Whild B fienidhRgs leﬁ? i
good Ievef of sﬁrfac@géougﬁhess bgbﬁeepan'?he13ur%§'é od% ness %g?ajwn
of t he orthogmatiorthel flllergeditdcabn ssing degpali2ifalicsand t he i nner

circunferential surface 122a of the dies at 0.1 wn or less. So far,

the gl ass blank G has been easily attached to the inner

ci rcunferenti f he die after.fon-nation.when the.glass

b1 ank 5. 1 or i Teeeb RS Blruirfies Hes SiarRonh Plaedilic B0 et aleds tmy one of
havi ng chiGE 130 3/MhdreidUh HARCRMMIGRBRSS présd fékliss RTREBIABN o thAOME Y&hperature of
the gl ass bl ank can be caused to fall "down mnt%out bei ng attached %o

t he i nperticas ptthefpeirefitlica) whigh tatectdlie mniternglagshis stbsantaliy tige amet he

det achnment process descri bed above. That is, owng to the detachnent
process, both the advantage that the surface roughness of the glass

at taohed to TR Rt apia R 208, bRk £ ghaR ok 0flihgg any one of

det achirkiivhis Prio deaBeretnthb €crhipdritaR of tHe Péir Rabiek e lkept IbvdrIh4Bd bl gCralsRion point
of a glass blank required to have small surface roughness. [0111]

As des¢Feloddhe molthe glabs duringnbpetiadeefitime heitlghe glass wanls is|saparand femwtenlie after
a diffErence kn tqqﬁﬁ%g%ure at a position where a pair of dies face

each offi@P4e 't AEd f press-fornming the gob G5 and a fl atness of

the gl ass bl ank obtained after press formng. In the present

—

6. The method for manufacturing a glass blank for magnetic disk according to any one of

claims 1 to 5, wherein in the forming process, press forming is performed without attaching a mold
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[ Reference Signs List] [0113] 1...d ass blank for magnetic disk 2..
.Central hole What is clainmed is: 1. A nethod for manufacturing a
gl ass blank for magnetic disk, the nethod including a form ng process
of press-forming a lunp of nolten glass using a pair of dies, the

met hodrelesspasérizfito the die. obtaining a correl ati on between a
difference in tenperature of a pair of dies in press-formng the
nolten glass and fl atness of the glass blank obtained after press

formng, the diff nge bel neasur ed i tions. the i r of

i es 146 ng. ABRERFER? mPRaTRECY BhSs laR St eBlficntish fredRiit 18 any one of
t enper faphe1 & 6 t\ﬂ%rﬁﬁ'arth@{naﬁh)%ﬁmgaﬁ eckmbich® 1607 &l Rt ©Bf thte%‘?ass blank obtained
di fference enabling flatness required for the glass bl ank;

per f or aftexgpredsdofoingiing apaoges30so10” hat 108 di6f@r'ence in t errper at ure of

the pair of dies is within the determ ned difference in tenperature.

2. The nethod for manufacturing a glass bl ank for nagnetic di sk

accordighg to regquire t he S

bl ank ?s equgﬁé?W£m%i{ﬁ@ﬁéﬁg&hﬁﬂﬁa ﬂ%@%ﬁﬁkgﬁgni a?%@g%n%Wg%ﬂénYOHGOf
magnet kil $kobRivARrelftig AR RAFhih® pRICBKE Me Euﬂ}ﬁé‘fimfo[t Ia@y?ﬁ‘bﬂégs foh@ied so that
magneti c di sk when t he magnetic disk is mounted in a hard d '

devi ce flatn8ss ditike glasdidenlf B8 ymapufeast uri ng a gl ass bl ank for rragneti c

di sk according to claim1 or 2, wherein in the form ng process, the

| unp of nmolten glass while falling is press-forned in a direction

orthoggnal taq [be.fatt mguﬂi:{uﬁﬁéiaoglayssi)ﬂgk e nﬁ@lilerticoéislgi i€ ‘method comprising a

forming process of press-forming a lump of molten glass using a pair of dies, wherein in the
forming process, the lump of molten glass is press-formed so that a difference in temperature of the
pair of dies is 10°C or less, the difference being measured at positions of the pair of dies facing each

other.

10. A method for manufacturing a glass blank for magnetic disk, the method comprising a
forming process of press-forming a lump of molten glass using a pair of dies, wherein in the
forming process, the lump of molten glass is press-formed so that flatness of the glass blank is 8 um

or less.

1. A method for manufacturing a glass substrate for magnetic disk, including a polishing
process for polishing a glass blank with a machining allowance of 50 um or less to manufacture a
glass substrate for magnetic disk, the glass blank being manufactured with the method for

manufacturing a glass blank for magnetic disk according to any one of claims 1 to 10.

12. A method for manufacturing a glass substrate for magnetic disk, wherein a glass substrate
for magnetic disk is manufactured using a glass blank for magnetic disk, the glass blank being
obtained with the method for manufacturing a glass blank for magnetic disk according to any one of

claims 1 to 10.

13. A glass blank for magnetic disk, which has flatness substantially the same as flatness
43



4. The method for manufacturing a glass blank for magnetic disk

according to any one of clainms 1 to 3, wherein in the formng

process, press formng is perfornmed so that the tenperature of

portions of the pair of dies, which contact the nolten glass, is

subst apdquakd Yo (R Sag@tic disk, The MRl equfed TBNtHeagh kB gk BLAS Hetermined to
bl ank for magnetic disk according to any one of clains 1 to 4,

wher ei pravhet ¢ benddram towshofg thienagastic difk dihes thesmkgptic|dmkes ndvaredan a hard disk
glass transition point (Tg) of the molten glass during a period of

time uflEY!fSthe glass blank is separated fromthe die after beginning

to contact the die. 6. The nethod for manufacturing a glass blank

for magnetic disk according to any one of clains 1 to 5, wherein in

the foilm ng PhogRssShlailt @8 Inde@End Mgk hscobdihg @F &Rh 18 AU isahAREANREd &ith press
mold 42 release material to the die. 7. The nethod for

manuf adergniitig a gl ass bl ank for magnetic di sk according to any one of
clains 1 to 6, wherein a thermal expansion coefficient at 100C to

300C of the glass blank obtained after press formng is in a range of

30 x lggsto 1 ) : : i

bl ank ?g} nagg%?képg%éfaggggggpﬁgn%&ﬁgﬁeggﬁ%q%?ﬂgFgﬁﬁg&%ﬂF%Q%?mghﬁﬁém}msa
wher ei ralue of Heprhartessgviphosesaring beerd 4n@e®bf 89 IniRAin PiadsSer @iected on a principal
press-forned so that flatness of the glass blank is 8 i.tmor |ess.

9. A miagsed theotlassdhankact uring a gl ass bl ank for magnetic disk, the

met hod conprising a form ng process of press-formng a |unp of nolten
glass using a pair of dies, wherein in the formng process, the |unp

of nol tign gl ans glas BIAR Sof RfaBEMicSAsE B&dordinglird hey BRE Bf cRith€ P86 abUhMerein the
of the pair of dies is 10C or less, the difference being neasured at

posi t i endamfrotdhmemaRe) of a paiesf fracipal faeacis (ol pmror lesk0. A net hod for

manuf acturing a glass bl ank for magnetic di sk, the nethod conpri sing

a formng process of press-formng a lunp of nolten glass using a

pai r of,,di es rein.i I SS, e | . of | ten .

gl ass iig' pr eglg- gdrs %@njégoélﬂg%r{eﬁ ngs%gdgg&gfneg[%eangp)ggé) lflb ARk 1?20 ég’p‘r%%?n glass
| ess. cdhpodiitmtdiachalrvt pambighiofaédsrardgibatagliabsthe vhigérate for magnetic

di sk, incFuding a polishing process for polishing a glass blank with

a machining all owance of 50 pmor |ess to manufacture a gl ass

substrate for., magnetic.dLsk, the gl ass bl ank bei ng mapufactured wt )
the me?hod £ 8PS RS PR eyt Bk S poiE o gDt TSRS o 17, Wherein a
accor digfifhrt 0, YUy AN Ine il Rratuo'dda M midifrun v ATEL BPfhi{i@Hess
manuf acturing a glass substrate tor magnetic di sk, erern
subst r ateasdrdtg svegmetiea of6S kn & divneieAsd ett@bonS pikigal FhrDT thY @lnds blaik.
magneti c di sk, the glass blank being obtained with the nethod for

manuf acturing a gl ass blank for magnetic di sk according to any one of
clainslg to

is 8 wm or less when
3 °gr'ass

]I’gé glass blank for magnetic disk according to any one of claims 13 to 18, wherein
thickness in cross-sectional shape of the glass blank decreases as going from the outer

circumference side toward the center side,

20. A method for manufacturing a glass blank for magnetic disk, the method including a
forming process of forming a plate-shaped glass blank by press-forming a falling molten glass in a
direction orthogonal to the falling direction using a pair of dies, wherein the forming process
comprises a thermally equalizing process for reducing a difference in temperature of the pair of dies

during a period of time until a new molten glass is press-formed after the dies are opened.

21. The method for manufacturing a glass blank for magnetic disk according to claim 20,
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13. A glass blank for nmagnetic disk, which has flatness substantially

the sane as flatness 43 required for the magnetic disk, the flatness
required for the magnetic di sk being determ ned to prevent a head
fromtouching the magnetic di sk when the nagnetic disk is nmounted in

a har dwiiesskn dmﬂihemallylét;uaffiieg ptasss Blaplocéssroframgety « tidimillaequatidinggnaterial
to claim13, which i s manufactured with press formng. 15. The gl ass

bl ank FE?CW@@%é?ﬁbmdﬁ§kmﬁﬁgﬁhﬁPﬁb0f@ﬁ%Ialn113 or 14, wherein the

fl atness has a value of 4 gmor |ess when neasuring over an area of
65 mmin dianmeter selected on a principal face of the glass bl ank.

16. Thezgl asshbhitedifer mepemettifg Qﬁﬁaks BRI FHHniibnkOe RN a80dediRg tCHABO or 21,
13 to 15, wherein the surface roughness (Ra) of a pair of principal

faces el igthediorhiagprocess pla’SIaefogﬂnag ss ptréerknefloo thatghetdngpeddtsie of portions of
accordi.ng to ar e.of cla erel | ass conpositions
of a pél?erpa&ﬁ‘oﬁ%énﬁ’gt?glcofl@geih tegaﬁg%éw afapijal e ame. 18, The

gl ass blank for nmagnetic disk according to any one of clains 13 to
17, wherein a difference between the maxi mum val ue and the m ni num

val ue @f. t hi TkoesshddSTo? rgMudicthr@§Sa \WeH blRa St ngnevelisRAcareiagahb MY one of
mmin dianeter selected on a principal face of the glass blank. 19.
The gl absmpPBriR 22owheen el temgkiira of thadpaiy of dicany keptdower tillamangla%transmon

to 18, mh i.n thickne i N, Ccross-se na e .of | ass

oo ondleT KED e REh Baraiilias o e BRoy i N eibpaect FOM the die
center afb 0o to%oHEEh@Qdﬁﬁr manuf acturing a glass blank for

magneti c dlgk e nethod including a form ng process of formng a

pl at e- shaped glass bl ank by press-fornmng a falling nolten glass in a
direction orthogonal to the falling direction using a pair of dies,

wher ei B4t he T8¢ rw%lgodpﬁﬁc}a@‘glfwmg 3 glasy biqmérﬂehmw@%énsk @pmd@gd@e@y one of
for red C|n rence | erature o
per i od B 2o e PEEETE G R REREGALES: e STPRgh abtfotp e il Mhafhing «
di es ane)@ReHRE matekial @ AR hod for manufacturing a glass blank for
magneti c di sk according to claim20, 44
25. A method for manufacturing a glass substrate for magnetic disk, including a polishing
process for polishing a glass blank with a machining allowance of 50 pum or less to manufacture a
glass substrate for magnetic disk, the glass blank being manufactured with the method for

manufacturing a glass blank for magnetic disk according to any one of claims 20 to 24.

26. A method for manufacturing a glass substrate for magnetic disk, wherein a glass substrate
for magnetic disk is manufactured using a glass blank for magnetic disk, the glass blank being
obtained by the method for manufacturing a glass blank for magnetic disk according to any one of

claims 20 to 24,

27. A method for manufacturing a glass blank for magnetic disk, the method comprising:
performing a forming process of forming a plate-shaped glass blank by press-forming a

falling molten glass in a direction orthogonal to the falling direction using a pair of dies;
performing, after the forming process, a detachment process of detaching from the die the

glass blank attached to the die is performed without causing a difference in temperature of the pair

of dies; and
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wherein the thermally equalizing process is a process of bringing a
thermal |y equalizing material into contact with at | east one of the

pair of dies. 22. The nethod for manufacturing a glass blank for
magneti ¢ di sk according to claim?20 or 21, wherein in the formng
process, prep&fdraiing, ndtet She detacHing Graesd, i férhiting provessaby hees®forming the next
portions of the pair of dies, which contact the nolten glass, is

subst aftdligniglass.he sane. 23. The nmethod for manufacturing a gl ass

bl ank for magnetic disk according to any one of clainms 20 to 22,

wherein the tenperature of the pair of dies is kept |ower than a

gl ass ansi | ( : Malort L :
e et o B e e el P P PESEBRe X choim 27
t 0 contwdetein hethdi detach@nt JioeesepitHoddt b gartrdmhié antetl ciraignfaregtialsgoriib@ bR the glass
for magnetic di sk according to any one of clains 20 to 23, wherein in

the T oPlnkigs probekuile hteds ties wtibe BEsERmioHERcol et outh ek aBRT ng

nold rel ease material to the die. 25. A nethod for manufacturing a

gl ass substrate for magnetic di sk, including a polishing process for

pol i shbng a ghassetRdPRl WhiltaduiBe Rl A1kl @M’aﬂﬁgne@ﬁ: dtbk BEERding 88 Tlaim 28,
to manufacture a glass substrate Tor magnetic disk, the glass blank

bei ng memerdimot theetbtashinent hecesst ftddast arpaneofuhaotier icirgurafegingiak edyegmktion of the
for magnpetjc disk according. to any gne_of clains 20 to 24. 26. A
nethodgﬂﬁ$£Hﬁ%ﬁﬁ&@&ﬁ&Wﬁ@P@Y§B§§§$é%ﬁ§ﬂ?%¥QMWEf magneti ¢ di sk, wherein

a glass substrate for magnetic disk is manufactured using a gl ass

bl ank for magnetic disk, the glass bl ank being obtained by the nethod

for mapof act Thé RgetRod fasailfadtirii®h FRGNEAIE foH SKpReiealich Beok@n@NY claim 29,
one of clains 20 to 24. 27. A nethod for manufacturing a glass blank

f or magihetdie thii gds, is tshigpliedtitneekdiaselphiefiragr concurrent péthftoneranghwhftbe paingf dies
process af form.ng .a, pl ate-shaped gl ass bl ank by press-formng a
faIIingaWBg gﬂlﬁ?%§§“$ﬁt%paﬁ%ection orthogonal to the falling

direction using a pair of dies; perform ng, after the formng
process, a detachnent process of detaching fromthe die the glass

bl ank att ach@Hte heetlidiefodi rRadu$agheifgol weds Wankout ne@tsingisk dtdrii@Eatchy one of
in tenmperature of the pair of dies; and perfoliling, after the

det achickigmp? 66e3 wheprin in thei fagnipe peacsss, Biesp faeming i paifagnedse thatthe temperature

ol ten ogkgﬁi%hs of the pair of dies, which contact the molten glass, is substantially the same.

32. The method for manufacturing a glass blank for magnetic disk according to any one of
claims 27 to 31, wherein the temperature of the pair of dies is kept lower than a glass transition
point (Tg) of the molten glass during a period of time until the glass blank is separated from the die

after beginning to contact the die.

33. The method for manufacturing a glass blank for magnetic disk according to any one of
claims 27 to 32, wherein in the forming process, press forming is performed without attaching a

mold release material to the die.

34. The method for manufacturing a glass blank for magnetic disk according to any one of

claims 27 to 33, wherein surface roughness (Ra) of each of the pair of dies is 0.1 wum or less.

35. A method for manufacturing a glass blank for magnetic disk, the method comprising a
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28. The nmethod for manufacturing a glass blank for nmagnetic disk
according to claim 27, wherein in the detachnent process, at |east a

part of the outer circunferential portion of the glass blank is

cool ed while both the dies and the glass blank are in contact with

each ofhfiing pAless dfeforEhpadhlteshapra yflae blknk iy Predl Bafingl aafkingQholten glass in a
magneti c dISE according to claim 28, wherein in the detachnent

pr oces diregtion| eriwgonal ggrthe c&ﬁhmgt élrmttoerusmgr T paif of disi wherdyeacparitthe mamfof dies

The medTOHE GroeRERSoP G IS BRaa BAGHRIREY Dk SREGICE 1o BRI Of dies, 30d n the
accor digheh;f fdc@ésnth%g%m\’l‘g?ﬁﬁ]l@d tEeB8cd t?n‘t(ﬁ)%ﬂmtée ggﬁﬁ’ %Q;’%gé 2h alev wflﬁé ﬁ{gepatr of

or concurre P W th I ch t e pai r been ol ose
start s dieg agpdosed. 31. The nethod for manufacturing a glass blank for
magneti c di sk according to any one of clains 27 to 30, wherein in the
form ng process, press formng is perfointed SO that the tenperature

f f f .dies, t th
subSt 2P a1 & PREOLARE mRshER SRS aTR o P Lelr i S dideg rolishing
bl ank ?Hce%??%hﬁnﬁjg § 1RE SRLAIWAG & Hla@ﬁyur%gﬁliogfaﬁgé & f(g alor I@ssstilrmanufacmre a

wherein the tenperaturée of the pair of di ept r than a

gl ass tgtansubsicate for mhaghdig) didk, tthe ghmdst elanlgltesg dumbfagtvacd evithodheoofnethod for

time until the, glass bl ank is separated fromthe die after beginning

to contiiepfachgingjagzlass plankfpemagichs diskaccordmgra any PRhef deigisdd 40 BPank

for magnetic disk according to any one of clainms 27 to 32, wherein in

the formng process, press formng is perforned w thout attaching a

nol d rgliease AMRE@LH Fbr hndh@udhEa gladé subkhete st Hﬁgneftférdlﬂamhfe?&ﬁ Hrg'lefég s@bstrate

gl ass blank for magnetic disk according to any one of clai ms

33 whéoremagsaircf dele iy ouaghfietwsed Rang of glasadianf farheagmtic didk, (ﬂlnfeglaBS bIZank being
,tmor Iess 35. A nmethod fo nahufacturln glass bl.ank fo

magnet oBtfegiby tgﬁén%ﬁt “P&H%F%Wﬁg"i glasgela Co@glg accoring fhimgone of

a pIat%E&gaQeq)%gass bl ank by press-formng a falllng nolten glass in

a dlrec i'on orthogonal to the falling direction using a pair of dies,

wherein each of the pair of dies includes a passage for introducing a

gas to a space formed by closing of the pair of dies, and in the

form ng process, the gas is supplied to the space through the passage

of each die while the pair of dies are closed. 36. A nethod for

manuf acturing a gl ass substrate for nmagnetic disk, including a

pol i shing process for polishing a glass blank with a nachi ni ng

al l omance of 50 1.tmor less to manufacture a gl ass substrate for

magneti c di sk, the glass blank bei ng manufactured with the nethod for

manuf acturing a gl ass bl ank for magnetic di sk according to any one of

claims 27 to 35. 37. A nmethod for manufacturing a glass substrate

for magnetic disk, wherein a glass substrate for magnetic disk is

manuf actured using a glass blank for magnetic disk, the glass blank

bei ng obtai ned by the nethod for manufacturing a glass blank for

magneti c di sk according to any one of clains 27 to 35.
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