[DESCRIPTION] [Title of Invention] MANUFACTURING METHOD OF GLASS SUBSTRATE FOR
MAGNETIC DISK, MANUFACTURING METHOD OF GLASS BLANK, GLASS SUBSTRATE FOR
MAGNETIC DISK, AND GLASS BLANK [Technical Field] [0001] The present invention relates to a
manufacthg@m‘fl glass substrate for magnetic disk having a pair of principal surfaces, a
manufacturing method of glass blank, a glass substrate for magnetic disk, and a glass blank.
[Backgrollhdet] yeePn]  Recently, a hard disk device is incorporated in a personal computer, a

notebook,peraaRACCRIRMES. ang AP (BigitatVasatile DissY reavtding GRPAAUSNIERIdEs tadecord

data. Particularly, in_ the hard disk device used in an apparatus such as the notebook personal
computeMANLITAE BNy, MHmkic Gk ket a Rafiiic 15iehSbroildBe b AglacOR

substratg\ia GMET AN Etioretxdis@iniNmation 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 disk-shaped glass substrate is suitably used as a substrate for the magnetic
disk bec§itisetthiegl&$eldlbstrate is hardly plastically deformed compared with a metallic substrate,
and is exclﬁalgedlgin smoothness of the surfaces. [0003] The magnetic recording density is being
increased'in"order to correspond to a demand for an increase of a storage capacity in the hard disk
device. For exanipie, presagh étiverdtondieig iescionatmanreatisr fethiyd ahgtasasind strptedendiagaetic

magneti IN0LS ' | 1zafj (rectl | [ IS afi

o dhecioh L B g e i R Y e,
one disk fsuimBaaretie @akeendoagiagsob@nk the further increase of the storage capacity, a floating
distance of the magnetic head from the magnetic recording surface is extremely shortened to form the
fine magnetic recording information area. In the substrate of the magnetic disk, the magnetic layer is
formed flER Gl WMaCk t}nagnetization direction of the magnetic layer is oriented toward the direction
substantia[thogQIpendicular to the substrate surface. Therefore, the disk-shaped glass substrate for

magnetic disk is formed such that the degree of surface irregularity of the glass
Recently, a hard disk device is incorporated pesonal computer, a notebook personal

computer, and a DVD (Digital Versatile Disc) redogl apparatus in order to record data.
Particularly, in the hard disk device used in apaaptus such as the notebook personal computer
based on portability, a magnetic disk in which gyneic layer is provided on a glass substrate is
used, and magnetic recording information is recdrideor read from a magnetic layer using a
magnetic head (DFH (Dynamic Flying Height) headttis slightly floated on a surface of the
magnetic disk surface. A disk-shaped glass subsisasuitably used as a substrate for the
magnetic disk because the glass substrate is haldbtically deformed compared with a
metallic substrate, and is excellent in smoothoésise surfaces.

[0003]

The magnetic recording density is being increasearder to correspond to a demand
for an increase of a storage capacity in the hekladkevice. For example, a magnetic recording
information area is finely formed using a perpentic magnetic recording system in which a
magnetization direction of the magnetic layer iemted toward a direction perpendicular to the
substrate surface, which allows the storage capé&zibe increased in one disk substrate. In
order to correspond to the further increase ofdluegage capacity, a floating distance of the
magnetic head from the magnetic recording surfacexiremely shortened to form the fine
magnetic recording information area. In the swstof the magnetic disk, the magnetic layer
is formed flat such that the magnetization directd the magnetic layer is oriented toward the
direction substantially perpendicular to the sudistisurface. Therefore, the disk-shaped glass

substrate for magnetic disk is formed such thatdbgree of surface irregularity of the glass
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substrate is decreased as much as possible. The shortened floating distance of the magnetic head
may easily cause a head crush trouble or a thermal asperity trouble. Because these troubles are
generated by the micro irregularity or a particle on the magnetic disk surface, the disk-shaped glass

substrate;is,iraiedsysh thatdhe deges gfs%g%%ér_regularity at an end face in addition to that at the

principal surfaces is also decreased as much as possible in addition to the principal surface. [0004]

For example, a didleshRpeansgtbdoghng fistanae Rt praongifstheayieasiMcietesa dIgak @ush

manyfacwaa@ydheafqmm ragﬁmyatﬂia_ﬁ%gota@@&t@s@iénﬁ%%@@%és g\éﬂ@ﬁiﬁfé@n@/aﬂ@”ﬁﬁigm
that is a backing gob forming die; press forming.is performed to the glass gob to prepare a glass blank

using the TGREIAHEY HPPANE W MeaMBINEHGHIEKILIINRINSHIENARES Yatsty YFHAERiIR g R ed

performeslisholptainieegtasgrsebstratgiyenaeaeisridiskiésre B hbatpitoOaPhat atntHie principal
aforementioped meth d@;ter the ajllass ob made of the molten glass.is s[llﬂplieg onto the lower die,
i Sy

the followin aﬁ%ﬁé,sa?ﬁ iRt uASEO5P 6‘? %QF'H% gt aﬁ:ﬁper surface of a

body for Ija@p4lie are abutted on together; a thin sheet glass forming space is formed outside a sliding

surface betweenlghe u’[() er die aréd E(hehbodé/fohu e[die an a.ali%%rj‘ surfacetbewien the IPW?rdie
and the bodly for TS AEPIRs A SHARe ShEE AR ste ian2 Madies Ak Nalely dlaes
die is madvied kipsnmaenditetetyrafiel yhid @ riedlovanginge thiodr Eisgeg als hesd ) lak snoldek, gldrbshisssu ppledof
the glass f ic disk,is for ie disk |
bS8 HEHRCH ok BREToM I Il AL Ry MRERGIRCTHIALS gob to

for examplepgrndirgaisspeldokmisingsing lumirtigoue aBraiR eGiame. eouney adirgrprg: g et
grinding progessABH r%é@&%%gféﬁﬂé}%m% Y6 R LGS0 NE /MRS G RARSIEIYRS pRYINg

different particle sizes. A particle size of the loose abrasive grains used in the Second grinding process
is set smgﬂlé}‘/YP}an that of the loose abrasive grains used in the first grinding process. Therefore,
coarse gri[mjog]and fine grinding are performed in this order. Further, in the second grinding process,
grinding using fixed abrasive grains is performed usin% a resin pad to which diamond abrasive grains

are adhered. B &iRIFASEHH Metads afiesie EaTRgRee i RRliehelasssis suRrlicd

grains susift@srecenn gedtharidiphaig Keismnate fakpalkish ¢hoee Yaedandrseeandieolippes die
process in \ghich colloidal ?ilica nd a soft reﬁ)ggmatgerialé?%sher are used. The_é)article size of the .
13 i

h
abrasive PIiAT SR HURE PhIRAAELIvE RS AAAPOFIRE BHYGISNEPL AR ATING
second gspatiodpfocass oltiseigrandliting etetsel betpadicipptizelief dnel absastmdy Joriopseddie thed a

et Ch R R T A T e
second gvartimg pher psss shio firsh gp kst rib e nauesss oean ds tdosp domu ¢ sy g flen dbsspaes p doionmned
irr(‘)lghis Or%re@'f‘&éﬁ‘% %'ﬁé%;@ﬁ?%ﬁ%ﬁif%ﬁﬁﬁ %‘:&%5%6‘%%%‘{5 6P YRV RUSIRISHBIARSy.
ghness of the glass substrate is gradually enhanced.
Then, the glass substrate for magnetic disk isimddathrough a grinding process and a
polishing process, etc.
[0006]

In the grinding process, for example, grinding performed using alumina loose
abrasive grains. In the grinding process, a {ratding process and a second grinding process
are performed using the loose abrasive grains gadififerent particle sizes. A particle size of
the loose abrasive grains used in the second ggnaliocess is set smaller than that of the loose
abrasive grains used in the first grinding proceseherefore, coarse grinding and fine grinding
are performed in this order. Further, in the sdcgninding process, grinding using fixed
abrasive grains is performed using a resin padhiclwdiamond abrasive grains are adhered.

The polishing process includes a first polishimgcess in which the loose abrasive
grains such as a cerium oxide and a hard resinriagpelisher are used and a second polishing
process in which colloidal silica and a soft rasiaterial polisher are used. The particle size of

the abrasive grain used in the first polishing psscis smaller than that of the abrasive grain
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A metallic die is known to manufacture a glass blank for information recording media whose outer end
face and inner end face are chamfered. Protrusion which is wedge-shaped in section is provided at the
both sides of such metallic die. Further, a manufacturing method is known, using such metallic die, to

press forya gy Wmi@%gww&ﬁ%{%qﬂ&éés%%? fidegrindifrReuZoniRkdSAgn Whlednmaalitisive

glass falls down (see PTL 2 below). [Citation List] [Patent Litérature] [0008] [PTL 1] Japanese Patent
No. 370%@@[P$@@|ﬂ]H’fc%ﬁ%@%fé?ﬂﬂhlﬂ%@%ﬁ@ [@@mﬁm HﬁF\@éﬁh@rﬂWMﬁi&ﬂFﬂr%@np the
[0009]  firstoyua¥RIngSrsEERSE accuracy of the glass blank formed by the aforementioned
manufacturing method of glass blank for magnetic disk is not enough for the surface accuracy of the

principle surface§\oPREHRGY ARG 3P tHENTHYREERRGERTYIMTIERS P RERetiiG dUstmgding

informatiprode®®, the second grinding process, the firsislio process, and the second polishing
process are performed in this order, and the glabstrate is formed such that accuracy of
surface quality such as surface roughness of tesgubstrate is gradually enhanced.
[0007]

A metallic die is known to manufacture a glassklér information recording media
whose outer end face and inner end face are chathfelProtrusion which is wedge-shaped in
section is provided at the both sides of such ietdie. Further, a manufacturing method is
known, using such metallic die, to press form bidimg molten glass from the both sides in the
horizontal direction while the molten glass faltsah (see PTL 2 below).

[Citation List]
[Patent Literature]
[0008]
[PTL 1]
Japanese Patent No. 3709033
[PTL 2]
Japanese Patent No. 4380379

[Summary of Invention]
[Technical Problem]
[0009]

However, the surface accuracy of the glass blamknéd by the aforementioned
manufacturing method of glass blank for magnets& @8 not enough for the surface accuracy of
the principle surfaces for the high density of thagnetic recording and the fine magnetic
recording information area.

For example, in forming the sheet glass blankoédmelease agent is applied to the die
surface in order to prevent the glass material flesmg to the die surfaces of the upper die and
lower die. The surface roughness of the princguaface of the sheet glass blank is increased
because of the use of the mold release agent. eTibex large surface temperature difference
between the upper die and the lower die, and therdlie to which the glass gob (a lump of
molten glass) is supplied becomes higher temperatuBecause the surface temperature

difference causes temperature distribution in aktieéss direction of the formed sheet glass
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For example, in forming the sheet glass blank, a mold release agent is applied to the die surface in
order to prevent the glass material from fusing to the die surfaces of the upper die and lower die. The
surface roughness of the principal surface of the sheet glass blank is increased because of the use of

the moldyglapssRpelibo! RAIR &S AR PAIRCCHSIBRIRIHT SpiiHier eficeBeaRNie YRR diednddhe

lower die, and the lower die to which the glass gob (a lump of molten glass) is supplied becomes

higher teRbEMROR: OHBBHDEOHBES HHEEE BnsSePiaic RN RUEdIREs htnpier alife AStABLASA R3S

thicknesgjdingstigsroint e amRACSH St iRk st SAHRES IBIARRANAra9is iy BB @Bl e
of the plate-like glass blank, a shrinkage gquantity of the sheet % ass blank that is taken out from the die

and cool8dPAAE 1Ak BstRIGIKR HaShiOkSs dIRetRIANg: G S RIS LN ERNPHs PRLs
distributieprigeyplang/ejdbea Matr-tkapipesiifitd Sheseigiankhie sloeetalasedlank is easy to warp,
and cons«if#ﬁ ly good flatness of the formed sheet glass blank is not achieved. [0010] The
flatness o eet glass blank can be improved by the grinding (first grinding process). For example,
in the grinding prohesameacbining stewagtasgidenid gaanbity vednisyetsediim ditkpr(fiostrgriodintpe
flatness. I—#owevS r, V\{pern éQe m 8hilnirﬁ% allor\{vzanrcl:e isrinccrgase iinI rt]he aqlrlr\}\gamg é)r‘%crgs&r;], deae if:r)acsk
may be goeﬁg%:'t 4 in' the SUrfate of the 'Shae g'a SRR REIEIOr : i Ihe polis nguproc @ihatiSa
post-protessahednachoniley dibowapoesdlishifigtoessitity Heedseinovitadlyniactease allawatieeng to
eliminat . vV t inj ISy sedd lishj

orocess e g R R B lE S gloss

outer cirdljﬁﬂ’érenTihﬁE@igEepdﬁi@ﬁﬁ_sn@Hﬁ’(d@q inrmgisirtbi@alisqa*a@mﬁm _ih@dtr@l@l@i@iblgrﬁdlwm
a "rO”'Off{B&HEFﬁHﬁ' %5&%%&91% PRRIPNN LR NREAYSSHI G MelaRRAERABd i RU I eh CiguEyeLRtiAl

edge portion is rounded in'the sheet glass blank, a distance between the magnetic layer and the
magnetid YERVRY (N R8I HHD HRREBH b i QUBsICarsUIRFER AR HE SRR S B BhasESsIHTR ¥ RiFHethd P8R
floating digiafiefeofiiam e annelifehRathinanoter ferifuoh Higralsafosbfir e Whes thRdmgeriitidisk

is prepared using the sheet glass blank as the glass substrate. The surface irre%ularity is generated

because $HEH ARSI P URERY JidPirdintRAl ntilifRegBTh SHirRff AR PIBDK dedSHse aagll-Off

result, thereasierdingrane @asingoPRerationaaf it ereaanetitbfasbaiedtpipipesalydresianeriaringl
magnetic Iéla/er in the neigqhborh od of the outer circumf%i%ntial e%%\e‘ ortion. This is the "roll-off

edde RALRRHE AR Jailvae! g Rre SUamSRE RY PI6CRegnelimianeanshie

problem'
for the poliabimngtiproeadsiisttengtighiedrhubiclvishmtavetatile fontipbetical pseidAlikdomesVidhgdvethan

f ioned f ' hod of glass blank for inf ' di dia, b h
Protrusion e (B IS th CIge D aP ot Ui eIRHNGPR. P O eSTorHiey 8 AL o
uniform amagnettiice djssblprapatesh giasg hetesiadét WosskddaitththalastakicktivahusThetrassaoke
the forme : f . ' t
fatness, DALIED L Sedl e e s st FER s dee b e o R A W
for grindithg isowidneshapthe hsss besulk, ghessasiarkngrandiad sperations ahitie niagnetist kfadghes
5“bs”at%%ré?é%'i%éjys‘?sﬁfzFﬁﬁﬂﬁQW%’TﬂﬁQi Al pRdRdYiBR nbe ot o R AR BRSSOl bR QUARS!

blank after being ormed cannot be decreased to be that of the glass substrate for information
recordin§HESIRLWMRen JriisdFdhairglbflseckiend’ metallic die whose press forming surface has the

protrusion, the PRRIFEHGRENAAAFFRATECADNRRELIS iR s Wﬂ'ﬁqﬂeﬁgﬁbeéﬂ@?g igiek fausesh
u

cooling during the press forming, thereby damaging the glass blank. Further, due to the difference o
cooling HERBBPRISHRADEISRSS IREIBEEGSar i IR YRS dRN PGBl &emperature

difference[gpinguced to the glass blank. The glass blank may be damaged due to thermal strain
caused by that temperature difference. When press forming the glass blank, using falling malten
Giase it the ISR 8 EE B MAR R PR <IOR oo RS ot Botm AT,
lump of maltaiggpshetiay meidaesehercProtdsionois tpnvistie ditihe sitdteroglass. etdkgudiatly,
a disk-shaped glass blank may, not.be formed. Further, under high,temperature of the mojten glass. .
ol 0l AR R e DR B P HTD STE 6t L PR A TS A e g1
surface rsugtassss ofipitiog al atatfecde of theugafatbiesthhdéoonest ddaigs . subskateelsedbettalvomese at
i press TRy SR e MEIALLC CIf WISLE o RISt iR BLoYRE B S aBRTASIRSS e
blank whose principal surfaces have sufficient surface accuracy cannct be efficiently manufactured.
[0012] press formed glass blank. Here, because machaliogance for grinding is required for the
glass blank, glass blank is formed so as to b&ehithan that of a glass substrate for information

recording media finally manufactured. Therefolee thickness of the glass blank after being
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In view of the above, an object of the present invention is to provide a glass substrate for magnetic
disk and a glass blank in which the degree of surface irregularity of the principal surface is suppressed
and a method for efficiently manufacturing the glass substrate for magnetic disk and the glass blank.

[Solutionn.BroRiad 0% ot hATHBRIRALERER} PtR A SRRREVGRIPRIS R MARIREHERY Sstaathof

glass substrate for magnetic disk including a pair of principal surfaces. This method includes

forming aElies bINHRESY PrESSHATBIREEEY forhinh faenBREAIMEOSE JRsSCPHNES WHHAtERRDIS
forming sERGeRAT teSIrbEUSibA Wa hatsheeaplispurpsicttesrrfiragd glase igiasnbrirrachiiosy

the both sides, and polishing the glass blank, wherein temperature condition is equalized around the
pair of prcRPEIPrLEINgs %@ BIESS JRIRINGriHYEIEE Y HaTaghe taleRS RIRR ste - YO 4] dueAprihe
time, in tagrtgenitg stepdpmgpeEaiEen ahéhprotrss daravadiay saerrwiitfheoptasktiermingipléface,

surfaces of the glass blank during the, pressing are preferably equalized, or temperatures of the dies

osttiond GBI U Ot ORI L 6 SERORIAT Do A QARKo) Bk 2 B

preferabiyheqmnalizadjriroausedasp echtoeeqparatiner oifflydralanced condition of the glass blank.

Further, when p;ﬁ;ﬁin ass or softene ith S, cantacts
g

moltep ql lass wi .di the dies to the.molten
e oy oot R R h e D S iR a1 e T e

molten grassatiicsdfeewirbigidbs ipnotediatelishwiorilde: asgkgihg Vitvoh as aspeyt tf ewpltdizglass, may

batanced CoBaiah o ok ey FigF e PR B R kA i SRRt

polishingosael, mayaoetilpeglaersdof theitaar otipdetipigh ieatnes diftieegmotienaglaas, foralddelease
agent is required on the press forming surfacehef metallic die, and consequently surface
roughness of principal surfaces of the glass bladomes large.

As described above, with press forming by usenefretallic die where the protrusion
is provided, a disk-shaped glass blank whose gatc@urfaces have sufficient surface accuracy
cannot be efficiently manufactured.

[0012]

In view of the above, an object of the presentmion is to provide a glass substrate
for magnetic disk and a glass blank in which thgrele of surface irregularity of the principal
surface is suppressed and a method for efficiendgufacturing the glass substrate for magnetic
disk and the glass blank.

[Solution to Problem]
[0013]

An embodiment of the present invention is a martufing method of glass substrate
for magnetic disk including a pair of principal fages.

This method includes forming a glass blank by qrening press forming to molten
glass or softened glass with planar press formimtases of dies in such a way that the molten
glass or the softened glass is sandwiched frombttk sides, and polishing the glass blank,
wherein temperature condition is equalized arourel fair of principal surfaces of the glass
blank during the pressing in the forming step.

[0014]

At this time, in the forming step, temperaturestloé press forming surfaces which

contact the principle surfaces of the glass blamkng the pressing are preferably equalized, or

temperatures of the dies positioned at the botkssof the molten glass or softened glass
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[0016] In this case, for example, target thickness of the glass substrate for magnetic is defined,
and thickness of the glass blank formed in the forming step is substantially identical to the target
thickness. [0017] Alternatively, it is also preferable that target thickness of the glass substrate for

magnet i SAAR, B ABSSBL NG 0SS I ABPRER B fPAFING SIS olAuae I ORLHRaly

target thickness, and that the method further includes a Step of grinding, before the polishing step o
the glasPBIaRKEGhEYIEELon Mk eRasPHat thickness of the glass blank formed in the forming is

substantially idergigahia, & PrESYRIYARSEAMIEES orAHERERIRAadIREHiOf e MERSS B RveRIes

is a glass substrate for magnetic disk manufactured by the above method. Flatness of the principal

surface i&4HfBP(EER SePiRe priteiisd dRftRRiRrHNETHIGNSANPY: i1e iesPrsligned at the
r?ughnegﬁ)twei&fﬂs of m@qﬂi@dlt@lr(malémd ﬁtéh@a?@ammw | f‘mﬂér@ rﬁh@f}bﬁ@@%ﬂﬁ@qm@tmﬁfpect
glass substrate for magnetic disk incluyding a pair rincipal surfaces, This manufacturing metho
etutics CaBN A0 EOA RIS LU BETR A B RRoL AU IaR O R AF A A g to
blank by rersizzint evitiafypiadl arf chelscivedisbin @i uhepdraamkirections orthogonal to a falling direction,
wherein ﬂ;@dli%f is pressed in the forming of the glass blank from the start of the pressing with the

dies until temperature of the lump drops to a strain point in such a way that temperatures of portions of
press forming suifaeeglatsha atkhsidkesartibly gidtshes aquakzsolithstpprturtccentaehudpatity lodripe

thereby ?gﬁlég[é@%@ gbwgﬁ%ggfn@éﬁ%%%gmg ess provided for the glass substrate for

magneti e step of forming the glass blank, temperature difference
between tH¥pfdss forming surfaces at the both sides is preferably 5 degree Celsius or less. The

((:Eif)ﬁc[iggé ff thejmaligxpansies, Auhm SI8stRYLSRR IRs oS dislstang s TRTLARHE 007
' an(J thickness of the glass blank formed in the fiognstep is substantially identical to the target
thickness.

[0017]

Alternatively, it is also preferable that targétickness of the glass substrate for
magnetic is defined, and thickness of the glassikdlarmed in the forming step is larger than the
target thickness, and that the method further aesdua step of grinding, before the polishing step
of the glass blank, the glass blank such a way ttliekness of the glass blank formed in the
forming is substantially identical to the targatkmess.

[0018]

Another embodiment of the present invention islasg substrate for magnetic disk
manufactured by the above method. Flatness optiimeipal surface is 4m or less, and the
principal surface has surface irregularity of On2 or less in roughness.

[0019]

Another embodiment of the present invention is anufiacturing method of glass
substrate for magnetic disk including a pair ohpipal surfaces. This manufacturing method
includes causing a lump of molten glass or softaglasss to fall, and forming a disk-shaped glass
blank by pressing with a pair of dies the fallingnip from directions orthogonal to a falling
direction, wherein the lump is pressed in the foignof the glass blank from the start of the
pressing with the dies until temperature of the putnops to a strain point in such a way that
temperatures of portions of press forming surfatdble both sides of the dies are equalized, the
portions contacting the lump, thereby making flamef the glass blank into target flatness
provided for the glass substrate for magnetic disk.

[0020]



Another embodiment of the present invention is a manufacturing method of glass substrate for
magnetic disk including a pair of principal surfaces. This method includes: causing a lump of molten
glass or softened glass to fall; forming a disk-shaped glass blank by pressing with a pair of dies the

falling lump from glirgligps LRk &%‘n’iﬂﬁwgi’tﬁ%ﬂ Prs3RS) AERRINITR [ferBREaSHGRERRS RS

pair of principal surfaces at the both sides of the gfass blank, wherein the glass blank is pressed in the
forming 8RS {PABEMIHK RERFtAE IBRRVNAIEIPPdsSHRiiRE eaEegi <Al ritiFtenIBERature of the pressed

glass blank drops ff a- 8B ORINGANISIGAA dhableBPeralyRESSPAEGas AlayREEICHBINGanges
surfaces at the both sideséoé the dies are equalized, the portions contacting the glass blank, thereby

making fAATRSOdPHAYGHLLK Nk into target flatness provided for the glass substrate for magnetic
disk, and foonirg the glass blank whose section thickness is decreased from the outer circumference

side to the centra] side. [002 At this_time, the manufacturing method preferably further includes a
Stop of polishing NG el (it T DS R HUE OGS S AR a Mpaa g g oS
wherein gubktess dothenglgisstisulisiatin olotimg cawphithefppifisirguriangss framiSveth &b %h olidhes:
maximum thickness of the glass blank. [0023 An, embpdiment of the present invention i
amch A WA Br o R ETS es he ot e ARG L i X AESeERLIE BB B by
method inchsdewthdtiste pmofafadisin ghe atip @ fungtéeligectoos suttergahglassa datihgasideicioningrad
glass bl Si I ' r.r ral I Iesi :

i is < ISR 168 AREVEAARE BERIE SRS OHESE SETE DGR Sde Ffhe Hlass
forming wm@wwe&omwmﬂam i@intﬁﬁaﬁﬁuﬂa&wmmﬁghﬁegtﬂ%%@@téfftﬁmgﬂh@ﬁﬂah@fd@
equalizedr d9fd) witr AR ERBSURMALATERRIRS SR iRBRU NS Aulase HapL Jainass oA RRNGRA
surface of the glass blank is 4 pm or less. [Advantageous Effects of Invention] [0025] With the

aforeme@ivRYdtAREtHRINRR IAAReSaelUPPIGI NGl IsPsaBstasaIBr atagnatitgidroah isletass Hariies are
becomespossiie teficiamhcreantdaghy eHEBIas D RHBEIRS TakimpaaRTissdigk @@#@95\%@'@%
in Wh!Ch the degree of surface |rrefgular|ty of the principal surface is suppressed. [Brief Description of
Drawmgé?rget atness provided for the glass substratenfagnetic disk, and forming the glass blank
whose section thickness is decreased from the outermference side to the central side.
[0022]

At this time, the manufacturing method preferatther includes a step of polishing
using a polishing pad the glass blank after thp stegrinding the glass blank, wherein thickness
of the glass substrate obtained with the polishiBmges from 80% to 96% of the maximum
thickness of the glass blank.

[0023]

An embodiment of the present invention is a mactufing method of glass blank for
magnetic disk including a pair of principal surface This method includes the steps of causing
a lump of molten glass or softened glass to faltl Borming a glass blank by pressing the lump
with planar press forming surfaces of dies in saaliay that the lump is sandwiched from the
both sides during the fall of the lump, wherein pematures of the press forming surfaces that
contact the pair of principal surfaces during thesping of the glass blank are equalized.

[0024]
An embodiment of the present invention is a glaksk, flathess of the principal

surface of the glass blank iguh or less.

[Advantageous Effects of Invention]
[0025]

With the aforementioned method of manufacturinglass substrate for magnetic disk
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[0026] FIG. IA to FIG. 1C are views illustrating a magnetic disk prepared using a glass substrate
for magnetic disk according to an embodiment of the invention. FIG. 2A to FIG. 2D are views
illustrating surface irregularity in a glass blank or a glass substrate. FIG. 3A and FIG. 3B are views

lllustratingg, f@gﬁ@mﬁ@g&m 351894 Rlc B SHRYBRHALR JAURRAPREY R ASK SRS ARy netic

embodiment of the invention. FIG. 4 is a plan view of an apparatus used in press forming in FIG. 3A.
FIG. SA fiski@gnedhargiesyslanktiatngiah Beudpases Glagiidyeasiaing Bgﬂtﬁrﬁé'ﬂ%%hiélﬁﬁ%dﬁjs
of FIG. 4SLIJZE r2Adg. FIG. 6C are views illustrating another example of the press forming in FIG. 3A.
FIG. 7A to FIG. 7D are views illustrating still another example of the press forming in FIG. 3A. FIG.
8A to FIG. 8C are views illustrating still another example of the press forming in FIG. 3A. FIG. 9A is

an overajByienD¥sunippaEtosalerg s perform grinding using a fixed abrasive grain in FIG. 3A, and
FIG. 9B is @O\éﬁv illustrating a carrier used in the apparatus of FIG. 9A. FIG. 10 is a view

iIIustrating[ e in which a glass blank is ground with the apparatus of FIG. 9A.
FIG. 1A to FIG. 1C are views illustrating a madoetiisk prepared using a glass

substrate for magnetic disk according to an embedtrof the invention.

FIG. 2A to FIG. 2D are views illustrating surfacegularity in a glass blank or a glass
substrate.

FIG. 3A and FIG. 3B are views illustrating a fla a manufacturing method of glass
substrate for magnetic disk according to an embedirof the invention.

FIG. 4 is a plan view of an apparatus used ingf@sning in FIG. 3A.

FIG. 5A to FIG. 5C are views illustrating an exdenpf the press forming performed by
the apparatus of FIG. 4.

FIG. 6A to FIG. 6C are views illustrating anotleample of the press forming in FIG.
3A.

FIG. 7A to FIG. 7D are views illustrating still aimer example of the press forming in
FIG. 3A.

FIG. 8A to FIG. 8C are views illustrating still @mer example of the press forming in
FIG. 3A.

FIG. 9A is an overall view of an apparatus usedeoform grinding using a fixed
abrasive grain in FIG. 3A, and FIG. 9B is a vielustrating a carrier used in the apparatus of
FIG. 9A.

FIG. 10 is a view illustrating a state in whiclglass blank is ground with the apparatus
of FIG. 9A.

FIG. 11A to FIG. 11D are views illustrating an exale of a surface profile of the glass
blank or glass substrate, which is obtained bydynig or polishing.

FIG. 12A to FIG. 12C are views illustrating a niteti example of press forming

according to the present embodiment.

[Description of Embodiments]
[0027]
A manufacturing method of glass substrate for retigrdisk and a glass blank, and a

glass substrate for magnetic disk and a glass dankrding to an embodiment of the present
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FIG. 11A to FIG. 11D are views illustrating an example of a surface profile of the glass blank or glass
substrate, which is obtained by grinding or polishing. FIG. 12A to FIG. 12C are views illustrating a
modified example of press forming according to the present embodiment. [Description of

Embodimentshi0al be fRapelatuingimsiipg of glass substrate for magnetic disk and a glass

blank, and a glass substrate for magnetic disk and a glass blank according to an embodiment of the
present inventioNQif Bibidadhibeane @ieali oichsheeintas SHEE Ay seeR)ipaaoh fargHBa ] BISSS

material gBERAIRAPY iBrase fRPTENGRIRSEIESS. Wereihisrips M ah1Baligsny ash Ahesainaies SR or

named gob) is named glass blank or glass blank for magnetic disk. A 8 ass blank having performed

with at 1e3&SSnBIFEESBRENRIME'akd poIigiARg, RRNKsNIRIEPHRES WHAALLER RIS BIIBeE3ReO!

manufactiieditiy eueh sbrsmiagyfeeiuringapreer giessancesting t4be puesenteniedimentrisdngmegh
glass substrgte for magnetic disk. FIG. IA to FIG. I%C are view&qﬁlustratingma&ggtic di ktth?t i
prepared USiHR YALU L R QRE RS A5 A Koo R PL RGO DI 3 rate for

(MagnetimBigletiodiSitass substrate for magnetic disk) In a magnetic disk 1 of FIG. IA used for a

hard disk device lgyers,3 3B.ncluding at.]Jeast magnetic layers, (perpendicular magnetic
recording layers) 40 OB o cenis Lo ESy Al e SRR R, R i gross
illustrategubs$iraielfBr Magnspedfsiaby tiadtmoogbdimeititefrtiveniiorlG. 1, each of the layers 3A and 3B
includes ata sive layer, a soft magnetic layer, a non-magnetic underlying layer, a perpendicular
magnetic recording layer, a protective layer, and a lubricant layer. For example, a Cr alloy is applied

for the gdwwv@ﬁa\@bbaadrﬁlaaﬁéyh@twag%fcgmatkbﬁiaing layer to the glass substrate for
magnetic disk 2. {501 Gxameie. 8iS0THFFEOYIIR BRRASH Y HARRAIEMAINGLE 1Y £hE 3BUEIuding

non-magnetic layer is applied for the non-magnetic underlying layer, and a granular magnetic layeris

applied foF tleaplerpagaRlital B e HReBAIR 1A FBAINGIIEXEMA | dayarsateHa (omRading dipeipal

hydride ig apaties for Berpgiefiye laypstae adluonagiamn HsaRPindipie PNt \ayer. More
specifically, although not illustrated in FIG. Bah of the layers 3A and 3B includes an adhesive
layer, a soft magnetic layer, a non-magnetic undegl layer, a perpendicular magnetic
recording layer, a protective layer, and a lubridager. For example, a Cr alloy is applied for
the adhesive layer, and the adhesive layer acts lasnding layer to the glass substrate for
magnetic disk 2. For example, a CoTaZr alloy igli@pl for the soft magnetic layer, a granular
non-magnetic layer is applied for the non-magnetiderlying layer, and a granular magnetic
layer is applied for the perpendicular magneticording layer. For example, a material
containing carbon hydride is applied for the proteclayer, and a fluorine resin is applied for
the lubricant layer.

[0029]

The magnetic disk 1 will be described with a mgpecific example. A CrTi adhesive
layer, a CoTaZr/Ru/CoTaZr soft magnetic layer, &£€3)0, granular non-magnetic underlying
layer, a CoCrPt-Si@TiO, granular magnetic layer, and a carbon hydrideegtote layer are
sequentially deposited in both the principal swfaof the glass substrate for magnetic disk 2
with an in-line type sputtering apparatus. A pesfbpolyether lubricant layer is deposited on
the deposited uppermost layer by a dipping method.

[0030]

As illustrated in FIG. 1C, magnetic heads 4A aBdot a hard disk device float from
surfaces of the magnetic disk 1 by 5 nm in the g¢@rdof high-speed rotation, for example,
7200 rpm, of the magnetic disk 1. That is, a distaH in FIG. 1C is 5 nm. At this point, the

magnetic heads 4A and 4B record and read piecesfaination in and from the magnetic

9



[0029] The magnetic disk 1 will be described with a more specific example. A CrTi adhesive layer,
a CoTa7r/Ru/CoTa7r soft magnetic layer, a CoCrSi02 granular non-magnetic underlying layer, a
CoCrPt-Si02-TiO2 granular magnetic layer, and a carbon hydride protective layer are sequentially

depositeghip, ROth BiGPHIGIRA! RAIRIEDPIHE FlaghebHiEead ahmagchashstanoMtean BuliBpiuR

sputtering apparatus. A perfluoropolyether lubricant layer is deposited on the deposited uppermost

layer by ECGRSiRg Ardhtrrddasand Trowm e raraneRlic By ehefmagnetichdists Lviheul slisinch e

disk deviggfipatifr BRIy TanesRf H@Hﬂﬁ@ﬁﬁ@%ﬁi&ﬁﬁétml%ﬂib tF@aﬁQ t@'ﬁﬁ’é |Nﬁ@$@ﬁ@‘#é(%@@
for examplea7200 rpm, of the magnetic disk 1. That is, a |star£%/e Hin FIG. 1C is 5 nm. At this poﬂt@,

the magrﬁ'éfﬁ}frﬂéaag ﬁﬁﬁr@gé"%gﬁéﬁd ?éé'b%%%@@%ﬁ%%ﬁ%anon in and from the magnetic layers.
Due to the floating @émenmneﬁwhml@%@edb@a@fwmmmen berelprenagnetiedisnd ieashin
and from the magneti er of the magnetic disk 1 withgut sliding the m etlc eads 4A and 4B onto
tho mag BT Eh THEFEHACESR GATHE o a5h e FEHATEE SRR A Ch A AR AH e B 0T
mag netltmagaeimg\eadsM@eatrdlmanmeﬂlee@eqseratetﬂmtmdlstaage&m@dtshﬂ] i thaimagreetic
disk 1 to an outer, circumferential edge rtion 5 are rec se roces Wit urf ce aceuracy,
and the magnetléa‘ﬁead% eR elzlanga EFEE carjl‘g Cgrr‘&‘:'{’ {/e(l)%er}gted W :E nc%lﬁeglg nmﬁ:s mgfr'cnltg“%ed
As descrifiatkatenjchashaniagise Htithg tglassfaubstregnfagtgeﬂttdsld|2k4slmyémhgiadsﬂm1aughvgnlnd|rsga

basis of the,class > 5’%%‘?&%&% ANRAGIHE'S SR LB RASIOHED AHACRR UGG R (ERA SAH%
ﬁj b: rﬁaoﬁh#@st po% econgl f?’(ng wit

grain having a sma machlnlng owance INng'an polishi

small mammiﬁ@ anbakinge Withe e stivall, n’taghﬂm@faﬂmmmgﬁthmwgﬂvﬁr@t lpomm@a@ﬂ@reéc@nw
po"Sh'”gtNYtS*ﬂuﬁhsmé BE?}QWH 9P WaBGR d%ﬁEFﬁ’Hg PEBJHH’ RR9ERRRNGCERAAIALBE, Tdt through

conventional "Toll-off problem'’ |s resolved. or example, the Jorlnmpal surface of the glass
substratdfBIHREgRETE afsk M§QMBQMéh¢ae¢{@ter@IeRallm RESHRRE i@ 4R%RINGSh which flatness is 4

jim or Iess[@@@ll urface roughness is 0.2 nm or less. The flatness of 4 pm or less is target flatness
required for the % ss substrate for magnetic disk 2 as a final Product For example, flatness can be
a

measured with afRIS&MBGIERYD6IRM SUIREE &f i UIBEREB far FrRensiigHiskLHIReE RiibRal

surface igexypreRsesRY1 AR el 8 Gifﬁélﬁ.ﬂéﬂghiﬂﬁﬁm igArfeiNRdn W5 1BOSGh@ QdH M psLehess
roughness ranggﬁ from 0.006 'imdgl 200 jim, for example, the roéﬁ%mess IS meas ed with a

roughness thed¥lrMg'$ischinde(e rﬂﬂﬁh%[cll%ﬁ‘@d f\gﬁﬂtf eSS HRHGS d%%ﬁﬁé@s
can be cmmme&cﬁthmdsiafm lpyoblScBO688r2@,%mBﬂlaesthe:a®ugmaeawfeﬂa/\jim erﬂlasﬁeﬁsr

example, the ro sism ed W|th pr ic tomic farce mi iCros
anuaclarie oy GO RARBABER T M TP G P iss SR S L AT BHC B L ee s
computedXpressaethby darfitheckby JEydrag83120Qhness IRthidsfieiltati@)add: 2806ace ndlghmetse of
the glass i n i r .
Mltutoyo l@g}ﬁ %ﬁgﬁﬁé%tﬁg sﬁﬂr %Hdﬁghgaeas K'0t tﬁ ass%q%%%gg?ﬁﬁgnﬂaégr?eq %%Lé%?rt%é with a
post-polisPig AT @RS UG tmaebmw@/padﬂ@ nmngé@tpte r@cﬂdﬂmmémlibme@@ee) aeo3te
roughness can be computed by a method definedB0633:2001. When the roughness is

0.03 um or less, for example, the roughness is measurdd avscanning probe microscope
(atomic force microscope) manufactured by Sl N&echnology Inc, and the roughness of the
principal surfaces can be computed by a methodeefoy JIS R1683:2007.

In this specification, the surface roughness & ¢fass blank is measured with the
roughness measuring machine SV-3100 manufacturdditoyoyo Corporation, and the surface
roughness of the glass substrate for magnetic afigke post-polishing is measured with the
scanning probe microscope (atomic force microscope)

[0032]

FIG. 2A to FIG. 2D are views illustrating the sacé irregularity. The surface
irregularity can be classified into four irregutaas according to a wavelength of the irregularity.

Specifically, the surface irregularity is classdi into flathess having the longest
wavelength (wavelength of about Qué to about 130 mm), waviness (wavelength of abat O
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FIG. 2A to FIG. 2D are views illustrating the surface irregularity. The surface irregularity can be
classified into four irregularities according to a wavelength of the irregularity. Specifically, the
surface irregularity is classified into flatness having the longest wavelength (wavelength of about 0.6

jim to abput 130 gyg): WAVIRRHS Wﬁvslwmﬁa@é@%ﬂ\%rﬁmt%@%t %d“ﬂ‘)n{mg,roéwa‘v%ness
(waveler;{g\t,h of 0.1 pm to 1 mm), and roughness (wavelength of 10 nm or less). The roughness can be
expressdWByalenabuobdtitimetiéeaserage roughness Ra as an index. [0033]  The glass blank,

which is a basis qihige dllgpn 50 LEH XSS @?kﬂﬁﬁﬁbbﬁ@%ﬁl&%‘ﬁe@q@eﬂ)%mim Hedn

goes through second grinding process, first polishing process, and second polishing process, or
alternatiVBRE%oes through first polishing process and second polishing process. Consequently, the
glass blanjpbsgpmes a glass substrate for magnetic disk of a target thickness having the surface

irregularity, in whjch the flatness is 4 or less and the surface roughpess is 0.2.nm.oy less for .
example. (0034] |1 RIERRAANK HUTGRIS BoRACH e HIZ O SHEP O ReIB R e d Tt RSP
the abovpressésivad chagaliessvitiadel ateg uasty tindubicidegemding YWoesss giass pishisdoproedss,
the press forming thicker. than the target thickness of a glass substrate for.magnetic disk, for example,
when RS AR RS, P IR RRRATEY s AR B SRy 6
process afisHimgnpaéss.theCorsadfoentiyg théhgles blardeine ) @ighpsiaulastiateptdishiagpetcedisk

In this c o] IS I Jrface irregularity:
principa?iﬁ?’fi%?eg%ﬁﬁﬁ@ﬁae% %?d%ﬁﬁﬁggs%ﬁeg gr%@f u s%aﬁténfy‘%nk%yﬁ%% céj gﬁ% S%Fe%%%g#ﬁﬁ}ég
flatness SLFRCAIIALIPANSEFRE & B desssOr Sxd@the!@rincipal surface has roughness of 0.01 pm to

10 pm. [06@@] reason the surface flatness of the glass blank is set to the target flatness of the
principal surfacé necessary as the glass substrate for magnetic disk is, that it is intended to maintain

the flatness of thE§lee8 i I¥s it dsminskiddiRledialy fftandihesgniairdisk dogiHeRk pabithg

the convgptgaal diss SN dingge asessrat adiksiing ilgtanermd thickness, and that it is intended to
properly perform the recording and reading operations of the maﬁnetic heads 4A and 4B, The glass

d ! .
blank, which is a\YA&8 8RS g IRk IBIPIRERD NGRS &K & Prpdhedaipaidipkners dised
press forgg QitpapiRr Thegulags Blarkibpeinshipreiiamersseitlaii kr pespaeanghike fiefmeebwith

the conv%gtéomrﬁl t%rigﬁtsarf?rr\rgrilngie target thickness, grinding psscas performed after the press forming
with fixed abrasive grains prior to first polishimgocess. In this case, the glass blank is
preferably formed so as to have the following stefaregularity: the principal surface fulfills
the target flatness as the glass substrate for etiagdisk, specifically the flatness of the
principal surface is fim or less; and the principal surface has roughoe891um to 10um.

The reason the surface flatness of the glass bkset to the target flatness of the
principal surface necessary as the glass subdtatmagnetic disk is, that it is intended to
maintain the flatness of the glass substrate fogmatc disk 2 used for the magnetic disk 1
without performing the conventional first grindipgocess of adjusting flathess and thickness,
and that it is intended to properly perform theording and reading operations of the magnetic
heads 4A and 4B. The glass blank, which is a liddise glass substrate for magnetic disk, can
be prepared by the later-described press formimgekample. The glass blank having the
flatness of 4um or less cannot be formed with the conventionesgiforming.

Further, the formed glass blank preferably hasgtical property in which haze rate is
20% or more. Making the haze rate of the glasskoP®0% or more allows grinding efficiently
performed through the grinding process using fiedulasive grains. Note that haze rate is
defined by JIS K7105 and JIS K7136.

[0035]

The reason the surface roughness of the glask ldaet to 0.0um or more is that it is
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Further, the formed glass blank preferably has an optical property in which haze rate is 20% or more.
Making the haze rate of the glass blank 20% or more allows grinding efficiently performed through the
grinding process using fixed abrasive grains. Note that haze rate is defined by JIS K7105 and JIS

K7136. [{KhanbiERaseamerHIf SEfaa eraants 2o srtasabiaak S GRS tlePgiarsBRIAKS thtdt

is intended to efficiently perform grinding using the fixed abrasive grain to the glass blank. The reason

the surfatR2Ray HiR S IHRGR RESSs PhaheriahiealetRBOMAS 0vaE 4 id YAk RidesRheidhab it is
SuppfeSSﬁ%Hé‘deﬁﬁ%@éﬁﬁés@ﬁtﬁ@rlHIQ@AEHV@'F%@fﬁ%ﬁﬂiﬁb@ﬁ%@f&*rfﬂédﬁélilﬁmfp/%é?ﬁ)ﬂﬂéﬁbfo
Surta

proceeding crack caused by the grinding. The surface roughness of the princuf')al ce of theé)glass

blank is $E18Yf0 ﬁﬂﬁ SlerRY mEﬁ%ﬁiB\Q/sC{%‘ém%GéhW@@ﬁa rE'a%ir%H %%@&%’%@%’iﬁo dte
;or mggon@_tiﬁcdﬁﬁf (%mha_@@@g rely @%@gt@%rﬁ{eiiéébltqﬁm sHIERRE mhrﬁﬁ%/@ the g@s&d@aﬁbml 8
rom 0. mto 1, Jm In oraer to etmicl nt errorm sna processing inciuaing scripin to the glas
e NG e e A e e S B e e e SRR A B LBl e
surface gfutfacglagsuglanésto obthie gldisk-blranedagigss sudstiate twviied ihe diaoneéer tof Hfticibasly
blank is larger than that of the target glass substrate for magnetic disk,.or.when. a circular hole is. .
ot T e T SRR R el R S BB
line formaatlonitig: scrifziog af thepgiasssubstfateroan bemgidiriyg apeatiecsgifaleewdththed iglassn b hahle ¢b

the glase B S e U O Ll TR ALy SR T B TR B
can be atielargely Glapsstinpstatsufficeagnrfiitesists ek eingde hotedpiessfgmintayouseéne
Taking ”&ﬁﬂ@@gcﬁllﬂ’ﬂ‘%@%eo@%H@Q%FQESQHF&WK‘QVHEEHQFJ%@H SIYROEAES ANEURRMPARNIPIUE on

account, the thickneSs of the glass blank may be 100 pm to 20 %}m thicker than the Target thickness of

the glassReiISstrReerof hggalass GiRsTAR FRNPEEMUIRHRItRE yrium §iasmandxabed eidiirs esfs
is not peffptAreddading 9lapadackandrifiedtatiehing ity BREPEMSH IS Glessiipekidhfed in the

thickness of the glass blank may be preferably 101.tm to 50 jim thicker than the target thickness of the

glass sulSkasRS ihsHAG iR aledish SR RRIEPRERE Dreferably, the flatness of the principle

surface of the glagsebnfaisespesticiakityt G Igsssvbidgkhesiapaiblank basasijiianeyiriee Wartyde
which rou[(];hr:ess of ti]ge princiﬁlg.s%face is 0.2 or less. . In this specification, "thickness of the glass
blank is $8H9 ﬁffl)(? i&léﬂtfpﬁ ' "?dfb Gritkme s B ik glass substrate for magnetic disk" means

that the thjoRBé$s of the glass blank is thicker than the target thickness of the glass substrate for

e A e LR EE P AR SR B e

glass blapdlisHzgéntthacdbangrges thickness aff ttres gidaissdu hstnateefA0Mag tee RO djsk” thiekers et the

g‘iCk”eS?h%f e Rash Bl IS i?hﬁr.ﬂﬂg&t@%@&? e”?&hﬁléiﬁ% aidke dRgsypsy %«%854’&8%%?%@%‘(

y machining alfowance during the grinding using fixed abrasive grains and the polishing process, that

is, 100 poTifdrapysinthitked anashegrastiscRabpeidethie dhesglagsdtank fandndgnpatistisig is only
performed to the glass blank, the thickness ofgthes blank may be preferably fith to 50um
thicker than the target thickness of the glasstsatesfor magnetic disk. Here, in the latter case,
preferably, the flatness of the principle surfatehe glass blank is specifically 4dm or less,
while the glass blank has surface irregularity imal roughness of the principle surface is 0.2
pum or less.

In this specification, “thickness of the glassniilas substantially identical to the target
thickness of the glass substrate for magnetic dis&&ns that the thickness of the glass blank is
thicker than the target thickness of the glasstsatesfor magnetic disk by machining allowance
during the polishing process, that is, @ to 50um thicker than the target thickness of the
glass substrate for magnetic disk. In this speation, “thickness of the glass blank is larger
than the target thickness of the glass substratm&gnetic disk” means that the thickness of the
glass blank is thicker than the target thicknesghef glass substrate for magnetic disk by

machining allowance during the grinding using fixaatasive grains and the polishing process,
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[0037] For example, aluminosilicate glass, soda-lime glass, and borosilicate glass can be used as
a material for the glass substrate for magnetic disk 2 of the magnetic disk 1. Particularly, the
aluminosilicate glass can be suitably used in that chemically strengthening can be performed and in

that the ghaasisy BT {8 J0pARPYAIEkeH. SHARIFR {aFdBe fRRABSOLING O IEBRLAHIRGE ARG B

strength of the substrate can be prepared. A chemically strengthened glass material mainty
containifHy molar percent of 57 to 74% Si02, 0 to 2.8% Zn02, 3 to 15% Al203, 7 to 16% Li20, and 4
to 14% N Qg'$]suitably used as the aluminosilicate glass. [0038] (Manufacturing method of glass
substrate for magnetic disk) FIGS. 3A, 3B are views illustrating a flow of a manufacturing method

of glass substratE P& AGNEIC AERIBPRICaIRYaRResPd2- IFRTIARLR BRI WaRs S Physed
pr_esds f0fﬁ§_ﬁﬁrff_ﬁt@ﬁaﬁb1@b-'ghétb%@ﬁeﬁﬂ)@f?@@orgmdg”ﬁﬁibﬁcbc?mél/:?é&gﬁﬁﬁigﬁkgmd v?ﬁth@nmyn?ﬁéhe
grinding using fixed abrasive grains is performed as.illystrated jn . 3A, 3B, depending_on surfac
regularf AN ATUKALL 9663 I DBISHIAR hUSErHRENEICSURTHhIDG: el R Rgpned an
performed with threappssadubd sivstreftachiadiGtid diskl &eeidr The fiaassstoounhthe paineilsal baneséoemed
with an %ar?tus itlhus}rﬁ;[ed iEr;bFIrGt 6 Frll 7 rand Irzlg 8. FIG. 4 is a plan view of an apparatus 101
used in Etﬁ%e psrergg gorn%ng,e A %I %%F@. Sre VIEWE iMlustrating a state in which the apparatus
performs the press bemingiyhenengtned éomlassidedtra! [0G80tamingHeypresisufqrertenpafcegso

explaine I heat | f lass n@?t lic die. . lll%?h [ d
evenly frf)}%”%f%lvgéir 0 %?&?ﬁgggss{gﬁa%%?ﬁ?gé z;lg?’ss gnqg%’n%? rﬁe{t&aﬁ]é @ie y%?&aﬁé@r%%éﬁ
tempera@gdhte ationesdigatetBiapair of the principle surface of the glass blank, more specifically, by
equalizin ratures and further equalizing slopes of the temperature changes. Therefore, heat is

conducted evenly from the pair of principal surfaces of the glass blank to the metallic die, thereby
reducing(Mansfapbangstins piielespivhiptpie fRicesieti®k)glass blank substantially equally. Of

course, in order i6)&gaize3REROWEISTIRREAIHIR GONOI T AR kg AlditomerdisstiatiSstrate

preferably equalized immediately before the press forming. Due to the above temperature condition,

thermaly PBAGRaIHigHIOh & &MPedIA&AE pair of the principle surface of the glass blank during
cooling stage. Thsstsurigesdrsgnlargypes taecalass thiatcvdiRy Bay s Tasem bydipecte fatahing,
ciforoncEASRELN DAV brincIEAT CUHECL IR L ERFHAION SHFE TAFTbA JSS B A ia
not occuperferatateadldinssatetitie FIGENBHaSBhldepdrebmysesfaceuratg@adid imdtiesabys of a
example.glass blank to be formed.

For example, the press forming is performed witrapparatus illustrated in FIG. 4 and
FIG. 5. The press forming can also be performdd am apparatus illustrated in FIG. 6, FIG. 7,
and FIG. 8. FIG. 4 is a plan view of an apparafs used in the press forming, FIG. 5 to FIG.
8 are views illustrating a state in which the appas performs the press forming when viewed
from a side face.

[0039]

In the press forming process explained below, lseednducted from the glass blank to
the metallic die. Thus, heat is conducted everdynfthe pair of the principle surface of the
glass blank to the metallic die by equalizing terapge condition around the pair of the
principle surface of the glass blank, more spedliffc by equalizing temperatures and further
equalizing slopes of the temperature changes. efdrey, heat is conducted evenly from the
pair of principal surfaces of the glass blank te thetallic die, thereby reducing the temperature
of the pair of principal surfaces of the glass klanbstantially equally. Of course, in order to
equalize the above temperature condition, temperadd the metallic dies is preferably
equalized immediately before the press forming. e Do the above temperature condition,

thermally balanced condition is realized at the pdithe principle surface of the glass blank

13



[0040] (a) Press Forming Process An apparatus 101 illustrated in FIG. 4 includes four sets of
press units 120, 130, 140, and 150 and a cutting unit 160. The cutting unit 160 is provided on a path of
the molten glass that flows out from a molten glass outflow port 111. In the apparatus 101, a lump of

the moltef s sy dheyeuing uoIcAR s Gruseibin il 8%‘%’&@5}%%%?@%53%%36894@@&?9%

sides of the falling p e lump while sandwiched between surfaces of a pair of dies, there

forming thegnals daiemationsAuEmaaie £OMRG HaYf HRBLCUFSthe iHHARhtReCOUS AR i2t8e)

press ungisdgératd® &%réﬁ@é@@t%ﬁrﬂ%@%ﬂ%ﬂrﬁﬁ 88 drerpes é&?@ﬂﬁéﬁémﬁﬂ@ %ﬂ%d
outflow port 111. [0041] Each of the press units 120 , 140, and 150 is driven by a moving

30
mechaniSARAAMUSHIRSH LS be TAISERIS rﬁrJ@@&%ﬁﬂfF&ﬂﬁé{ ARRT ARRk B GAR FSoRETHEE and
outflow poftrh k. 186aFds, Sashéthe press units 120, 130, 140, and 150 can be moved between a
catch posht@mwd a retreat position. The catch position (position in which the press unit 140 is drawn
by a solid FIG. 4) is located just below the molten glass outflow port 111. The retreat position
(positiongapRvbishRbeniresProtts$ 20, 130, and 150 are drawn by solid lines in FIG. 4 and a position

in which th its 14Q i b kendipe in FIG. 4) is | frol

outon port 111 LG T prigt (eai 1616 e ehieRs S LA P a8
and the maﬁ@oanm)@_gnmm unit THE .cuffing auiting Q &ilpiso pidsdtead a)lp@tipafh_ma‘ thelteroigasglass
between, ﬁ%%? %8?%?8@ %{‘918?%#{"@%%@ glﬂ’ﬁ%ﬁ‘gﬁ%ﬁﬁﬁt t’njelaf tﬁ&r&f&#%hﬁ”ﬁ Sﬂlﬁlﬁé,%mﬁé‘@ﬁen

which is a lump of the molten glass, by cutting a proper quantity of the molten glas Ing out from

the molt@ia@awbbﬁlﬁw Soting1y rﬂhé@ﬂﬁn@aursﬁd._wdﬂtmd@@chtb@irltdm@uiﬁi mesiseR roal keth seles
The cuttigp pladesid§1nand sPE N aRRR ASItRiEReRiBaRNsISEAY drePat Bitfed ol eby

glass at constant timing. When the cutting blades 161 and 162 intersect each other, the molten glass
is cut to HIANEEYERSheIdained gob falls down toward the catch position. [0043] The press

unit 120 includesq syl s Algseanshdis £42, Q,ﬁfﬁttﬂ@_\/wtﬂ@ﬁ’ﬁ@df&ﬁe%@dcﬁrb’riégsuﬁﬁits
124 (see FlG'é?gO ach of the first die 121 and the second die 122 is a plate-shaped metallic die

includingl® BrdsOrokfin G i SBrRY [HedoRin M YHEDEsHrRSS RIS TRlipreglaRs PEowW
surface ipgiamnar and not provided with protrusion, unlike conventional metallic die. The first die 121
and the second.die 122 are disposed such that normal directions of the surfaces become substantially
horizontall Adll;uch that the surfaces become parallel to each other. The first driving unit 123 causes
the first die 121 tBgthasfethangdasy ealityittPG5speO} ot easecobllivie 132aGmoiaginechanisthot

oo ) S R B S e Sl RS A sk W SRR o e
cau.sing thiklsurftcat dSIrmﬁrsmrthmg)mﬁsmmnWelﬁmmcbﬂﬁﬁa_ wndmi_ mmag beitvieht@ b}gtch
and 2 col ol e anEned Boslgh e Ui AT AN Rt I e B PR A SRR
similar tdtieobhe melid et 126) Eheldidsdapaitats jostarephessoiies 1ias 20ithew ped dklomitted.
retreat position (positions in which the press 1420, 130, and 150 are drawn by solid lines in
FIG. 4 and a position in which the press units is4@rawn by a broken line in FIG. 4) is located
away from the molten glass outflow port 111. Eatthe press units 120, 130, and 150 is able
to move between the catch position and the repesition.
[0042]
The cutting unit 160 is provided on a path of thelten glass between the catch
position and the molten glass outflow port 111. e Tutting unit 160 forms a gob, which is a
lump of the molten glass, by cutting a proper giamf the molten glass flowing out from the
molten glass outflow port 111. The cutting uniDliicludes a pair of cutting blades 161 and
162. The cutting blades 161 and 162 are driveassto intersect each other on the path of the
molten glass at constant timing. When the cuthilagles 161 and 162 intersect each other, the
molten glass is cut to obtain the gob. The obthoab falls down toward the catch position.
[0043]
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[0044] After each press unit moves to the catch position, the falling gob is sandwiched between
the first die 123 and the second die 124 by driving the first driving unit and the second driving unit, and
the gob is formed into a predetermined thickness while rapidly cooled to a strain point at least, thereby

preparing the disgkrrhgpeds qlas D@cRdEae Al doRTesReBIEMOYeS R haGIHRALRRIIESN aHif

first die and the second die are separated to cause the formed glass blank G to fall down. Note that

the straifpRREPRIG B d 26rieeBdndindo vErEBI§ BiBtodie7 @3 -aRd dhantesrthdimaalufea
in a met*matétw(?m RelRiRAEORI20AS L iEsCRINGHERAE Lisk 826 NI EPRVENEpATES PiRiTEg for

conveyer 173, and a_fourth conveyer 174 are provided below the retreat positions of the press units

120, 130t"E4@%hd 1502 respet il BARURRR AfstRE AR ATRYERA Mt PRINRI8Re Hllfass

blank G fadiine siewyiafratettirccareesppngdifigspraiss Lpit, i@ 8eh tonyieyepeoanewidpesaassudnnkss
to an apparatu %ilot illustrated) of the_next flgocess. [0045] .. The apparatys 1 1iﬁéoﬁiéglurec? such
that the pRYE]HLCC3ONEET 118, HHIPEES DSGOMR ATy R OMaS Gon E cASo st evHuES

retreat pbsitomwhiedihe gokisisanbaichdhestirthatrininglass launses tanfiesntivuo2slydprtaeeedand
without waijting, for. the cooling.of the glass blank G .in ea ss unit. [0046] FIG. 0 FIG. 5 e
apecical ML T Brets Bt S o Hyme CARNERT i Tecsesonet RN Ll T
the statedsefees the gelodnchdie 1 ER305B iseedaandllnstretingsiiecstatéha fuisictiehé2job iEachdefihe

o . - IG. EC s 2 viow | o th i ouhich o
s formed s, oraiti M 125 nd B R R R SBURS o et IO AR S
[0047] suracHustiiedingt FIG/img Uaimbid mathensad®ilthe seerind clislingowit dud4rtnbeeapiciten
glass ouiloy RRTEbLL: BLARISHRAIRL, thEranRameS 4 Ml e GYERar il HRERrPredeiersinethd

timing to cut the molten glass material LG using the cutting blades 161 and 162 (FIG. 5B). Therefore,
the cut nfofteih PAEY REEFHREPINEGbstantially spherical gob GG due to a surface tension thereof. In the

example illustrategh ih it - theaitQHPBS CRHIEY s neief Nsomaken strssdnatariat k& dad ardmdng
interval of the cuttlnﬁ%unlt 160 are adjusted such that a gob GG havg]lg a radius of about 10 mm is

formed eREFFHIE thle g aRGtRERNS Bfiths P62 14Reandde gy eififtddown toward a gap
between t[gofiigt die 121 and second die 122 of the press unit 120. At this point, the first driving unit

123 and th d driving unit 124 (see FIG. 4) are driyen at the fiming the gob GG enters th
petween the ireCHE1BAVAT %S JEULAIPYRS 1930 GaHE WO RRR ETE0 A hoRBrYEI O Ber

close to eaetiiatheie arxs cametie cartantiviid 112 dnb dEENgiesetiieinasitistratethin $8GorkCdiivingob
GG is captured ht) between the first die 121 and the second,dje 122. An inner,circumferential
ontace DT SP e SR SR Tl o e D ea R SS lS ey BB S R e
close to ehdbasthehevithya pnepargep tlzandlisle wp SGoiaswiE he d Hertywatarties mpres sitcuhieogataio
surface irst.di / i [.Ci ' f e i i
o i alear Jef b fd e AN SOUREPSaIatE: £ eIl RECRRRLH TACE Hank
surface 122a Hltrdovavonticlie =t thersterito eis thag@pdtecon espantingitourisessisiaiirace

121a of the firglie il Aa() Hl?ﬁﬁ@&é&éﬁ“mfﬁrﬁf&ﬁ@%@%@ﬂ@%ﬁ%ﬁ.dieAlr’n%FE’Jf}ﬁ\t]%“%egt

That is, the spacer 122b of'the second die abuts on the inher circumferential surface 121a o

die 121, W%r@bsﬁﬂ@gecméw%ﬂﬁemﬂmmmmm&bwmﬁgﬁ@mmw%m@v
inner cirquenieseadiahseliReR bA2AOpIESSBRRSA IS 128, nKarisonwapkiaaaperataaditvrbarado
space. fourth conveyers 171 to 174 receive the glass b@af&lling down from the corresponding press
unit, and each conveyer conveys the glass blan& @htapparatus (not illustrated) of the next
process.
[0045]

The apparatus 101 is configured such that thespoests 120, 130, 140, and 150
sequentially move to the catch position and moveht retreat position while the gob is
sandwiched, so that the glass blank G can contslydoe formed without waiting for the
cooling of the glass blank G in each press unit.

[0046]

FIG. 5A to FIG. 5C more specifically illustrateettpress forming performed by the
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[0049] The first die 121 and the second die 122 are equipped with a temperature control
mechanism (not shown), and the first die 121 and the second die 122 are located in ambience of the
identical temperature. The temperatures at the first die 121 and second die 122 are identical and

retained %HH&'&(‘J&’ 1ower BRE aalasSIrHRINNERNS R TR R N eB B 91388 d<> Fitalds 188

first die 121 and the second die 122 are under the same temperature condition before the press

forming. View AlHs{Eatingl it Yo Wb Hcuoh otk decthiierd WWaititS0aiaNtbl In P this ¥
die 122 afiigstrarapthe starmesvikhapelasmahdhedysapkcamdemriEd syriner diddary uspiirstdie

121 or the inner circumferential surface 122a of the second die 122 at substantlally the same timing
(timing dRFEPEIRG SHrfecemiidhs it e dassblamedMUABA as about 0.06 second in the
apparatusj@@47jrherefore, the gob GG is formed into the substantlally disk shape by spreading along

the inner circumfer |aI surfac f the first die and the. nner circumferential surface 122a of
e Second die 155 MRALRCI E1oe S TR e TR GO B L o 8 UL A dten
the form mfoﬂmmrgihesaagiﬁls&vtperemynrepwntgstrpmmishﬂﬁmamglamhlmmﬁthe thﬂtmgh;ndmm,efor

example th Iass bla kGls dISk aped Iate avm lameter f75 m, an
S ) R B anna o

thicknes ay ﬁw trwag et e s |e °1 Cs’econ(au ie aéjr%sc

press un(iFlGO ﬁBDckIW menedere the mltaaohesltgiasmbmmﬂtbatm@smahyt spbamoaegab:Becdch

90 move g o Herebt P HIPHRE ARRAESS AR ETS, AT orlion) ayartrbUHANE RS U
glass blafieEs @iaﬁﬁumﬁtyrw«ﬂ@lwmmtwmgla@temahk)fahfe@@lmtiég ANk assesh echelbal &
yield poinTRERs s EStARNGr UNb e BRRtHE RFAAY rdiRant FeARImATRNLOfpRRA ate the

first die 121 and the second die 122, the glass blank G falls down from the press unit 120, and the
conveyer B¢ Ricated below the press unit 120 receives the glass blank G (see FIG. 4). [0052] As

described aboveTﬁbth%éoﬁé% ARladeniishai’l idqedhreeecandiia 4r2arisedopsaeel22
are ¢ ose

temperature condition within a time as extremely short as 0.1 second (about 0.06 second),

and the 1AbH¥ RIS SiMst2RialpSHHSIRABELIS é%MQn%'&&%ﬁ&thﬁéwg gfivhag it 12

C;fC#mfe(géﬁat@ffg);Qrbﬁdm@ht@@ r!:I’féttFﬂw‘i':?n7g112'éln agbﬁ&v&?glm@fgapzwgﬁcmfﬁgeﬂm &lzfiaﬁl?]cﬂ%
of the second 1 Therefore, the inner circumferential surface 121a of t irst die 121 and the
o o PRSI LaAmad K85, DR LS e A A8, BRI 1B LG HEM B PsCATD ABGErand

hardly oagymhign |ﬂnemmwmtowahmtﬁergnmm@ftﬂéawdlmee&nmmn@tﬁrttnel gqb‘@eatﬁaaed

B th bef t duct f t
olnse 0 (EURLT LTS R Sl R 19 581 TR e s R o P oG RS
becomeSLQﬂlastﬂrthallyret/meaﬂ@l mgcbeesmfmmngmmmﬂhﬂm 1@ erfatiuecseicthedgibe slBamome
crope 10 UGS B AiGetAS" HILKS" G428 R GBS SeRUIREHLE SRR THE" Hieio"

heat is conducted, temperatures
C|rcumferent|al surface 121a of the first die 128 &he inner circumferential surface 122a of the

second die 122 is formed into a thin-plate shapke.projected spacer 122b is provided on the
inner circumferential surface 122a of the secored 12 in order to keep the gap between the
inner circumferential surface 121a of the first #i&4 and the inner circumferential surface 122a
of the second die 122 constant. That is, the spE22b of the second die abuts on the inner
circumferential surface 121a of the first die 12&hereby the gap between the inner
circumferential surface 121a of the first die 128 #he inner circumferential surface 122a of the
second die 122 is kept constant to generate astliaked space.
[0049]

The first die 121 and the second die 122 are eguipwith a temperature control
mechanism (not shown), and the first die 121 aedsétond die 122 are located in ambience of
the identical temperature. The temperatures didtedie 121 and second die 122 are identical
and retained sufficiently lower than a glass tramsitemperature d of the molten glassd.

That is, the first die 121 and the second die I22iader the same temperature condition before
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of the first die 121 and the second die 122, which sandwiches the glass blank immediately after the
press, are the same due to the following reasons. That is, because the falling gob GG is in ambience
of the constant temperature, the gob GG has isotropic temperature distribution. Further, because the
first die 332 B@S@%ﬁﬁwd die 122 is in ambience of the same temperature, they are in the same

temperature condition before the pressing. Thus, even though the gob GG comes in contact with the

first die 121 and th&rBEcend Hie 82D ni§ FemMaietn CUNIRIRPMAR g dbstdiad Bl thasarondl
and the sgeofsbdifd 2 hdequRRIBIRETE dBRtAe ARk and iecPGrRIM G AR ENSBAING the

immediately after the press. That is, temperature condition is equalized around the pair of grincipal

surfaces BPHHEGILES BlahieiiRRRI R a1l SidERa Qf thers§Sord dif Jeadie Hedy the
betwgeenéamfadimﬁ%r@mﬁ@s%mer@ﬁc@fd 4 Hiemlaﬁﬁli@mf_ ,dqlmksgl,tt@ é&aéﬂﬂ@rﬁﬁﬁjsh?gl%@ a@glﬂdo;‘g{@
certain perio lle peing sanawicne een the first di and the secon e , that Is, while
o oo e A A bt IS & e B o6 ST Al SRk sniae
thermallybhaspneadingnaliting ithesaized eitcoenperie otidhe rfacipe slitfeediait tibeg s blatkhe indvaile
the glass P'a”r‘r‘ufé"rg?n%‘jds&ﬁe c%'afifa{‘."‘”fktﬁg%tehc%ﬁﬁ‘aﬁkhdgfdﬁ%ugﬂ?ﬁ"}r%%é‘&@ﬁo‘?%‘ﬁ“ﬁ%@%@tﬁ%eref8re

the Iargecofg%rmatlon 0es not’occurin thegrass K ccord )éy, theflatness o pnnmpgp

surface dbthés prapiaitg doglales] béantk &olglifrgetove theo fopar eaf aihhe giasidsian knersbyr qut dpettieg  the

o . the gl ' . P
ot the ke DR RS RIS I e SmBa e SoReaTiy E AE haiees Lok S
of the sept@ifl HRvVIEPasdigimAtertné fatecds Buoandedtisanvilapmig dame. Accordingly, the target

flatness oiébg@arincipal surface necessary as the glass substrate for magnetic disk can be realized.
[0053] Notethat, when performing grinding process with fixed abrasive grains, which will be

described later, thejuthe-diiptedifaktib PoetBanTRIUIEL GherckeA RfEeHae 1S HIURE 2 Waighkly
and the inRfeaRRECFERERL ok 1AARidecSpraRddhTiR 2 8@V the é‘é‘ﬂé‘ﬁtggsﬁ‘%ﬁ, thad e Qptsal

property in which the haze rate is 20% or more in the formed glass blank G is obtained. The surface
roughnes¥ 1B RB R BT INRrEFESENIS RIS 9% Sand the surface roughness of the inner
circumfergppghgurface 122a may be adjusted such that the arithmetic average roughness Ra of the
glass blank G becomes 0.01 jim to 10 pm, preferably 0.01 jim to 1 jim. Because the formed glass blgnk
2 around vith oo NS DL OO AL SR R Be St s G A6 SEEefche
for magneiéc itk afer kepimgissekD jimitaHebglass thieker @adlemtiyrgeolbidknesis tfdhgladasklank G
substrate for magnetic disk. Because the thickness of the glass blapnk depengds on the. er 122b,
the thck RSE e s 4 50 R e P ST 2 R0 Ry (A e s s
of the glasecendstiratenipumiatjRétarediskven toGe placadehistinge d, 24 erdribepsefomurdjgydiddinge glass
process with. fi rasi ins {rregulariti in j [ f

o1 the trog S e e R A A TR P U S Bresh
such thafl@regeivss iheghlassPtankeIdaeedrtffads blank G is 0.2 jim or less. In this case, as the
grinding isg%g erformed to the glass blank obtained from the press forming, the thickness of the
spacer 122b may be adjusted such that the thickness of the glass blank is identical to the target
thickness of the 418$56H586aleN fhdg HeecRRRItEHAP1, talﬁ@lﬁi%&e’ﬂﬂﬁl@ﬁl@ﬁ@@f&j GHeFlE2 singiey

substantiplly sphierieahsetufare isdREmeH RYLCEiBEdRHRWENSsOLkRAHER SRS bS 'aing Ep Gyt
blades 161 and 162. However, when viscaosity of the molten %I_ass material LG is small with res‘fect to

a vqum@dﬁh@e@?ﬂ@G%dog‘&Jm?QIﬁ@%égmgm taRNER Eﬁﬁeﬂ%ﬁi%q%aw- 'brmﬁby
](‘:Uttintgh thﬁH@g@é%f;ng@Sﬁ rhﬁ ,C(:;,EI‘I%(?JA\ Iﬁ!{ﬁ‘@gf?ﬁlégcﬁgffgﬁ'@ﬁg1#?@ﬁf§?@$@%%$émtjf@lﬁ@|fﬂﬂ@i@ tﬂk; lﬂl?j_@qﬁﬁter .
orm e gon. . . Q . are vi S Hiustratl a modirication o empodiment o
A T MR P RS 2 R et A A A
the gob ismadsf, thE>ireBdieal 2iewniusieabing therstatddadvebichdba gph &Ghis seadedyida 2atHRg nintt
160 and formijng die 180 d FIG. 6C is a view illustrating the state in. which the s formi
o oortor DS BERRE, Fad & efBirharon T e e R R SR Al Sl 5T S
molten glaseil Griuthéepratal usitr ez i4 2Resed Byocaosen ghtiendglelss 18 1famielB htanthehelisknphaiibe
It ith. i i i i . f by t log
o 15 BEn R r D ESHIRLH AR TRERYTI AN RGPS ST SRR 192 o
recess 1890pRiRiendistitaiitbth@bibssfarmead @kassnbléreobiespauiisiahicabio even saftendhgspress
recess 16 _ _ Bjoek
en fal IRV OETE ALl AR AR EFSRBES 1 SRR AR (U1 e

surface tensio e molten gla . As lllustratedn FIG. 6C, during the fa e go (g-’ t
sphericaléiéib tEPEB RS M RIdE Svith hE figsthe o nessey@nt Heosiettb AEatits comdusiassttemanyanges
same timing (timing difference of 10 millisecond or less), and is sandwiched between the first die 121
and the second die 122 to be press formed, therebyjgreparing the disk-shaped glass blank G. During
the press forming illustrated in FIGS. 6A to 6C, the temperatures of the first die 121 and the second
die 122 are the same in the same fashion as the press forming illustrated in FIGS. 5A to 5C. That is,

temperature condition is equalized around the pair of principal surfaces of the glass material
immediatelyy affer the nrece Therefore temnaeratiirec of the nair of nrincinal crirfacec nof the Alace hlank



certain period while being sandwiched between the first die 121 and the second die 122. Thus,
thermally balanced condition is realized at the pair of the principle surface of the glass blank. [0056]
Alternatively, as illustrated in FIG. 7A to FIG. 7D, in the apparatus 101, instead of using the cutting unit

160 illustgpigr in 5 GicPAtp K3 -1AE <2 BAMRGMESN DS AL RV R go D IFiNgh NI R

upstream direction or a downstream direction along the path of the molten glass LG may be uséd. FIG.
7A to FING DrarsviiRdMRuSREIM G Yente diR ARbAINGHIERSERN b fMRGANSRdNS HAlNE &P-SH. 7A

and B %%Wi%Wéé'|Wtrﬁf@.g:ﬁ?%féﬁietﬁﬁfﬁﬁdhﬂéiq%@%@)‘ﬁé@'ei’sﬁ%ﬁ@ férﬂb’é?&‘tdﬂ!ésﬂﬁtiﬂgdﬁén.
state in which the gob GG is made by the gob forming die 180, and FIG. 7D is a view illustrating the

state in iHMERSRIGCASR IR J&fthedddirsgodidts insihienged hiewade temperature,
H'UStratethié;yFéﬁa rilmwéllgamt@i?eérﬁﬁ@fﬁ?f@rm@ddmme b@fﬁdfqax%ls” dﬁng.lgiﬂagseg@irmﬁfnggetn@?@b;ﬁ
owing out from the molten glass oytflow port 111. As illustrated.in FIG. 7B, the blocks 181 an
e TR dn SR Ut R 2t o P el A SEa s T Bt Tag rom
timing, thaeepylcudity the firsttdie J2$sanG tRidercan dlditra22| ifites Of e Hictkiid 82 arthd 8Rare
separated at predetermined timing. Therefore, i olt lass LG_retained by the blocks 181 and 182
e o B 2 T A S e AV S R BB A RO
molten gkpsaliGd laccspiictival grob G @rioones iswrtataeshefidiade filatkieinédathaliecdhd gieed22

at S“bStam vtﬁgwt%ﬁ%@mm giﬂSéF%@%StB Miﬂﬁﬁ%‘mﬂidﬂiéti SPUAANLR %?'?Héé‘:@'&‘%g blank,

between the Tirs and the secon 0 be press formed, thereby preparing

disk-shagedingatientim the glasubilagknis mesiedoferiagirseriadairGeiMAsaTiviched between
temperates;Qf e 1151 ARdl e AL U AL difidiigl 2 thANR RYBRINAN BV ES RBISHAR Pint at

press forming illustrated in FIGS. 5A to 5C. That Is, temperature condition is equalized around the pair

of princig8pstirfabls ®feReafidbs nimeri N ampreshinslyes: tridire JSagNatheroplracRn BRIl &
the pair ofRlinsiPal SafparoPikRe gIReH RN AER AVRSpgapRMe during the time the glass blank is

cooled for a certain period while being sandwiched between the first die 121 and the second die 122.

Thus, thermally BXRI&oecERmEdHAR 801 ef tHaeoaiRet tlamt G R @l GISHIBHIRN S BiAge
[0057] quite§; BAdeRiepsrevinw sl dathianaitiow elamadiipalinme guie b ilskead ofksoefiRdhG,

a lump Cp of the optical glass.heated by a softening furnace (not illystrated) is caused to fall down and
the pros T RITS RSk Em B AL €9 WHTSRRRAD TP AS S RV BRI vt 3
betweengliess 22 a0 pizp2adidihy tine fab wi¢hednal pptas FhignBAdausieheily atatirigrkeGtiatphaiose
the lump,of the heated optical glass is formed . 8B is a.view illustrating the state in which the lymp
of the op ELEEL IR By HIACE R B O e TN e AL b e DRtk T
performeahi tihe inngy ofrthendetmstigllsssfacendk@ahef ghesadldiek 122 suchAdhbustratédtimessGednes
an appar, - rial,graspi ' C . Jum, f i
Pl e dlige Sk N LR T A
212 relegiasstisehstipt€pomagnasticdisiasntbeseslzesd lump Cp of the optical glass to fall down. As
iIIustrated'[i(rjbggf. 8C, during the fall of the lump Cp of the optical glass, the lump Cp comes in contact
std

with the fi ie"221 and the second die 222 at substantially the same timing (timing difference of 10
millisecond or led¥9teibat yeriwWReEr ButgngiediRiogessikpd ateasive il sz yihishbwilress

formed, tﬁ‘@é@hﬁéﬁﬂﬁ&@%@‘%tﬂﬁ&'@"i'l*’?‘@?dlgfﬁﬁst&ﬁﬂ@-cﬁ%ﬁﬂﬂ%‘?éﬁﬁaﬁi@ﬁéﬁ:@%]zi‘ﬁ%mﬁéﬁMe

die 222 have the same arrangement and action as those of the first die 121 and second die 122

iilustrated 4 E¥es! BIQHBNRAEHpHRHSraRtidhtiwdace 12BHehdeERNE 8 fomfgyIRR AtEIROFEE! Bt

to 8C, thenterppaeatupespdrteifirgitin 23t ansrthegecrndebinAd are the mmedn dghessapieniasbios
as the press for ingTiHustrat?d in FIGS. 5A to 5C, That is, te erattirze c?ndition is e1%$§lizged aroimd
the pair abﬁﬁwarﬁm MR YO RRslat i ARG LR Rah s Yiase. rirernd (B RUHRRs

of the paibaghriesipaif shidazerpidincuaiteschiiksanitaaiw apRind sampudusin G itiuh tine three ghasirhteiu

222, TR ATy Y e B S Sh A T ool ok G e YA AR ROMRIoH SEHERD oL U Bisd

blank. [0PB8] Because the formed glass blank is ground vixdfabrasive grains, it becomes thicker
than the target thickness of the glass substratm&gnetic disk, for example, 10n to 150um
thicker than the target thickness of the glasstsaiesfor magnetic disk. Because the thickness
of the glass blank depends on the spacer 122bthibkness of the spacer 122b may be
preferably 10um to 150um thicker than the target thickness of the glagstsate for magnetic
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(b) Scribing Process After the press forming, scribing is performed to the formed glass blank G as
illustrated in FIG. 3A (Step S20). As used herein, the scribing means that two concentric (inside
concentric and outside concentric) cutting-plane lines (scratch in the form of a line) are formed on the
surface gjjthe glass blank G with a scriber made of a super alloy or diamond particles in order to
obtain the donut-shape (ring-shape) of the formed glass blank G having a predetermined size. The

glass blank G schEMREsEeMRGELARY PRI R BHHEINTRRESHI TR Af O fR% BB ShEhe

outside CQiELREriFralEIRMIES P PREOT ey A D enrRpiIRiaPReRNINA SieIR qiFsmaverbhym dliffRrenRer
in thermal expansion of thet%lﬁiaés blank G, thereby obtaining the donut-shaped sheetﬁ&lass material.

As descritVHRRARA Rl LK pled@ iRk W SERABR HeplRARP WA URECACRHER Rk IEE e RsSs
blank G prpgueedshoeusl mialinresieIEHRIDIGEmSIIAESRE ronahrResasy, BHINETYANIERS: 18 His

case in which the roughness of the sheet glass material exceeds 1 pm, the scriber dogs not precj
raco on HELIGUMECEICAMTE R, SN AHEA R MO A GERG A Bt (RS U 5 S0R e
glass matesialbaadhsieezacd thatthto thivkn assoofeh digistienisudeoiicalarittie &rgxtehicknebibf
the scrib'&n% islgsost reu%%i{r%q ?Qpr% rngﬁch ||sﬁ<is made in the sheet glass material with a core drill,
thereby o a%lng the fing &eet g?%s material. [0059] (c) Shape processing Process (Chamfering
Process) [0058hen shape processing is performed to the scribed glass blank G (Step S30). The shape

processing Inlugs o RIGHBR (GRRAENY P Uch Rru SRR A AOD AT [08hmen oy

circumferential end portion e outer circumferéntial end portio mtferential

portion oftfiéngrigiglbew iarikiGraelematasddsisiine aldinmbladessl@lgraih. J6R60HAYEYRRIMG
Process ygingsfrixef HRMARRCHURS material Is small with respect to a volume of the gob 16 be

cut, the glass does not become the substantidiigrgial shape only by cutting the molten glass

Lg, and the gob is not formed. In such cases, dayoting die is used to form the gob.
[0055]

FIG. 6A to FIG. 6C are views illustrating a modédtion of the embodiment of FIG. 5.
The gob forming die is used in the modification.IGF6A is a view illustrating the state before
the gob is made, FIG. 6B is a view illustrating gtate in which the gob &5is made by the
cutting unit 160 and a gob forming die 180, and.FG is a view illustrating the state in which
the press forming is performed to the gabt® make the glass blank G.

As illustrated in FIG. 6A, the path of the moltglass Lg to the press unit 120 is closed
by closing the blocks 181 and 182, and the lumihefmolten glassd. cut with the cutting unit
160 is received by a recess 180C formed by thekll8a& and 182. Then, as illustrated in FIG.
6B, the molten glassd-that becomes the spherical shape in the recess B8 down toward
the press unit 120 at one time by opening the Bldékl and 182. When falling down toward
the press unit 120, the golbs®ecomes the spherical shape due to the surfaseneof the
molten glass k. As illustrated in FIG. 6C, during the fall ofetlyob G, the spherical gob &
comes in contact with the first die 121 and theosdcdie 122 at substantially the same timing
(timing difference of 10 millisecond or less), asdandwiched between the first die 121 and the
second die 122 to be press formed, thereby prap#nm disk-shaped glass blank G. During
the press forming illustrated in FIGS. 6A to 6Ce ttemperatures of the first die 121 and the
second die 122 are the same in the same fashithre ggess forming illustrated in FIGS. 5A to
5C. That is, temperature condition is equalizesuad the pair of principal surfaces of the
glass material immediately after the press. Tloeegftemperatures of the pair of principal

surfaces of the glass blank are always the samagltire time the glass blank is cooled for a
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As described above, this grinding process is selectively performed depending on the degree of surface
irregularity and the thickness of the glass bland obtained from the press forming. The grinding process
using fixed abrasive grains is performed in the method illustrated in FIG. 3A, and is not performed in

the method {listhRISSHIVRIE-biing sardiFi el BEQyiSRaRaed 1 thRdifkaass it G singrilgs,

fixed abrasive grain with the surface irregularity condition of the pair of principal surfaces as formed
(Step 8465)9'1156@'35(5%9!@%&@’?%% '§§%"ﬁ@f§@@%9ﬁ§ﬁé’@%‘ﬁ'ﬁ@fﬁ@ﬁ1%m@%%Wﬁ%e of
several m[g@m ters to about 100 micrometers. For example, the fixed abrasive grain has the particle
size of about 1 FIG. 9A is an overall view of an apparatus used to perform grind |ng and FIG.

9B is a view |IIusﬁ‘gﬁﬁ@a§‘(%{%lé?§rélg§rF?fﬁg AB G éARIGI@RY HIENe0ARRAALS i Bt afiRieR

state in vursregg mjgﬂgﬁm@lank 238 i?amgawl @und:zrkgoedﬂrﬂe @@f@ﬁtﬁﬂrﬁa@ lr%dfdﬁar%rﬁlﬂddf Krovés ane
apparatus Include er surface plate 402, an upper ac te 404, an interna ra
ctior 4890 BIAHGh AT EnbB0 dcHs UERLRAR A% o A AT BPS 1BC i e
418.  nholen @ammmeMrn&H@amQ@|§k@rt“callwmmiawshmdﬁl@veembmﬁdam in
surface pI te4 2 an t u er late 404 n rinding, th ra care ers 408
retained I ﬁe intenha ge(srnrP ds E& %B ?I%je five C rrr%%gﬁ raerc\e”gvi’armeac# %uh%céao %%(?ore
diamondtbhegtld B isomdele thtGe e suriawelplateadog tred stmavpjpey thafgob @asemadarby phanar

i hich B oG, AICER, BT B S, RAITER BTN S R R B
to be gromﬂqgméfhtﬁetbevﬁﬂb EHepaeke ithe glesgdriaokeGnade in each carrier 408. During the
grinding, the pairQf priaginal SRS £A theolass dlanine %ﬁ@&ﬁé*ﬂﬁd@r@@f‘éﬁ&%ﬁ&&b&% the

being sandwiched between the lower surface plate 402 and the Upper surface Ip late 404. On the

other hafaoigd @iass bidaNDIsae AinBHtBR thelish&lasriaptpwieb2 biftileslaéed os g 7B.
includes @& g4 1@9‘&@6“?82"&‘é”f&fﬁi@&?%w@océm@rtﬂr@ﬁﬁf&?ﬁ%d@%%ﬁ&ﬁ%ﬂéﬁtﬁ@%@ﬁ%ﬁa'

gear 414, which are provided in the lower surface plate 402. When the sun gear 412 is rotated in an

arrow dirlafshlecabRTELeIE IRERVONRE ARRIGIXHHEIROGES IIRERGotalingn &% YHEHRIR:Mion
as a plareigerc, thensletRs the10kass bkl seprrufsbegitaththe@mantyshem et l®06d molten

glass I retained by the blocks 181 and 182 falls downnat time, and the gobd®ecomes the
spherical shape due to the surface tension of tieemglass k. The spherical gob £&scomes
in contact with the first die 121 and the secorel 122 at substantially the same timing (timing
difference of 10 millisecond or less), and is saictied between the first die 121 and the second
die 122 to be press formed, thereby preparing igteshaped glass blank G.

During the press forming illustrated in FIGS. TARD, the temperatures of the first die
121 and the second die 122 are the same in the feemen as the press forming illustrated in
FIGS. 5A to 5C. That is, temperature conditionegualized around the pair of principal
surfaces of the glass material immediately after gphessing. Therefore, temperatures of the
pair of principal surfaces of the glass blank dveags the same during the time the glass blank
is cooled for a certain period while being sandwitibetween the first die 121 and the second
die 122. Thus, thermally balanced condition idized at the pair of the principle surface of
the glass blank.

[0057]

FIGS. 8A to 8C are views illustrating another nfi@dition in which, instead of the gob
Gg, a lump G of the optical glass heated by a softening furr{ace illustrated) is caused to fall
down and the press forming is performed to the I@pmvhile the lump G is sandwiched from
both sides between dies 221 and 222 during theofathe lump G. FIG. 8A is a view

illustrating the state before the lump of the hdatptical glass is formed, FIG. 8B is a view
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As illustrated in FIG. 9A, in the apparatus 400, a pump 420 supplies the coolant 418 in the reservoir
416 to the upper surface plate 404, and the pump 420 recovers the coolant 418 from the lower surface
plate 402 to return the coolant 418 to the reservoir 416, thereby circulating the coolant 418. At this

point, theeralamh 4 1R Snaues SHAEHIENSiAIRE BrtitessmcyistoRithasndaesricacSredifally.

in the apparatus 400, when the coolant 418 is circulated, the filter 422 provided in the iower surface
plate 402/ EEEEHEBCTRIAL 18IS RetBih RFRSSWAFMBERBHREPAZ A0 His lymp of HecppRbfshIHarade
has the sygreqru@fitadlyirakes in FIG. 11A by the grinding using the fixed abrasive grain. FIG. 11A is
a view illustrating an example of the surface profile after th@e@gﬁrinding using the fixed abrasive grain,

and FIG. 11B is &'VibWSHAEELIN G LA SearbRIORREGIHE O BIFFR MR REXBRIEILBIRI e F 12
g;sina t(*;&:lﬂﬁﬁ@y@bl‘ﬁ;bfmm@dfﬁiﬁﬁt_he pﬁl?:fﬁltgiﬁ?%ia Bﬁit%mﬂci@ea;pm' i (ﬁ_guh%’iévlﬁf[mgdlﬁss
an , e proje te ortion Is effective roun IXed abrasive grajn, and t rnaing

curtnce It e B T IR R S o A o Ar e A RP UGRL RS 1o
relativelyciatspeattioh oot tbpticdatiady flatfpibdonnncludeii usa atetil@rigdalung gites fall of
correspopding to t icle size of the fixed abrasi rain,. for example, the roughness the, qther
. wrR B e e R oS L e B B e A T e T Athe
removedsecaxiditthe &2 thatmopstéadipidytibe asntiedimsitegify Hitrease ohakfodsaftendher dess)inand

f i i ins, t f fil
ustatel s EI TR B BB 0 AR e A iR o90°RH Breht JEmmee ey
the fixed RIERAIVE dheirfliskehapedtilegsiaakdaghisedusiiss divg 2loanihihg seeenefslie 222 have
iregularifye Thah s Ahe{gualnRssf KR ha’ HILOBr §Refoiound Y dedhedRPIBIVR R ed in

Therefore, in order to effectively perform the grinding using the fixed abrasive grain, the roughness of
the surfabtGrregingritossririjosea® @ik or more in the formed glass blank G. [0065] FIG.

11C is a view illusgiaigaRe srederialihapitiacsriofifshapads WHICRID SV RGHRY ik 8asittst die

performed using the fixed abrasive grain, while FIG. 11D is a view illustrating an example of the
surface ofil@3H4Pe FEERCh A 8isgtErsREn He HasRaimes RotHeriREP e i RIEN/RNg  KRtrated Ag
illustLatemtiGg(.; %‘»AL 16, sw.entheﬁuor@je%mbemtm@ |@@ﬁ(ﬂjﬂti?ﬁ§tﬁjﬁ}imSf!a!ffﬁﬁ%jpfﬁﬂfpﬁdhi;@fﬂ(pfincipal
roughness is 0.01 jim or more, the grinding is easily and effectively performed using the fixed aprasive
orain. OrSURTEGRRo bR RS SREEA TS AIE Er RS broj U Rl BTSN R
and therefspainelptivslyrestbistdagmis thimakriaecagineiigs stiragiduding thdandly pesfolesdbliaimngis
the fixed abrasjve grain even if the roughness is 0.01 jim, or more. The difference of the surface,.
orofils sl CUh b8 SRS e T e R e AR R e bivest Bropdlsy
in which 222 haZéntetetiepoOf priranecddesomulitavestiie aiatdbe paiilefstiap priihspatad ifaééGf1th,
and the %ﬁiggsir@ 'ﬁlpardly performed using the fixed abrasive grain. Therefore, the surface shapes of
the innercircumterential surfaces 121a and 122a of the dies 121 and 122 are adjusted such that the
formed gl@86&]lank G has the surface irregularity and the optical property. In this regard, as the optical
property @J)tgﬁr% Blark L according to the present embodiment, the haze rate is 20% is more.
[0066] In the grinding apparatus 400, the grinding is performed using the diamond sheet 410.
Alternatively, theAB@UtBBrEERSS PEIING vaGtRIfkisinaiEHIBaHR I MeIHRGa ddank Ehasudegtiaéeshd

of the digmend sheesElPshey example, a pellet that is formed by binding the diamond particles with a

resin can be used in the grin |hg using the fixed abrasive grain. [0067] _ _
As used herein, the Scribing means that two cdncefinside concentric and outside

concentric) cutting-plane lines (scratch in thenfoof a line) are formed on the surface of the
glass blank G with a scriber made of a super allogiamond particles in order to obtain the
donut-shape (ring-shape) of the formed glass bartlaving a predetermined size. The glass
blank G scribed into two-concentric-circle shapepastially heated, and a portion outside the
outside concentric circle and a portion inside ith@de concentric circle are removed by a
difference in thermal expansion of the glass bl@khereby obtaining the donut-shaped sheet
glass material.

As described above, the cutting-plane line camably be provided with the scriber,

because the glass blank G produced through theréay forming process has the roughness of
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(d) Edge polishing Process After the grinding is performed using the fixed abrasive grain, edge
polishing is performed to the glass blank G (Step S50). In the edge polishing, mirror surface
finishing is performed to an inner-circumferential-side end face and an outer-circumferential-side end

face of thegHass BARISS by PiksRolsHngheh his POInALLBERRLECHdes fnsdprisiesssiges

cerium oxide as the loose abrasive grains is used. The contamination of dust and damage such as a
flaw are FBfEGEADy $ReROMAINE RSN BERsAMINT HutEae GERBERNSf tRBrMAYaBpEMS, ArRNTY

generatigngfiis SUcleAsia S0eH Eh3ad RRlapRB IS hakitR$ BRMISINEr6aNsBeARr ey aTiee dAOSEEr

(e) First Polishing (Principal Surface Polishing) Process = . Next, the first polishing is performed to.
the groutBIRIGhaNSLFAEY A RREKISAK 1B (4HSh SBBPIRG 2 0ah prEUHR S A AJIANGhES fhés
machining dlewaiee sHaa Vgl naamaterRiaaisret divsf OPeieisg the Tikg Briddaalislivenisterial.
intended tf é%ggove the flaw left on the principal surface after the grinding using the fixed abrasive
grain and ?1 formation. The apparatus 400 used in the grinding (Step S40) using the fixed abrasive

grain is ysg & e pirst ¢xdisliyode $kisGioambfenie §rBtgoiiséing differs from the grinding using the

fixed abrasive grain in the following paints: the slurry af the, turbid loos rasiv. ins | ed
instead of the ol AR gPLTE bt Ehitahe Lot e 0 s BHaR 6 S S e
the diamshdshpaieEs3ing inElmidesathplafehio g l(oinaoifensgusli d fioenpEnérital seruth pertenwandiider

(particle %F&Jrﬂ'@%ﬁ%l%@%ﬁﬂoﬂw to about 2 jim) is used as the loose abrasive grains used in the
first polishing. '
The outer circumferential end portion and innecuwinferential end portion of the ring

glass blank G are chamfered using a diamond alergsain.
[0060]
(d) Grinding Process using Fixed Abrasive Grains

As described above, this grinding process is setdg performed depending on the
degree of surface irregularity and the thicknesshef glass bland obtained from the press
forming. The grinding process using fixed abrasgmins is performed in the method
illustrated in FIG. 3A, and is not performed in thethod illustrated in FIG. 3B.

Then grinding is performed to the ring glass bl&@ksing the fixed abrasive grain with
the surface irregularity condition of the pair afngipal surfaces as formed (Step S40). For
example, the grinding using the fixed abrasive rgt@as the machining allowance of several
micrometers to about 100 micrometers. For exantpkefixed abrasive grain has the particle
size of about 1Qum.

FIG. 9A is an overall view of an apparatus use@ddorm grinding, and FIG. 9B is a
view illustrating a carrier used in the apparatt§ié. 9A. FIG. 10 is a view illustrating the
state in which the glass blank G is being ground.

[0061]

As illustrated in FIG. 9A and FIG. 10, an appasad@0 includes a lower surface plate
402, an upper surface plate 404, an internal geéy & carrier 408, a diamond sheet 410, a sun
gear 412, an internal gear 414, a reservoir 41 aacoolant 418.

In the apparatus 400, the internal gear 406 iscadlly sandwiched between the lower
surface plate 402 and the upper surface plate 4D4drring the grinding, the plural carriers 408
are retained in the internal gear 406. In FIG. €& five carriers 408 are retained. The
surface of the diamond sheet 410 bonded to therlswdace plate 402 and the upper surface

plate 404 in a planar manner constitutes a grinduréace. That is, the glass blank G is ground
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[0069] (f) Chemically Strengthening Process After the first polishing, the glass blank G is chemically
strengthened (Step S60). For example, a mixed solution of potassium nitride (60%) and sodium
sulfate (40%) can be used as a chemically strengthening solution. In the chemically strengthening, for

exampley;the, shamir iy RRngiRRnINAMALHIAN BRRAUREARARDTS 1R890C, the washed glass blank G
is pre-heated to 200C to 300C; and the glass blank G is dipped in the chemically strengthening

solution fdPfék to four hours. Preferably, in order that the whole principal surfaces of the glass blank

G are chemicallydrenedhanaslifhe /@rorg iheegriaegasd elagplor dolgasupldnk Getdthed while

accommaogdated in a holder by retaining the glass blank G at the end faces. . When the glass blank
G is dippddReTRE henTESHIPEHa! R IMERR A SBRAM FarHE I Reh R SHIHRALHHE iBA R KRR
:ayer of tb@rdqi@és l@_'ﬁﬂi@@lﬁl@ fl@[éi!ﬁﬁﬁtg amrt:@ @@dhmltjiamdﬁm@v_wl 'htb@iifgﬁe/dﬁi@h/ibhaéq r@éwe@lh' b
arge ion radjuses in the chemically strepgthening solugjon, respectively, thereby strengthening the
glass bla .Wesﬂfgggeo@ﬂ‘?g% \Wﬁ?ﬂ %Ewgé'rﬁfééwesﬁiﬁzthening treatment is performed is
washed. For exa@pleheibehevasinmag the glass hiank G usingtdieeshéuoiwecisu tize glpktdladR Gyishe
washed usin ater and JPA (isopropyl alcohol)., [0070 Secqnd Palishin inal Polishin
Process e RS SRR AR el AR ST e R TRl Sy ebun
strength@y@iag 4Eatanehtraethalagbangddre suffidieaty perfinatibel (Btep SB0RCEOPlatadpl:, tWVelsatdhe
polishin S 1ni 0 . Ishing is4 e
mirror 38? aﬁ:gi %%rl Ef%%g%%aggg %@%ﬁlgﬂﬂgc@éﬁ]@’pgﬂﬁiﬁﬂ%@g s%@nﬁ%%%?%%?n%&%té pl)z
S40) usinghilee Mtatingbiasieajram sifecherias sotanefiBielhsedpie vkl gt Rieednt psligraingd

At this p%gh%égﬁg%ﬁgl%@gﬂf@grs from the first polishing in the following points: the kind and

particle sifgocgc 3t]he loose abrasive grains, and hardness of the resin polisher.

As illustrated in FIG. 9A, in the apparatus 40@usp 420 supplies the coolant 418 in
the reservoir 416 to the upper surface plate 40d tlae pump 420 recovers the coolant 418 from
the lower surface plate 402 to return the coold® # the reservoir 416, thereby circulating the
coolant 418. At this point, the coolant 418 rensgwarf generated in the grinding from the
grinding surface. Specifically, in the apparat@®,4when the coolant 418 is circulated, the
filter 422 provided in the lower surface plate 40Rates the coolant 418 to retain the swarf in
the filter 422.

[0064]

The principal surface has the surface profilestliated in FIG. 11A by the grinding
using the fixed abrasive grain. FIG. 11A is a viustrating an example of the surface profile
after the grinding using the fixed abrasive graingd FIG. 11B is a view illustrating an example
of the surface profile after the conventional gnrgdusing the loose abrasive grains.

As illustrated in FIG. 11A, in the surface irreguly of the glass blank G, only the
projected portion is effectively ground by the fixabrasive grain, and the grinding surface
becomes a profile shape in which a recessed poatmha crack are partially generated in a
relatively flat portion. Obviously the relativetlat portion includes the irregularity having size
corresponding to the particle size of the fixedaalwe grain, for example, the roughness. On
the other hand, when the grinding is performed qisive loose abrasive grains, the recessed
portion is also removed in addition to the projdctgortion as illustrated in FIG. 11B.
Therefore, after the grinding is performed using kbose abrasive grains, the flat surface does
not become the surface profile as illustrated iG.F1L1A in which the flat portion is relatively

dominant.

23



For example, the slurry of the turbid fine particles such as colloidal silica (particle size: diameter of
about 0.1 jim) is used as the loose abrasive grains used in the second polishing. The polished
glass blank G is then washed. A neutral detergent, pure water, and IPA are used in the washing.

The glass substrgig.ferimaggssis Ak ed aying the %@%iﬁ&%‘@ﬁ@yﬂ& @FFE:%\PE%WH@%%H%SS

principal surface is 4 jim or less and the roughness of the principal surface is 0.2 nm or less, iS

obtained¥yeae dedfd0dbnsalige surfarerregulasbated ki thetreupkm ef t255i28R00R i the
magnetic,Rygre a8 B?Rﬁé'ﬁ%@b@f‘aﬁ}%ﬁlﬁéﬁﬁédHStfalfﬁéFéfmﬁ%%ﬁ'Q&'éffé’ch/é‘l'gﬁEéF&)m@ fﬁ‘é‘éﬁ?ﬂtﬁ rfsk

1. The flow of the manufacturing method illustrated in FIG. 3 is described above. In the flow of

FIG. 3, thSIEEHRJ G- BB VAR % ihafayrBeessiRE g RS S50 uRr b fordibgtBE R R T Ther

grinding nsdng ithenkixrairabpgive OpramkStep S40) and the first polishing (Step S60), and the
chemicallﬁ Sér% gthening (Step S70) is performed between the first polishing (Step S60) and the
second p 9 (Step S80). However the sequence is not limited to the embodiment described

above. As long aElthe priDdingusng ﬁhesflimmgbaaseoaagnple (Gtene$463, pheffiesthafighingwBicp He0),
and the secogu e%)%%%lsr}g, e%880 arse"p for ed in thls orderg%i S r@n@lgtep SVZO tpusf’ rit

processn(‘:?g'z Remica streng enlnga ﬁlap may appropri efy e rep

[0071] anIaxmlaﬂplmbtb(ﬂnaawfacmuymhbamtmmmmgmwng/imbardhepaMmecguamlggr(ar&md
grinding ﬁﬂpa ﬁ[eog]paﬁ{mding) using the loose abrasive grains, the first polishing and the second
polishing is perio to the formed glass blank G. Alternatively, in the embodiment, the first polishing
and the second psishitsirRig@rioriniés td ke wm@d@%ﬁmﬁmﬁﬁmﬁéﬂwb@qﬁtﬁelgrtﬂil@lrﬁyriace

performegﬁg'@m fhea80 }é%sgfé"@%*ﬁrs andle g Q)déﬁﬂj EFF&“&E/% Rfed

omitted t the ass blan whose princip ace has h S required fo e glass

substratélﬁyagnﬁgenefmeéusﬂbgaﬁmearam NGB tHig, fihee Qﬁiﬂbﬂglﬁtéﬁ{@(ih@ﬂfé@ atsﬂe@wévaﬁ&lntf@s
"'UStrate%r'ngdfédléﬁrti%'ﬁ%E&ﬂﬁﬂleﬁfeglIE)OéB@I 'adﬂqw@?&ﬁoéw spibBERfeiREE P engr Quitthce

and the machlnlng allowance_can be suppressed in the first polishing and second pollshlng of the
post-proc¥8&le=3he,@iRAIe gk RGN PEEQHHERIMAG 2 RBEASHIPH 8 Y AR AR d B1AE i B
200 pm |U_g“@gﬁ|@d|,mg)|@d the polishing. Accordingly, preferably the glass blank G is formed thlcker

than the target th of the S sub trate2 for the m neticd 3101 .tm to 200
and e glass blal R LSRR ST HETLE S Bl RBE0 Dy A BTRRG BHANRRERrAty. B3] >
The macme|rggaattolfNankeGtham:g)nhermpnkadxlgpmbeg;(ﬂmmmihgmoe@easaa@%eoondcgemm@ not
rocess),and the polishing (first |sh|n cond O|IShln oc xceeds 200,p
order 1 TS e R T B R0 b S it e LR BRI g
allowancthés Bmedh@mammegcamwenTbemfmm ghledmgfatmm @nthseiroret gxmdm@epeooe$$ut\faees
the SlassOfRiafla PSSl BRI e 400 o7 a0 iREaTR IR CHAAR AT PACLBRERCE

though the ﬁgtness IS iImproved. Therefore, e machlnln allowance is mew?%agj)lncreased mﬁfgqftrst
ponshmgsanf@me rsegulatipoisikinheopbiciihgrepeidycoive negatd pasdiss estiTakpreeasty mrotiergtass

the edgepariion, é@d’éﬂ%‘?@g‘% %%QQW%&B%%WE%%@%%'@%S gortion is rounded in the

glass substrate, is caused by the large machining allowance in the polishing according to the
convenUof%@%%cesses That the neighborhood of the outer circumferential edge portion is rounded is

2g(rzlgrl:éedc:|?stht:§ fl?‘ncfﬁeaéﬁhﬁ|H@rﬁﬁﬁaﬁﬁﬁléeﬁ'@d3QH%’“§flﬂﬁij§?%&%(ﬁoﬂ§iW@ the HrahRHighineansi e
IOAItern %vely the fixed abrasive grain in whicketdiamond particles are provided may be used
instead of the diamond sheet 410. For examplellatghat is formed by binding the diamond
particles with a resin can be used in the grindisigg the fixed abrasive grain.

[0067]
(d) Edge polishing Process
After the grinding is performed using the fixedradive grain, edge polishing is
performed to the glass blank G (Step S50).
In the edge polishing, mirror surface finishing iperformed to an
inner-circumferential-side end face and an outeruenferential-side end face of the glass blank

G by brush polishing. At this point, slurry thatiudes fine particles such as cerium oxide as
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[0073] As described above, in the present embodiment, the glass blank is formed such that at least
one grinding process may be omitted. In the forming of the glass blank, during the pressing of the
glass blank with the metallic dies, temperature condition is equalized around the pair of principal

surfacesbtioglassPiaie HhAsdaat torhe contudmmindbenatinfrlge caf RoRdiLomkeRirat

the pair of principal surfaces of the glass blank. At this time, because thermal deformation does not

occur for BRYRGH el gRRIBAHGaHIetIRs@ea RO NG re AbSSBHERBRIBHRSE of theimal RIBRTIBtioANSr
th? b_Oth qReiaigiciest f@i@%%ﬁfég%f%m@%%ﬂmﬁmwgmmﬁ'ﬁ@ﬁﬁéﬁmé@e
grinding processes are not required, and it becomes possible to efficiently manufacture a glass
substrate Egpﬁﬂgnetic disk. [0074] Particularly, as a magnetic disk 1, the glass substrate for magnetic

disk 2 as(dlustretewir ikt EBirkipaprmaratedroishmghgisscapparatus while being axially supported
by a metallic spindle whose. coefficient of thermal expansion is large. Thus, cqefficient of thermal
expansion of the U Lk U B Hkh R RE LI 8o e S REL S TR 1 (1P R s
regard, cGmM(Bisitios&d\the Gasezabgitatetfer Mgy nptilisthisl) 2 linel atexohimalgs udlo st ¢be doetivégat of
thermal ex ansigp ?é Egeaglasts?%JPnslgrac}reng?rrrgagnetic disk 2 becomes large. The coefficient of thermal
expansion GRS g?ass GBSt aEE O magne%c disk 2 ranges from 30 to 100 X 10 7 1) for example,

preferably 50 to Tb@ Xirs0 Fo(lsHin&)sTihteabeddcoefficientiod thiaftnah érpgrsicipa swdhee after the

. O | - ; L
Cotsius AL R AR e A, TR ARs 28 e e
magneti@tiR#i2dd SiaaleAMausBm X fixed1diarivgegipursadonxthe firgk pplipkiriferéhdbisfapbttof
the spindlehecPMaRIAFREdiBISHENAhRGIRIARS O dRSHedrEha&ea B?%Wfﬁqwiﬂﬂlgﬂﬁgaﬁﬁnts:

substrate for magnetic disk 2, temperature condition is equalized aroundthe pair of principal surfaces
of the glass blankisBvrexafipr turpid/gsmpbrasiveprifessrtRirad o éeotrs sbeasivgtorain;
temperatures of thednsyISHEIMET eRER: sifépce 121a of the first die 121 and the inner circumferential
surface 122a of the second die 122 are substantially the same. When the temperatures are

substantially the SKIp &S8R RRishside Useshneiead efiths dierd®s 4é8rees Celsius or less. The

difference of tempgrasuegripleIaffepsRigiabltRRItRESiRE | pRISHIE IRSS adnsbitime SR ghediele Size:
degree Celsius or less, Note that the difference of temperature may be measured usin

thormoclUATRSLER A ARRHE B AP FRA AR AL ST 1S MEelOas ARAS e CLAIRS L SPsh KR o

first die Igtllighiehghe inner circumferential surface 122a of the second die 122; the points are opposite
with regar@) e inner circumferential surface 121a and the inner circumferential surface 122a (points
correspon |€% the central positions of the glass blank, or central points of the inner circumferential
surface 1P1@headidad yrivieecgtheniegetiadasssface 122a, for example). Even when performing the

i o : . lert.
Consequenty, s L8 B S R e SR S8 o

problem" is resollred examplecAuBExethpeltdioreafaiprRsigBnfidRisldnddesivantedfatetiéqsoican
sides of {pe H%%'&eaél&‘%%BHQ‘QI@P%BﬁgtﬂE’r%é{%ﬁﬁi@‘ﬁ‘?ﬁﬁé?ﬁf%ﬁﬁ@&ll%@ﬁ%ﬁgtﬁé%iﬂ 9‘?‘5?%‘;@amgley

temperature condition around thé pair of principal surfaces of the glass™blank IS equalized accura

during th@ﬁ@@gmg:.ally SFf@ftEEh?mwﬁﬂt@?p@lé%@@ﬁtﬂ@%%mé@&ésfhﬂm&ﬁbﬂﬁ!ﬁ;ﬂér@ﬂﬁ@ Gis
pressing ﬁéﬂw@ﬁt@@@&%@@%%@@@?mﬂﬂﬁ@@a@E%FQﬁI%QH‘R%%W@d@'ﬁ‘EM%@@@Hﬁﬁiﬁeﬁmﬁ:’
when the both metallic dies at both sides get closer and come in contact with the molteanlass or the

softened PBEO &R ISEshHRARY BN dieS &l 5t bidBIER faalyNPhuials oI BRl st CEonaltible
around thgaRaibRIKICCHIR shElaresI9fdherdiassnraninisdppiecdanedrasiy N pAiRde AL piack

press fo@lg% accommodated in a holder by retaining thesgiéank G at the end faces.

When the glass blank G is dipped in the chemicgtligngthening solution, the lithium
ion and the sodium ion in the surface layer ofdless blank G are replaced by the sodium ion
and the potassium ion which have relatively lamye riadiuses in the chemically strengthening
solution, respectively, thereby strengthening tlasgblank G. The glass blank G to which the
chemically strengthening treatment is performedvashed. For example, after washing the
glass blank G using the sulfuric acid, the glasmblG is washed using pure water and IPA
(isopropyl alcohol).
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[0075] (Modified embodiment of the press forming method) In the press forming according to the
above embodiment (press forming of step S10 illustrated in FIG. 3A), temperature condition is
equalized around the pair of principal surfaces of the glass blank, and heat is then conducted from the
pair of priT §tpaysurfaces of the glass blank to the dies. Consequently, the glass blank G is pressed
such that temperature distribution is substantially even over the press forming surfaces. However, in
the pres$3dPRERNAReRBMIt(Fiaal 320 ehiydr Biaessdtribution may not be necessarily even at the

inner Clrcumfereﬁfr?éﬁ%&%ﬁéaremhg fisstdigokateanth thedngrRiseHeUD iRy aRHRIP YHacenbadir Afthe
second die 122. Even in such case, temperature contrgl m @é’ be performed for the first die 121 and the

second diBPRERING SERIBRI Foh YRR € ke rfﬂ@“ﬁﬁer%‘?&r%@Pentﬁ%&’fé@éoi%l@%f

the first djecbal mghm@ngrsqrrguﬁﬁemﬂ@ gu@fﬁgﬂcjégggﬁdhe second die 122 are substantlally the
same. When suc tem erat Irol | ormg Ee difference of the temperatures of er

circumferential s EQT 'an'ﬁ dhEAMH fﬁ'&hén@ 89%8%

The abowmdrﬁemmeMpsmdsmtmmrpW degrgeHedisied abrasareigcbllhaarmmme
preferabl 1 degree Ceél 0076 For example, whe anufact lass,su ate for
hegnetc TME QLR s g oo e gt Rl od M LTReet I I SR e

molten gthﬁertsrfwmneﬂh@dﬁmmlsbmgsedtmfmnwwmmte the press forming. At this time, as illustrated
in FIG 12A, ont e i ]Eh%'cp 122d may be provided at
outer crrcumferenr?é@%%éﬁ !ﬁe outer g.‘é@um e&r(é?rﬂ](% Z%%%c%mﬁ outer circumferential surface

122c, which are 6pptditess ehéhimmesioiruiafgential surface 121a and the inner circumferential
surface 122a res?SPtéYé%%pTe‘etHS@@rﬂkﬁﬂﬁﬂ@tﬁgﬁpfm@%gﬁﬁﬁ)ﬂﬂe&’ss&ﬂé|5%f5§ir[9é.'Qﬂéhﬁ:@u%’?zre

circumference of the disk-shaped glass blank. By providing the first die 121 and the second die 1
with the HéamsigkLl albaul SFMhisau el A BirdRSH @htrafdrig IRIGS1use th¥REEdRAESIINTand the

second die 122 defing dngrug s deenmienditheisracidiscdiifersnasiisrRing Heiworite POl

the outer circumference side and a part at the central side of the glass blank during the press forming.
ConsequdistlySad INUSEMAFINGG 12C, as the glass blank G after the press forming, there is formed a

concave glass blgink wWhese sesioathinesgisctiectrased HahiRenuter eyOMeIsNce AR the

central side. Even in this case, the flatness of the glass blank G can be the target flatness vided for
o lacs eSS bR Al SUTTASE 1P B e 1o B0 T O B OF THER TG S S s

blank G, tempelessrés @tﬁtmoﬁwby dw@em‘ﬂimtbelgiamgblank in both the inner circumferential surface
121a and the i mn.e crrcumf re t| rfa

1 dlesssf%e %gfsta |aI e same ch r|r|1 errod
beginning the pre rqg wrtH untr e t mpg e g asseblg]rﬁ?&e &creAdasts
the strairdppigited ot hbecgmgmatblmﬂmmrmwimempamlyhe mai@rn%ceﬁrslemtly perform the
grinding using th ind at

outer crrcumfererﬁ?ct%IJ |ch SJP{%@(%J?QH Eﬁaﬁ’s@\gg&@)ﬁ@%&é{}ﬁ R’e g v%h%%r%g?rfg%?n%%ru@\?r? thﬁeb({)he
diamondflsveedf4E0G F3rtHbe, ﬁﬁdmmngsdﬂ@v@ﬂ@)a &nm@@rlﬁjm@ceaméﬁteowécare Pgréerned
blank whigh, has e ntli‘fﬁé]an g FtHG*?BJéﬂOéBré{%"r\/Bp%évﬁ%%e BlagknW R | ﬁgﬁﬁ'ﬁ?%ﬁéﬂ%ﬁy,

whose wavelength Is nger t of flatness, Is im Difference of he max

thicknes@BAdRAChaminaly gliaaubsinghéIrr SERANRDE bt G BEHRAshNMISieRea6R)
FIG 12C 45,8 i Qelesise PommmpIesE)V880). ABRENS BIRRS X MINGIOFMARS (itR DS ARRIRSS

grains is performed for the both SI)rlncrpal surfaces of the glass substrate obtained throu Ogh the Steps

S20, S3¢AREIRAEANGYRS 3AY SH0INe HEMNIHIBUGHRAENBEE B85 IME ITBINSRIRPoP A I éb

is perforpeRkHiad (@f@ﬁ'@@gyswﬁm PolishiD @@ﬁhrﬁﬁ@ﬂﬁﬁgy%éhﬁéwﬁrﬁ@ it® 9, dheeglase
substrate for magnetic disk % %n manufactured. A%rs trare the thlckne of tha&{ass substrate
[

obtamedﬂ'megs o5y EBF? hi ?Q%H?y%‘?@%@grréﬁji Ay é%%%ﬁ%cﬂ ERINL {DERe
glass blagkd} A&y 8ppropriately be replaced.

[0071]

In the embodiment, unlike the conventional methwithout the two-time grinding (first
grinding and second grinding) using the loose abeagrains, the first polishing and the second
polishing is performed to the formed glass blank @lternatively, in the embodiment, the first
polishing and the second polishing is performethtoformed glass blank G after the one-time

grinding is performed using the fixed abrasive iggai The reason the at least one grinding

26



Even with such embodiment of the press forming, the glass blank is pressed such that temperatures of
portions contacting the glass blank in the press forming surfaces at the both side of the dies are
substantially the same during the period from the beginning of the press forming until the temperature

of the gla53HlaBk HRRsEIR kel 34 RRINENYRO S HR SR 150 a5 RNk LaMRe g deishess

flatness provided for a glass substrate for magnetic disk. Therefore, the glass blank is formed in a way
that at leERYIWHRAJPPRIBG I setsiealesfanMRINAIGBISE@ME G lass blank whose section thickness is

decreased from RgtauiestCiFeuaigiaan$idsiig e aRealisigsiaierastiustatitiie-be suieronly
circumference, which js thicker jin the glass blank, can be a trigger of the grinding, and accordingly,

\ | gly
effective PEnBINELFaREEON 1N (RreSHHRAR PROIiSREMBIBNIaMY REHEL0IRE AR R MBSHIRIRALS
of the diexillstgtiated darrI6eS skibpraeBbcnd thereiierepbrRsifigusasdiiasisalrming 6 AaBisstesibrrtsn
order to realize such heat flow and manufacture thI concave@%lass blank G as illustrated in FIG. 12C,
an emboﬁ%&%ﬁmgiﬁbéhgdgﬁ?éﬂ’ H?cﬁn [yed & T aﬁeﬁéﬂim% '5fe %umﬁ%@r%é‘l@nces
of the ounertleeayintsirentiadstiéapelishlicgandibeooditey | pisfirality ehtiad Eigdacank2@cisfthmédstideké2 1
and the secongd die 122 respectively. The portions corresppnd,to the central portio f the glass blank
o g AR S et FER R S e Ge B B s R e B T
Hereinafterdttie affestiaek <oistpeoteshed thutteataadpidiEss . 8/ wWaes gomdirmyeaind theThaisimmgosilicate
glass (57 LBJ% Si02, 0 to 2.8% Zn02, 3 to 15% AI203, 7 to 16% Li20, and 4 to 14% Na20) was used

m

as the glass erial. A pair of dies illustrated in FIG.4 and FIGS. 5A to 5C was used. Temperatures of
the press forming Barfatashitifge e ancewierdhie ceiventibraeh@edifust orirting weecasedand

which a Umiag &ARWRETHRREESS] WS HERERIRG SHERARTIYASES HATSWEGTR BSHsh ‘ﬁgﬁ?@g%’

a glass blank was prepared in which the flatness was 3.91 pm, the surface roughness was pm,

the haze@%E€aMEs2APA Hhargfy deidriseyevide slogratrdHoed @b thimlag e b6\ o (e atpssdtaikes
to the obtaigedglass W\%J&h’irﬂr?aéﬁoWQﬁH@t%f%fn%@@Fm EnvantRiMainediyiehdhs dedagsanves

3.88 Jim, the thickness was 0.80 mm, and the surface roughness was 0.15 nm. Note that the

grinding SREORE SEIRGNGY REAESSEroriNBEMvithec SRR SN BEERIYi g Artn® JORHRG\GIEIGH&Y
as followgrofsinding thhdised aleaslyepgirived Oismronthgsianesidalishipaavase ssHepshome Oxitte

( icle size; di ter of 1 jim to 2 ji dagh thane pad dt form th
polihing! VB pEHQHRREEr e e LSO BB P i i 5P P 0L I e

soft polyarsbatirgas tvereomsedhtio merfsnodbsasolisiitig tidip ribisi enatcbinting etlgwavaedw@f, irRwhich
the neighborhood of the outer circumferential edggion is rounded in the glass substrate, is

caused by the large machining allowance in thespolg according to the conventional
processes. That the neighborhood of the outeumiferential edge portion is rounded is
attributed to the fact that the hard or soft rgsafisher is used in performing the first polishing
and the second polishing.

[0073]

As described above, in the present embodimentgldees blank is formed such that at
least one grinding process may be omitted. Inftieing of the glass blank, during the
pressing of the glass blank with the metallic diesjperature condition is equalized around the
pair of principal surfaces of the glass blank. sTallows heat to be conducted with thermally
balanced condition kept at the pair of principaifates of the glass blank. At this time,
because thermal deformation does not occur forfdnmed glass blank and there are no
differences in the degree of thermal deformatiarttie both metallic dies, flatness of the formed
glass blank is improved. Thus, conventional twaetigrinding processes are not required, and
it becomes possible to efficiently manufactureasglsubstrate for magnetic disk.

[0074]

Particularly, as a magnetic disk 1, the glasstsatesfor magnetic disk 2 as illustrated in
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The magnetic layer was formed on the prepared glass substrate using in-line type sputtering
apparatus. Specifically, the CrTi adhesive layer, the CoTa7r/Ru/CoTa7r soft magnetic layer, the
CoCrSi02 granular non-magnetic underlying layer, the CoCrPt-Si02-TiO2 granular magnetic layer, and

the carbgn sy drides PrtBRINRIRYEIMETRAAIURRIZAS ASROSHAAARP A Al piiagemetding

glass substrate. Then the perfluoropolggther lubricant layer was deposite on he deposrted uppermost

layer by SRifsBEese cacifisiem Aiharhy MeanRiABHE sk Pissopefician: oUhgIalRYRRARIPN
enduraneg {aat (RO 0M MRS WATHRRJHRIBaILR oVvalyRiag ealing giablitnal Bianaagnpttehead Wil

respect to the obtained magnetic disk. The LUL endurance test is one that checks error occurrence,

dirt of helRPaFtr RSPRARIRANBinBRn RS TRt et Hak BReikpy shalstrigined B haiataibe

device) f@bélf@&lréﬁhttﬁfctﬁ@)'ﬁiaﬁeﬁ@éhﬁbwmm@@}la@@mmﬁmb@rét@dww@ thecoibsisaplsedhe
thermo-h stat of 7OC and 80%. After the |LUL test of 80,000 times/day .x 7,5 days =600,0 t|me in
does B {82 RS Jeah et O

which 10678515 8RE DRI RRART IR QLS AIAsH oF DRSSk FREHA Ry
10 HDD HevesK| M]exanm@ammeommmﬁa@m)ng Tiethalsboé glassfisidstetetformal

magnetlc dISk a manufactu method o{&]ass bIa ﬁ?s substrate fo a_:gn tlc dis gtrat for

glass blan)ﬁpaccorcri]m'gsy @ th 'i%reggm |nv has bé'ékralaex ain a%ta? howed S%h% presen

inventiomisigoetimitesd 2 dhd b alay EﬁfatﬁeliahmarﬁbB@Qaﬂ%ru&thd&ﬁé@rmmmgeenmarrmaml

F1Gs. 4 8 v%ﬁ?tﬁ@% e Ly SR A E R st i
present ih08NGdR [(kcThrihrdifiejascestf [Des 2T thespismtediacoGrasavict isnghpaEavRYactidn
layer 4A48 Magnetiphisaha R Gy e gatal SlosRRihfd df ik A8 NPERARIES condition is

equalized around the pair of principal surfaceshef glass blank. As an example, it is very
important to perform temperature control such tlemtperatures of the inner circumferential
surface 121a of the first die 121 and the inneruenferential surface 122a of the second die 122
are substantially the same. When the temperatueesubstantially the same, the difference of
temperature is preferably 5 degrees Celsius or IeEke difference of temperature is more
preferably 3 degrees Celsius or less, and the prefgrably 1 degree Celsius or less. Note that
the difference of temperature may be measured wsthgrmocouple at 1 mm inner point from
each surface of the inner circumferential surfa@dal of the first die 121 and the inner
circumferential surface 122a of the second die 1B2;points are opposite with regard to the
inner circumferential surface 12l1a and the innercuenferential surface 122a (points
corresponding to the central positions of the glakmk, or central points of the inner
circumferential surface 121a and the inner circuerfeal surface 122a, for example).

Even when performing the grinding process, maagirllowance is small because the
flatness of the glass blank is excellent. Consetlyieas the machining allowance is small in
first polishing and second polishing, “roll-off griem” is resolved.

Because temperature conditions of the metallis dheated at the both sides of the
molten glass or the softened glass immediatelyrbetioe pressing are equalized, temperature
condition around the pair of principal surfacesh# glass blank is equalized accurately during
the pressing.

Further, the molten glass or the softened glassediately before the pressing is in
ambience of constant temperature, and the temperdistribution is isotropic. Thus, when the
both metallic dies at both sides get closer andecamcontact with the molten glass or the

softened glass, heat is conducted to the dies tit sides evenly. Therefore, temperature
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111Molten glass outflow port 120, 130, 140, 150, 220 Press unit 121,221First die 121a, 122alnner
circumferential surface 122,222Second die 122b Spacer 123First driving unit 124Second driving unit
160Cutting unit 161, 162 Cutting blade 171First conveyer 172Second conveyer

condition around the pair of principal surfacestbé glass blank is equalized accurately
immediately after the press forming.

[0075]
(Modified embodiment of the press forming method)

In the press forming according to the above embedt (press forming of step S10
illustrated in FIG. 3A), temperature condition guealized around the pair of principal surfaces of
the glass blank, and heat is then conducted frenp#tir of principal surfaces of the glass blank
to the dies. Consequently, the glass blank G esgad such that temperature distribution is
substantially even over the press forming surfacéfowever, in the press forming illustrated in
FIG. 3A, temperature distribution may not be neaglseven at the inner circumferential
surface 121a of the first die 121 and the innaxurnferential surface 122a of the second die 122.
Even in such case, temperature control may be eef for the first die 121 and the second die
122 such that the temperatures of the surfacebeoinher circumferential surface 121a of the
first die 121 and the inner circumferential surfd&@®a of the second die 122 are substantially
the same. When such temperature control is pedoyrine difference of the temperatures of
the inner circumferential surface 121a and the rirameumferential surface 122a is 5 degree
Celsius or less. The above difference of the teaipees is more preferably 5 degree Celsius
or less, and the most preferably 1 degree Celsiless.

[0076]

For example, when manufacturing a glass subsfibatsmagnetic disk according to the
flow of the manufacturing method illustrated in FI8\, a lump of molten glass or softened
glass is caused to fall to perform the press fogminAt this time, as illustrated in FIG. 12A, on
the first die 121 and the second die 122, heatssitikld, 122d may be provided at outer
circumferences of the outer circumferential surfa@2dc and the outer circumferential surface
122c, which are opposite to the inner circumfesdrdurface 121a and the inner circumferential
surface 122a respectively. The heat sinks 1218d I2ay be provided so as to surround the
outer circumference of the disk-shaped glass blai providing the first die 121 and the
second die 122 with the heat sinks 121d, 122d, fleeatoccurs as illustrated in FIG. 12B in the
first die 121 and the second die 122 during thesgferming, and there occurs difference in
cooling between a portion at the outer circumfegesicle and a part at the central side of the
glass blank during the press forming. Consequeasyillustrated in FIG. 12C, as the glass
blank G after the press forming, there is formewdm@cave glass blank whose section thickness is
decreased from the outer circumference side ta¢néral side. Even in this case, the flatness
of the glass blank G can be the target flatnessgiged for a glass substrate for magnetic disk,
that is, 4um or less. This is because, in press forming tlassgblank G, temperatures of
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173Third conveyer 174Fourth conveyer 212Glass material grasping mechanism 401Lower surface
plate 404Upper surface plate 406Internal gear 408Carrier 409Gear 410Diamond sheet 412Sun gear
414Internal gear

portions contacting the glass blank in both theeintircumferential surface 121a and the inner
circumferential surface 122a of the dies are sulisiéy the same during a period beginning the
pressing with the dies until the temperature ofghessed glass blank G decreases to the strain
point.

The concave glass blank is formed intentionallyonder to efficiently perform the
grinding using the diamond sheet 410 at Step 4@r ekample, in the grinding, edge portion at
the outer circumference, which is thicker in thasgl blank, can be a trigger when grinding using
the diamond sheet 410. Further, machining allo@and¢he grinding can be half compared to a
glass blank which has uniform thickness. Furtheemavarp of the glass blank, which is
surface irregularity whose wavelength is longenttiat of flatness, is improved.

Difference of the maximum thickness and the mimmihickness of the glass blank G
whose section is concave as illustrated in FIG. (E28um or less, for example.

[0077]

After the press forming, grinding with fixed abias grains is performed for the both
principal surfaces of the glass substrate obtathealigh the Steps S20, S30 illustrated in FIG.
3A (Step S40). Then, through the Step S50, fioéisping of the Step S60 is performed using a
resin polisher as a polishing pad. Then, through $tep S70 to S80, the glass substrate for
magnetic disk 2 has been manufactured. At thig,tithe thickness of the glass substrate
obtained by the second polishing preferably rarigea 80% to 96% of the maximum thickness
of the glass blank G.

[0078]

Even with such embodiment of the press forming, dlass blank is pressed such that
temperatures of portions contacting the glass biarke press forming surfaces at the both side
of the dies are substantially the same during #reo@ from the beginning of the press forming
until the temperature of the glass blank dropsostrain point. Thus, the flatness of the glass
blank can be the target flatness provided for aggtaubstrate for magnetic disk. Therefore, the
glass blank is formed in a way that at least ongrfding processes is omitted. At this time,
glass blank whose section thickness is decreasadtfie outer circumference side to the central
side is formed. Due to this, the outer circumfegrwhich is thicker in the glass blank, can be
a trigger of the grinding, and accordingly, effeetgrinding is realized.

Note that the heat sink 121d, 122d is providedchwiiie embodiments of the die
illustrated in FIGS 12A, 12B, and therefore, hdaivfas illustrated in FIG. 12B is realized. In
order to realize such heat flow and manufacturectireave glass blank G as illustrated in FIG.
12C, an embodiment may be adopted which providéga source at portions of the outer

circumferences of the outer circumferential surfa2dc and the outer circumferential surface
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416Reservoir 418Coolant 420Pump 422Filter [CLAIMS] [Claim 1] A manufacturing method of
glass substrate for magnetic disk including a pair of principal surfaces, the method comprising the

steps of:

forming a glass blank by performing press forming to molten glass or softened glass with

planar press fQsming g %ﬁ@sl‘éfldéﬁﬁj"?@%E&W@ﬂ@%é@%&]ﬁ?@ﬁ/‘ 9RAE Yol SRR BIRRS 18 the

sandwiched from the both sides, and polishing the glass blank, wherein temperature condition is
equal|zeG%GHQhBQH@B&PW}%@@%I@E%@%Q%ﬂ%%ﬂg%@mﬁiurmg the pressing in the forming

step. [Claimoo)

(Examples, Conventional Example, and Comparativeniptes)

Hereinafter, the effectiveness of the methodtitated in FIG. 3 was confirmed.

The alminosilicate glass (57 to 74% Si0 to 2.8% Zn@ 3 to 15% AJOs, 7 to 16%
Li,O, and 4 to 14% N®) was used as the glass material. A pair of tliestrated in FIG.4
and FIGS. 5A to 5C was used. Temperatures of thespforming surfaces at the both dies
were the same. The above press machine was usedich a timing error when each of the
press forming surfaces contacts glass was 5 ms&ecordingly, a glass blank was prepared in
which the flatness was 3.9im, the surface roughness was 0.Qbh3, the haze rate was 20%,
and the thickness was 0.95 mm. By performing theve (b) to (g) processes to the obtained
glass blank, a glass substrate for magnetic diskokstained in which the flatness was 3188,
the thickness was 0.80 mm, and the surface rougiwas 0.15 nm.

Note that the grinding and the polishing were @anied with conditions of the grinding
and the polishing specified as follows.

- Grinding with fixed abrasive grains: Diamond shee

- First polishing process: Cerium oxide (averagdigla size; diameter of im to 2um) and a
hard urethane pad were used to perform the pofishin

- Second polishing process: Colloidal silica (agerparticle size; diameter of Qun) and a soft
polyurethane pad were used to perform the poliswiitiy the machining allowance ofpimn.

The magnetic layer was formed on the preparedsgtadbstrate using in-line type
sputtering apparatus. Specifically, the CrTi adhedayer, the CoTaZr/Ru/CoTaZr soft
magnetic layer, the CoCrSi@ranular non-magnetic underlying layer, the Co&SiELTiO,
granular magnetic layer, and the carbon hydrideéegtive layer were sequentially deposited on
both the principal surfaces of the glass substraldien the perfluoropolyether lubricant layer
was deposited on the deposited uppermost layer Bip@Eng method, thereby obtaining the
magnetic disk.

[0080]

The LUL (Load/Unload) endurance test (600,000 §y)newas performed to evaluate
floating stability of the magnetic head with resptx the obtained magnetic disk. The LUL
endurance test is one that checks error occurratidepf head after test, and abnormality
generation such as abrasion by operating the HEEd(Hisk device) for a plurality of cycles,
each of which includes Lamp and ID stop while the[His placed in a thermo-hygrostat of
70°C and 80%. After the LUL test of 80,000 times/day.5 days =600,000 times in which 10

31



The manufacturing method of glass substrate for magnetic disk according to claim 1, wherein
temperatures of the press forming surfaces which contact the principle surfaces of the glass blank
during the pressing are equalized in the forming step. [Claim 3] The manufacturing method of

glass subsipie iRk BAGREHE (iek A6F YA SHRHENt I s BATRIFETRS VT SoRlsBIe dfor all 10

positioned at the both sides of the molten glass or softened glass immediately before the pressing are

equalizedﬁm[?ﬁéefdﬁ%g step. [Claim 4] The manufacturing method of glass substrate for magnetic
disk accor@@gl one of claims 1 to 3, wherein, when pressing molten glass or softened glass with the

dies, contacts of the dies to the molten glass or softened glass begin simultanequsly, the dies

positioned at theotAGSAERES RRAYRItEN YRS} WHRGNEPEIds SRaRdsialP o B [asi e Lifly. 2
[Claim SimanufA&uriaguiastiotgonglaed eigiasasyksisatakesioragnefictiskirtcoadingteeles biank

wherein timing difference between contact timing of one gf the dies to the molten glass or softened .
lass and BN IG O FREBhHED ST BEES (TR Gl Loy Shet s R s P ROB s
less. [Claiot G]riedmianufectakiogemethbddifglass sBbstatarfomehgoistidaliskcacdizidng éonpeeatdire
claims 1 to 5,.wherein th%I g[lﬁé;s blank,is polishe inrt%%ﬁso{s in gtse%lgHr(face irreglﬁlari{gé)fttgl%ipairof

principal SUMHLES 'S0 Khék 95 IR CiilA g are hot fimi 0se
illustrated in FIGS. 4 to 8. A variety of modifttens or changes may be made without

departing the spirit of the present invention.

[Reference Signs List]
[0082]
1 Magnetic disk
2 Glass substrate
3A, 3B Magnetic layer
4A, 4B Magnetic head
5 Outer circumferential edge portion
101, 201, 400  Apparatus
111 Molten glass outflow port
120, 130, 140, 150, 220 Press unit

121, 221 First die
121a, 122a Inner circumferential surface
122, 222 Second die

122b  Spacer

123 First driving unit

124 Second driving unit

160 Cutting unit

161, 162 Cutting blade

171 First conveyer

172 Second conveyer

173 Third conveyer

174 Fourth conveyer

212 Glass material grasping mechanism

401 Lower surface plate
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The manufacturing method of glass substrate for magnetic disk according to claim 6, wherein target
thickness of the glass substrate for magnetic is defined, and thickness of the glass blank formed in the
forming step is substantially identical to the target thickness. [Claim 8] The manufacturing method
of glass g@ﬁstrat%fﬁéépgg%@%gjﬁ.{f@ccording to one of claims 1 to 5, wherein target thickness of the
glass substrate for magnetic is defined, and thickness of the glass blank formed in the forming step is
larger th&9%he talg@rfiabRR8SESs, comprising a step of grinding, before the polishing step of the
glass blapggthe gigggidlank such a way that thickness of the glass blank formed in the forming is
substantially identical to the target thickness. [Claim 9] The manufacturing method of glass
substraté* mag@i@ﬂ& disk according to one of claims 1 to 8, wherein flatness of the principal surface
is 4 jim ogi@ss, amidheptreipat surface has surface irregularity of 0.2 nm or less in roughness. [Claim
10] anufacturing method of glass blank for magnetic disk including a pair of principal surfaces,
the meth omp |'§ﬂ18 AE steps of: causing a lump of molten glass or softened glass to fall, and
forming agass blatderiml geewsing the lump with planar press forming surfaces of dies in such a way
that the IH%) is Sﬁ%%"é’}\(}hﬁd from the both sides during the fall of the lump, wherein temperatures
of the press forming SUMaces that contact the pair of principal surfaces during the pressing of the glass
blank arel@§ualizE€ddl@tdim 11]

420 Pump
422 Filter
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The manufacturing method of glass blank for magnetic disk according to claim 10, wherein flatness of
the principal surface is 4 jim or less. [Claim 12] A manufacturing method of glass substrate for
magnetic disk including a pair of principal surfaces, the method comprising the steps of: causing a
lump of mejtg ss or softened glass to fall, and forming a disk-shaped glass blank by pressing
with a pair of diesthe falling lump from directions orthogonal to a falling direction, wherein the
lump is dfedBhlh the forming of the glass blank from the start of the pressing with the dies until

temperature of the IWaR fEeRTF Y2 FEaid @OHT Hlasiclsanyauibabie mRiIgrS HEInafgns QYaress

forming surfaces at the both sides of the dies are equalized, the portions contacting the lump, thereby

making fRERSHELPHIERGRS LMRME AR SRFUR SR 436:368%ed for the glass substrate for magnetic
disk. [Claim 13] formihg aglastapitrir® neehramirgjase ssihstnisgalmagneiis sistoaeaegads claim
12, wherein temperature difference between the press forming surfaces at the both sides |s 5 degree
Colsius OBBHERLATEDS ToTHHD AR AR i P BP G L S A RS R e ered
accordingltsslaimahdwichgdfharethéhsotoefticisraad thermal expansion of the glass substrate for
magnetic disk ranges fromt30 t? %érﬁ? 7 (K 1). [Claim 15] A manufacturing method of glass

I :

10
substrate for magn ﬁ(r:"a%khl%cgfuad%ﬁg a pair of principal surfaces, the method comprising the steps of:
wherein temperature condition is equalized arotmedpair of principal surfaces of the

glass blank during the pressing in the forming step

[Claim 2]

The manufacturing method of glass substrate fognetc disk according to claim 1,
wherein temperatures of the press forming surfaddsh contact the principle surfaces of the
glass blank during the pressing are equalizeddridhming step.

[Claim 3]
The manufacturing method of glass substrate faymatic disk according to claim 1 or
2, wherein temperatures of the dies positionedhetobth sides of the molten glass or softened

glass immediately before the pressing are equalizéte forming step.

[Claim 4]

The manufacturing method of glass substrate fogmaac disk according to one of
claims 1 to 3, wherein, when pressing molten gtassoftened glass with the dies, contacts of
the dies to the molten glass or softened glassnb&giultaneously, the dies positioned at the

both sides of the molten glass or softened glassaidmately before the pressing.

[Claim 5]

The manufacturing method of glass substrate fognetc disk according to claim 4,
wherein timing difference between contact timingaofe of the dies to the molten glass or
softened glass and contact timing of the anothéheflies to the molten glass or softened glass
IS 10 ms or less.

[Claim 6]

The manufacturing method of glass substrate fogmaac disk according to one of
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causing a lump of molten glass or softened glass to fall; forming a disk-shaped glass blank by
pressing with a pair of dies the falling lump from directions orthogonal to a falling direction; and
grinding with fixed abrasive grains the pair of principal surfaces at the both sides of the glass blank,

wherein the;glassiBlankisrEnsne 1488 ARG BBFQW%QF@H%@%W%éWé&Qﬂmfgefgﬁ?r& YHED

the dies until temperature of the pressed ?Iass blank drops to a strain point in such a way tha
temperat®Psobipineieas B frees RirthmgaaprtarkaAm&hoth sides of the dies are equalized, the
portions contacting the glass blank, thereby making flatness of the glass blank into target flatness
provided for the_glass substrate for magnetic disk, and forming the glass blank whose section
thicknesi%aé‘@c?(iased from the outer circumference side to the central side. [Claim 16] The

manufacturing MegoehahokassusHHs tiadenied r@agm@éﬁ slisks pao Taligpte dar é&;dmthgrt@omuﬁmiag a
eherein BRSPS e Bt A i R G n  Es i B G SO0t s
maximurbltm&kioesredfithih glimsiitengtelClaisubsiantiaffineicabtuuthettaige tteithok s$.glass substrate
for magnetic disk according to claim 15 or 16, flatness of the formed glass blank is 4 m or less.

[Claim 8]

The manufacturing method of glass substrate fogne@c disk according to one of
claims 1 to 5, wherein target thickness of the glagbstrate for magnetic is defined, and
thickness of the glass blank formed in the formsigp is larger than the target thickness,
comprising a step of

grinding, before the polishing step of the glakmk, the glass blank such a way that
thickness of the glass blank formed in the formiagsubstantially identical to the target
thickness.

[Claim 9]
The manufacturing method of glass substrate fogmaac disk according to one of
claims 1 to 8, wherein flatness of the principafface is 4um or less, and the principal surface

has surface irregularity of 0.2 nm or less in rawggs.

[Claim 10]

A manufacturing method of glass blank for magndigk including a pair of principal
surfaces, the method comprising the steps of:

causing a lump of molten glass or softened glassllt and

forming a glass blank by pressing the lump witlinagk press forming surfaces of dies in
such a way that the lump is sandwiched from thé bates during the fall of the lump,

wherein temperatures of the press forming surféleas contact the pair of principal

surfaces during the pressing of the glass blankeaqualized.
[Claim 11]

The manufacturing method of glass blank for magneéisk according to claim 10,

wherein flatness of the principal surface igm or less.
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[Claim 12]

A manufacturing method of glass substrate for metigndisk including a pair of
principal surfaces, the method comprising the stéps

causing a lump of molten glass or softened glasslit and

forming a disk-shaped glass blank by pressing wigair of dies the falling lump from
directions orthogonal to a falling direction,

wherein the lump is pressed in the forming of ¢@ss blank from the start of the
pressing with the dies until temperature of the putnops to a strain point in such a way that
temperatures of portions of press forming surfatdble both sides of the dies are equalized, the
portions contacting the lump, thereby making flamef the glass blank into target flatness

provided for the glass substrate for magnetic disk.

[Claim 13]

The manufacturing method of glass substrate fagnatc disk according to claim 12,
wherein temperature difference between the prassifig surfaces at the both sides is 5 degree
Celsius or less.

[Claim 14]

The manufacturing method of glass substrate faymaac disk according to claim 12 or
13, wherein the coefficient of thermal expansionh& glass substrate for magnetic disk ranges
from 30 to 100 X 10 (K™Y).

[Claim 15]

A manufacturing method of glass substrate for retigndisk including a pair of
principal surfaces, the method comprising the stéps

causing a lump of molten glass or softened glassilit

forming a disk-shaped glass blank by pressing wigiair of dies the falling lump from
directions orthogonal to a falling direction; and

grinding with fixed abrasive grains the pair ofngipal surfaces at the both sides of the
glass blank,

wherein the glass blank is pressed in the forminipe glass blank from the start of the
pressing with the dies until temperature of thespee glass blank drops to a strain point in such
a way that temperatures of portions of press fognsiurfaces at the both sides of the dies are
equalized, the portions contacting the glass bltmdeby making flatness of the glass blank into

target flatness provided for the glass substratarfagnetic disk, and forming the glass blank
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whose section thickness is decreased from the oinbermference side to the central side.

[Claim 16]

The manufacturing method of glass substrate fagrmatc disk according to claim 15,
further comprising a step of polishing the glasankl using a polishing pad after the step of
grinding the glass blank,

wherein thickness of the glass substrate obtaw#dthe polishing ranges from 80% to
96% of the maximum thickness of the glass blank.

[Claim 17]
The manufacturing method of glass substrate faymaac disk according to claim 15 or
16, flatness of the formed glass blank s+ or less.
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