[DESCRIPTION] [Title of Invention] GLASS SUBSTRATE FOR MAGNETIC DISK AND
MANUFACTURING METHOD THEREOF [Technical Field] [0001] The present invention relates to
a glass substrate for magnetic disk having a pair of principal surfaces and a manufacturing method
thereof. [M@rﬁwﬁém [0002] Recently, a hard disk device is incorporated in a personal
computer, a notebook personal computer, and a DVD (Digital Versatile Disc) recording apparatus in
order to IdERPHEMERERALUlarly, in the hard disk device used in an apparatus such as the notebook

personal spapLtesbASSHRA O Y . A AeKEstic disidk whikiba MAMSHA EYeRMNSRIEdoD a
glass substrate is used, and magnetic recording information is recorded in or read from a magnetic

layer usif{dﬂg'ﬁ%@ﬁetic head (DFH (Dynamic Flying Height) head) that is slightly floated on a surface of
the magnetelthadaswitg. A glass substrate is suitably used as the substrate for the magnetic disk
because sré%@t te is hardly plastically deformed compared with a metallic substrate. [0003] The
magnetic ing density is being increased in order to correspond to a demand for an increase of a
storage capacity Tin¢heresehtisk datime reltexan pleglassagiestoatenagiotiondiskn ateingreapaifirefly
formed usiln a erBﬁngcnglrﬁéna naeticfée orriglin%aﬁgedrbj‘g vevhich a magnetization direction of the
magnetic:IO fayeP 5 SrieAted toward Adireation pgrpen RURFLS the substrate surface, which allows the
storage capacity to be increased in one disk substrate. In order to correspond to the further increase of
the stor EEIQP&M EN ating distance of the magnetic head from the magnetic recording surface is
extremeﬁ%esa}]o enedﬂtof rm the fine magnetic recording information area. In the substrate of the
magnetic 19K2he magnetic layer is formed flat such that the magnetization direction of the magnetic

layer is oriented fouardhine;diGeligR IS RHRAYE! M RS RS AT IREB AP HHRBIRE SUEEB0bRESEI Al

the glass substrate is formed such that surface irregularity of the glass substrate is decreased as much

as possilseMnputetcasibRe RMPHIGRIBIERHIYIBFEI 6 IRISPhIGHOME ARBAraBLHY TRISES Ahsaasrlsata.
trouble opghe/IAA) ABRPIEY HiRLEISK BEGRIESESEE TS HRRIeS AR-AeeRECAONIDBTHEIRIHEOERRY, Ry

a particle on the magnetic disk surface, the glass substrate is formed such_that the surface irregularity

in an endfREi9 AR HRIBAR AIRFUC K B WINR i HBHRIBY &6 eGP s rfRes fate Iz
press forgyag, raatheskene wclleaidrainethramegivreisknadhines Breihechios MamHaat e thesahpet

Ol M e hsad TSR (Bymamic Eing Heronts eacs s Sighih, foated on al Surface of the
magnetic disk surface. A glass substrate is dyitaded as the substrate for the magnetic disk
because substrate is hardly plastically deformexpawed with a metallic substrate.

[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 iemed 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 of dfugage capacity, a floating distance of the
magnetic head from the magnetic recording surfacextremely 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 glass substrate is
formed such that surface irregularity of the glagisstrate is decreased as much as possible.

The shortened floating distance of the magnetadheasily causes a head crush trouble
or a thermal asperity trouble. Because these kesudre generated by the micro irregularity or
a particle on the magnetic disk surface, the ghgdsstrate is formed such that the surface

irregularity in an end face is also decreased ashnas possible in addition to the principal
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For example, Japanese Patent No. 3709033 discloses a press forming method as the method for
manufacturing the glass material that becomes the base of the glass substrate used in the magnetic
disk. In the disclosed press forming method, a glass gob made of molten glass is supplied onto a lower
die that ig gfagking gob forming die, and press forming is performed to the glass gob using the lower
die and an upper die that is a counter gob forming die. More specifically, the glass substrate used in
the magnéﬂéJ k is manufactured by the following method: a glass gob made of molten glass is

supplied onto a |%W6Fé§§ tokimg bﬂ@l‘i‘f&ﬂi gahdomrfa;aﬁt'@ %@ﬂ@d@rmgmaﬁrﬁoaﬁea thiBdHassr
gob to prepare a sheet glass material using the lower die and an upper die that is a counter gob

forming ARG SHSEERRGEMARFRI TASHAL ANAtPEFARRIREa b e WRSiRSHRSIIGH Qté%g in the
substratenmic disklowever, the surface irregularity of the sheet glass material formed in

accordan ;@ v§ the conventional method is not sufficient for the surface irregularity accuracy of the
principle rq s for the high density of the magnetic recording and the fine magnetic recording
information areaFor mmpmp@pmmmm sleed plessatisiil passe | tbraibaseraghotlissppied
to the die SL{H‘% in orderftac rﬁ\r/]e the assnr‘,zlttatre{!1 | fr m fus# Ig o the %surf%ces 0 tS & ybpe eg
and lowerdie oThe surace roug € principa sur ace o ag§m§§e? aPR Acreased
becausetbetheagudticaelésdse algethe mlsetesechmaege ﬁmmﬁmmhedtpm@ase gdtereade bétwekentyassper
die and t [ I t

supplied %@%ﬁﬁﬁf&ﬁ%ﬁ%& egévsge%% HQJ%ace pl)%ira%ﬂég% ref%@@ u%eppsté‘?ﬁ)l‘?‘ned 0
temperatihe gisggsogabnuaingtitkrevstitietRntonthd Poatisitdh e glaste maesi s Hmid th diglandwe
the plates gt atideof iR phreLals s ate! Atk Rken piiiiom e sie AeCioRalifly

also has a distribu e thickness direction of the formed sheet glass material and in the plane of

the plateMeiBoshcatness gpRenare ehs)aiangRsntstaERIEe o Rt fohnekingaab
glass mafgiging BR:; gﬁ?&{@ér&ﬂﬁaﬂ perWchéHGté*ﬂﬁ@@%’e?& t@%%‘?dr‘ébaaﬁl‘%ff’élﬁk% Qﬁat/é}“ﬁl%nﬁhg
es

press formin metho is necessary that the flatness heet glass material elmprove up to

the flatnd88 Q&L‘ﬁFéHeaé'éd FaPOR GBI BGREICHRE EiEr A JHR (ARG Phrotdss fmaterial is
performerd e & locgtoiars maieHababiediHie aeepsfryRisgsttaeseby improving the flatness of the
glass material. However, performing the grinding process becomes an additional process in the
manufac Bﬂﬂg]of the glass substrate for magnetic disk, and further performing the grinding process
caused a "roll- ofﬂ-mmldvsem the slinzics,iaeyatdrinnof ahevehees girmtad 4 fantilyd imhipcaased de thith
grinding process b ﬁa the lat ess IS notgs %)]topl v hﬁﬂ heec?rnven |oran éJressaform etrhn W’rf
example TR MARRINAG RIDWAIRE & BBbHIETH With %%nvéﬁﬁés'naaf SSY6RRINg BTGl
the mactaunf@:alskomndeﬁshrghedeedlty thé thimdimagnetce seiaydeep claekfisgemagiet dnréwosdirigce
of the sh 'quﬁ %%éal Therefore, in a polishing process subsequent to the grinding process, the
machining a owance olishing quantity) is inevitably increased such that the deep crack is not left.
Here, when the rhactexagRiBowafareisinthhe siwbinolas poiisrigholdosieasenagsnttie rpRlicddmtee
grain an B IRRIBAISNGEAS sl B arsh IS AR BieuiIRRILE I RO i

rounded in the principal surface of the sheet glass material to cause a "roll-off problem" of the

portion. P&k ISWRScHifse thBehsighderhtBoineRs Ritdheidieiidatal ediepshast @laéarf@@éerrhadh@
sheet glagg imaietiahat SinlansetReiwRAA fefRRoRgEMayekrRddhiaonRRichadskiRihe difference

neighborhood of the outer circumferential edge portion becomes Iar%er than the floating distance of the

magneti®RBABSA IOHRLHOAY the IME SlipsRattiRpaieno WRETEIREMRSS BRibEAdIRIR TR

sheet glagasnaipaed@alfhp giagsofisbsthricorhbs waCedmparanBdedirreraied hntatiserdeperature
neighboéq od of the outer circumferential e%%mﬁ%tlon has the roanded sha?e As a reﬂéélt the

recordind BESRSRIAGEE AiSHL BE R R QR4 BIEKREEHRLRHOD & JhRER $HEGhARSS
Iay%r itr)tI th&at@tghbﬂdm%d plahe @ﬂtwewmalt‘r;aramhlakamgfmmeoﬁhmgoos sgthesreﬁard@allermds talken

able regjons uce S tnhe em eca as
atorial AL ETE e A e e Rt e LDicvss rssbeS R e R mg et
takes a rglaﬂseltyalmmr anuke ito rerfptemthetimeliptaprocddwetiay iastse“rmtetr-lataseea,santd)th&nphand

"roll-off p Saef gttﬁgsgyoﬂh M%c%%rﬁgg ﬁfg sn OC[) eeo ther hand, with the floating
uous

method, ass material'is o tame y con owmg e molten glass in a bath filled
with molte[lﬁl(h@éﬂal such as tin. The molten glass is flown along a traveling dlrectlon in the bath to WhICh

an exact temper e F‘Bﬂt‘cﬂ ﬂéﬂ%? P&%“f eﬁ.é‘fﬂ
adjusted to desire thlgﬁaeess an@wdtﬁ{ Theasheet ass aterl%?) that b eBcomes se of&t ass
substrat'gseasAhatdpadtanase @fdheahaﬁéﬂlasélgme Inwavegeuamétmélatmswfae@umﬁ@s a

bath is kept horizontal, the sheet glass material obtained by the floating method has the sufficiently
high surface flatness. [Citation List] [Patent Literature] [0010]



[PTL 1] Japanese Patent No. 3709033 [Summary of Invention] [Technical Problem] [0011] In the
other aspect, a predetermined impact resistance is required for the glass substrate used in the
magnetic disk. Therefore, a chemically strengthening process is performed to the sheet glass material

that becqipes BaRasRLIINalGssRUGRIAETH QHSker A9 %%Hé%é”i%’%%?f@ﬁi%@“ﬁbetﬁétgﬁe@ﬁf%ss

substrate. The chemically strengthening process is performed as follows. A mixed solution o
potassiumaieiaé iRl $0ai0resuiRIPIRASBAres BHERINAII s tAE HIRPRISHORIEH ex EViHe

chemicalhe HsARENBERRIYEABIHG DI® bestasbiy ARG ARfilproee 3 ample iRl fAG YRR 6f theegihss

glass material is preheated to 200C to 300C, the sheet glass material is dipped in the chemically
strength&MRBI<BRItIBh BRIMEUF HdiSts. fm%r@fé‘i‘%e,ﬁoﬁﬁerrég%ﬁ%@%&ﬁmiﬂgs%%ﬁ%rFaHaeSot%séfeﬂhPﬁ)n

occurs inpfiedlewiface layer of the glass material to form a compressive stress layer. Accordingly, the
crack that is possiply generated in the syrface of the glass material hardly pragresses to the inside of
tho glass materol MRhdSedhDRRUN O S AICUADEr (LA A AUHE RENRAat) QARG s
has the thataness tieabatinds3 e 200 ongf@A1Rjth thid murver prass thendingnictty dtrergtheringple,
process is performed to the extremely-high-flatness sheet glass material obtained by the, floatin
etnon, DA AR b AUSHA L Boset B A AL B RAUBA RiRe LOTUAY BHEEFacgvnen
material Yigtanachbyingedflostanycenethiodyeatadiffutiendagdirtnaess) a ttieekmesaalf sbganetateddnjithe

< ovitab| : ; = . : |
and e O e SOl HESS HATERE o e e B G ookl ISR e (RS Rl
process R/peerFnibe Hakbisingatmuaneatarlisirodipisideeidiatiy tactegsadestithfihaicke deep
because (e RADRERSEIE SHERS, IMMRIE IRENAd aHiHG S RHbaTS SISO #REPAIBRIEY S ess in

presence or absence of tin diffusion layer. Therefore," when the chemically strengﬁ\enlng is performed,

it is neced&iF) the PERRRRGASIYEADr RBFhANMGaTE thetFResiesERy Y EPIERBATIRAPH ihdhg patar
in which ghe tim@ifbsian ISoptRAUEEFonHAe S ieehe ppmMaigdakoBtane Ry dheyfralincfaatiod:

[0013] In summary, with the conventional press forming method, the grlnd_inghpmrocess is required

becauseciﬁe%‘fhée“tr@lhgﬁf praiearhalihg REQS RYERDY fRdecaseohiainsRaraRdipatisgouter
method, ab@wasr gmiéh%@@@ﬁ@rﬂaﬂtﬁaw@v?wth@ ﬂ?]@‘iﬁﬁﬁéssfllamaﬁéﬂs, Oéotal'i@@gwdbﬁtwmé' ey ghe
process Is require to remove the tin diffusign layer of the m rial surrace. n the over ra,
oo vyl kel g i At e e I S Tl
magnetigdisiohdxiog s dangbsuhaca e dgidanty distanfodywand gngac heesisiarretl ol photioto of the
Problem] [0014 In accordance with an.aspect.of the invention, there.is provided a.method for
et s e e R ReR R R e R M T s egpss
includingstiiesstaies of Tierfaunfagepressgicdaning i geteratpdadse ptepareigisbhediapdsomaberiaiutae
sheet gl ial havi r ess, of inci rface of Jim or t latness
of a glasa§ Ecu[ﬁﬁtﬁga@l' g'c])@ mgg%r%e{sl)g %Fs;b ﬁ%grﬁ%@%%%%t%ﬁn% ﬁnergs e%t{glgs%%rn%ziﬂeaigl %@g}égﬁg}? §1e
sheet glm'l@ﬂial o ar@énagawiwee@_ﬂh@nﬂwg\gmpm@m@m ainathmemmtk@ ftaper in the
Compresﬁléﬁ%ﬁﬂ%l?d’ Jrahleiien J:'ﬂ%tﬂﬂ.'f&'@ﬁ{iéP%fa%%%&ﬂrlherﬁg‘?%,gfﬁésret%ﬁ%é%lé%ﬂbﬁéadable

preparing a disk substrate; polishing the principal surfaces of the disk substrate by pressing the
polishingrﬁg@@@é’frﬁsfftﬁé%cipﬂﬂgm&i%igﬁé‘ﬂl@m&te while supplying a polishing solution
including inhing material between the disk substrate and the polishing pad, and relatively moving
the disk substrate and the polishing pad. In the method, a thickness of the sheet glass material

prepared in the JRESSHSENING SRGFISIRTR MR kAYEDthibe Bl BpiRe S48 Usiateee \WitlgHisic
disk by acepNehineritaéysoféhaingneipt sdfrog iR iR@Etedhger time to perform the grinding

process that is the post-process, and then thédffoproblem” is generated by the grinding
process.
[0009]

On the other hand, with the floating method, theet glass material is obtained by
continuously flowing the molten glass in a bathetll with molten metal such as tin. The
molten glass is flown along a traveling directionthe bath to which an exact temperature
operation is performed, and the belt-shaped glédm is formed while finally adjusted to

desired thickness and width. The sheet glass rakhtivat becomes the base of the glass
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[0015] Accordingly, the formed sheet glass material has the principal surface roughness of 0.01
Jim or less and the target flatness of the glass substrate for magnetic disk. The thickness of the sheet
glass material is larger than the target thickness of the glass substrate for magnetic disk by the

polishingsgpanipe id8g FlaRe SHRgHaIR iHisRIBETE HiheRGSRYSAbHShast slare MRk abiakess)

through the press forming step has the good surface irregularity accuracy, only the polishing process

is perforthed g ihdSsHESE J1asE PhirbritIanShect Mlase HEHORANG®sINBUleRERBITBME Prdeasdshe

having thg mgehiNeigieyaaee grIshan that of the polishing process is not performed to the
principal surface. The good impact resistance is obtained by the compressive stress layer formed

through tﬂ%téﬁemdémy strengthening process. Therefore, the glass substrate for magnetic disk having
the good[puttane ifeagtliaslty accuracy and impact resistance can efficiently be produced. [0016]
Preferablyd@mress forming step includes the steps of: causing a lump of the molten glass to fall
down; and ng the sheet glass material by performing the press forming to the lump while
sandwicliiripliig lump between surfaces of a pair of dies from both sides of a falling path of the lump,

the dies ein%diss%%seignqwgsg?%other, the dies being set to substantially same temperature.
Accordingﬂp, &%hedl glass material having the principal surface roughness of 0.01 jim or less, the

flatness necessary as the glass substrate for magnetic disk, and the target thickness of the glass

substrat r.wﬂgﬁ ' ﬁ{l%}ﬁ be prepared by the press forming. [0017] Preferably, the pair of
dies is oié%e Im eéglijate y%@t@r the press forming is performed to the lump while the lump is

sandwicl&edbeialdrreidesntfaces of the pair of dies in the step of forming the sheet glass material.
[0018] Pr Eﬁ;ﬂ)]y, the target flatness as the glass substrate for magnetic disk is 4 jim or less. [0019]
Preferably, the manufacturing method of glass substrate for magnetic disk further comprises the step

of scribing the sHBGIABENAERRFLERERIFIREMRIAANEBRY SREaHE pridkat feleiqaiast substrate
Preferablyseigidsheyhalat forRIRINT e @rkrénal hernaingiyiadndnsrabeys masuHBrERdo the

method of glass substrate for m%fnetic disk has the principal surface with the flatness of 4éim or less
and the rfifin@'esDosenial shadLecrmRIg SRR B RsVatedn Qe i ImpiyasBedmpact
method farsiambacie g glassibatatte for magnetic disk is able to efficiently manufacture a glass

St for g emically S entRening plocess T Bettoramsdofbue. ANmxea Sotton of
potassium nitrate and sodium sulfate is used asemically strengthening solution. For
example, the chemically strengthening solution eatbd to 30TC to 400C. For example,
after the washed sheet glass material is prehéat2dCC to 300C, the sheet glass material is
dipped in the chemically strengthening solution 3oto 4 hours. Therefore, ion replacement
with sodium ion and potassium ion occurs in thdagar layer of the glass material to form a
compressive stress layer. Accordingly, the craek ts possibly generated in the surface of the
glass material hardly progresses to the insidehefdlass material. The compressive stress
layer formed through the chemically strengtheningepss has the thickness of about 50 to 200
pm.

[0012]

However, when the chemically strengthening procass performed to the
extremely-high-flathess sheet glass material obthiby the floating method, unfortunately a
warp is generated in the sheet glass material. t i$ha the sheet glass material obtained by the
floating method, a tin diffusion layer having adkmess of about 10 to 50m is inevitably
formed in one of the surfaces of the sheet glagemahby tin used as the molten metal, and the
tin diffusion layer is not formed in the other agé. When the chemically strengthening
process is performed to the sheet glass maten@lwarp is generated to degrade the flatness

because the compressive stress layers formed betburfaces differs from each other by the
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[Brief Description of Drawings] [0022] FIG. IAto 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 a surface irregularity in a sheet glass material or a glass

substrate,osefle ismYiswdldstipingaden plrmanwsaingmabodantiany sHsiatR g is

magnetic disk according to an embodiment of the'invention. FIG 4 is a plan view of an apparatus used
in press REFIAG A FIG 1B NecesRAg ARG s BOARIVIRVSIRISERMYY 8n BRaMpI€IFH IR I8YEFoPRing

pefformeﬁeﬁbﬁhﬂeéﬁ@%%&%@iH-whicﬁ'fﬁ@ﬂﬁ%ﬁi&%%&?f% ' tegirating §ﬁ@3'teélﬁé§'ﬁ@@eﬂhl
the press formlgﬁgerformed by the apparatus of FIG 4. FIG 7A to FIG 7D are views lllustrating still

another SRIAMRY R Ha8L G ARG MRrformed by the apparatus of FIG 4. FIG 8A to FIG 8C are
views illugpatirg still another example of the press forming performed by the apparatus of FIG 4.

FIG 9A and FIG 9B are views illustrating a double-side polishing appgratus used in first polishing and
cocond motishim By ST A G ST (e o S E OGS 6D 28y MO R e GG LR B o
substratedquireap betiaubekthadshapasgasshateateifd haaggeficdiakyadeondsy) ito ot emfaduiohent/vitithe
present ipvention will be descrihed in detail pbelqw, ElIG. IA.to FIG. 1C.are views, illustrating, a.
P ereid AT AL RERES tacs faflmlifi Tne RN B et R dnea.
inventiorth@®@ping process is required to remove theliffiusion layer of the material surface.
In the above regard, an object of the inventiotoigprovide a method for efficiently
manufacturing a glass substrate for magnetic disknly the good surface irregularity accuracy

and impact resistance.

[Solution to Problem]
[0014]

In accordance with an aspect of the inventionrethis provided a method for
manufacturing a glass substrate for magnetic diskuding a pair of principal surfaces, the
method including the steps of: performing pressiag to molten glass to prepare a sheet glass
material, the sheet glass material having a rouggnéthe principal surface of 0.Qxn or less
and target flatness of a glass substrate for megtisk; chemically strengthening the sheet glass
material by dipping the sheet glass material inhamucally strengthening salt containing an
alkali metal ion to form a compressive stress latdeast on the principal surfaces of the sheet
glass material, thereby preparing a disk substaéshing the principal surfaces of the disk
substrate by pressing the polishing pad againsptineipal surfaces of the disk substrate while
supplying a polishing solution including a polishimaterial between the disk substrate and the
polishing pad, and relatively moving the disk sudtst and the polishing padIn the method, a
thickness of the sheet glass material preparetianptess forming step is larger than a target
thickness of the glass substrate for magnetic lolysi& polishing quantity of the principal surface
polishing step.

[0015]

Accordingly, the formed sheet glass material hasprincipal surface roughness of 0.01
pum or less and the target flatness of the glasstmegor magnetic disk. The thickness of the
sheet glass material is larger than the targekilegs of the glass substrate for magnetic disk by
the polishing quantity of the glass substrate fagmetic disk. Because the sheet glass material

obtained through the press forming step has thal gooface irregularity accuracy, only the
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(Magnetic Disk and Glass substrate for magnetic disk) In a magnetic disk 1 of FIG. IA used in a
hard disk device, layers 3A and 3B including at least magnetic layers (perpendicular magnetic
recording layers) are formed on principal surfaces of a ring glass substrate 2 as illustrated in FIG. 1B.

More spegiiishllg FIBeHEE ROpEMSHAS 1 S shedl GEBETNPIIRYRE aFPitBARRR R Siofess, but

non-magnetic underlying layer, the perpendicular maqnetic recording layer, a Ee%)tective layer, and a
lubricant 2§ &MAERG RiesRaRy BRI eRBREREHIE Al CABIBS/ iH a8 a HdRRIREYRINGyRIOGRRSt e

adhesivendy A6 ABOKBNGIMEGHEP KNG RIesS Subrlryeaiphier ?¥aBRIfcd (0 Ay 53R

as the soft magnetic layer, a granular non-magnetic layer is used as the hon-magnetic underlying

layer, anBOTHHERHNE mEGREtaYS) dPIEGSe ARl (NS SASISSRGAE REE6RTRy Idys gitre. the
example giagzaigisdieamriaivimagmarn hyididrdsingethasghamigiertvgury Ry, acdrdtiprinei rasipast
used as the lubricant Iay(:,ﬁ. [@0%5] Th?e magnetic disk 1 will be described with a more specific
exampler%'(%ﬁri‘%%lﬁggi\? e é‘rt,yat@oqg HE&fcoTar soft magnetic layer, a CoCrSi02 granular
non-magn@ddenhderlying layer, a CoCrPt-Si02-TiO2 granular magnetic layer, and a carbon hydride
protective layer are sequentjally deposited in bath the principal surfaces of the glass suhstrate 2 with
B imine type SO Hp A o A S, e i e e B R B ot
layer by gldisptogatiedovchicafutfotinemgaiipecsicday @la Senmtbmhddond]ng thes itess dtetindIG theE,
magneti ! ' ice fl [C.ei m in
the condl i o e A e e ! S et e ¥ R,
H in FIG padhisBhenlumphidigslias theingagisprsee appasiEnatherrdberdiandesag prédessobstantially
informationin.aadh epaihie magassiciays! snEshieringsafithm MAKGEtc PRACRHANSARIABGaRIFRSRlY
record and read the information in and from the magnietic layer of the magnetic disk 1 without Sliding
the magrfétid Gbas U Aessd U Jatbans ResqseacYBretnthe Febfpinganatiahgineticd deertaret
informatigiicaiessand hghyRRRsEyHiAR MAIRGHRAEAERIBIIE prefirdtisnyiné Bres8iaRpIgion of the
glass substrate 2 of the magnetic disk 1 to an outer circumferential edge portion 5 are precisely
processe # }arget surface irregularity accuracy, and the magnetic heads 4A and 4B can be

precisely operateprutbiteriye Histpareot méaho Wz nat immestialangh the Prevsfasaiiegiaeresess

performed to the surface irregularity of the glass substrate 2 does not include a grinding process
aving o Pl LB AE IR Ao OP R NS A S SR LB [ SiRyC"
processesinaivigghrelsiigetygimsslhmagetianing allowances. [0027]  The principal surface of the glass
substrate @tﬁgj in the magnetic disk 1 has surface irregularity in which flatness is 4 jim or less and
surface roughness is 0.2 nm or less. The flatness of 4 jim or less is target flatness required for the
glass substrate f&refagixyictésiaaget fiagao dadhd-glassasip ) thealipieks sliski ddnmadsssed with a
flatness tiﬁéﬂgT-QOO manufactured by NIDEK CO., LTD. The roughness of the principal surface is

y

expresse rithmetic average roughness Ra defined by JIS B0601:2001. When the roughness
ranges from 0.008rgferadBOaen Manekaetiplie ahe edethnels glasa dsatEsdo witegnetighdisks further

measuring maghine t%‘é‘%’c@ﬁe'@ﬁ%m e%EyMEHEoé%@F%%%e@Hdtﬁ‘@ fBHA %%ér“ﬁtna% the

computed by a method defined by JIS B0633:2001. AS a result of the measurement, when the
roughne$PIS0I03 $tEHr less, for example, the roughness is measured with a scanning probe
microscoqg@mmic force microscope) manufactured by SIl Nano Technology Inc, and the roughness
can be computed by a method define%\lls R1683:2007. In the embodiment, the sheet glass

b
material of pre-pEIEHfFEPYoR LSS PHOSYRED \tHMREREHGHASYs IH dRSNMIRFHERRIMY, R AeAYRiss

substratefAsERAIITHI R BeausedsyiBtHaeSEHNABE Mgk & By IS GoRecpEIBIgfaceewith the
microsco%(la). [0028] FIG. 2A to FIG. 2D are views illustrating the surface irregularity. The surface

iregularitA 6T B O HIRABERRGRSLINF LHINGSS A DMy & Eizvelength of the irregularity.

[Advantageous Effects of Invention]
[0021]
The above method for manufacturing a glass substa magnetic disk is able to
efficiently manufacture a glass substrate for méagraisk having the good surface irregularity

accuracy and impact resistance.



Specifically, the surface irregularity is classified into heave having the largest wavelength (wavelength
of about 0.6 m to about 130 mm), waviness (wavelength of about 0.2 Jim to about 1 mm),
micro-waviness (wavelength of 0.1 pm to 1 mm), and roughness (wavelength of 10 nm or less).

The hea\{gm%ﬁﬁgﬁgp@émﬁéatness as an index, and the roughness can be expressed by the
arithmetic average roughness Ra as an index. [0029] With the manufacturing method of the
embodimdfAP3Rk sheet glass material of pre-polishing process obtained after the press forming has
the following propedy: fhae touganese ohtbe\ERsI M St iz Q2lmedsiesreparking dMpessdiass
the target flatness of the glass substrate for magnetic disk. The sheet glass material prepared by the

press foriMPglifte IfHRABREUGAHSE ARSH HRA PR FIRRABERIINGNYRML ubstrate for magnetic disk
by the polishing quentix &f thepelishiroysogeiristiRaiig, dhauibikkegsiafyihe sharidlasssy atetialigf
the post-press forming is the thickness added to the target thickness of the glass substrate for
magneti 5@@%34&%{@%duct by the small machining allowance of the polishing process. The
glass substrate fei@ ) etic vk idlypsepdrgd avitbaubperforanotating griethiodg pooagassos sustiafahe
flatness anéj t#gt.th}ﬁléﬁescscgor |hne stheet %lr%%% iatgrrlital P{ﬁ@j&onst-press forming. For example, "the
target flatnads of tie glgss 0L A%e0r mag Chc Gk 1SR 3r less. The reason the surface flatness
of the sheet glaskfaateisah iplaptiiew of anleppiahiss treefdnspsofitpofass Substrate 2 used in the
magnetic disk 1 i intal ef |c.he 4 r

recording and reﬂ%ﬁ?ﬁ%&%ﬁe&&é@ t @gsqwﬁeae? %I%géfm n@tgé%jlq‘ﬁg\sl%r?gbmﬁ%qi cﬁgﬁrﬁgga@g
roughnedBe&RPBIaISIAEELGtHE target flatness of the glass substrate for magnetic disk, and the
thickness larger {han R tagoidicknesseof s glansSHRRRtS IBIHBRINBIE Upkihy thrBolirtingn
guantity of the principal surface polishing, can be achieved by the press forming of the embodiment.
On the oBRSFHEIRS thetBRaIRARR- MatdNS Having the principal surface roughness of 0.01 m or less,
the target flatnesg ef tha grsgubsiraie forenaanaysatisly and diRdhickartsdasganthandbe tarafhg

thickness of the glass substrate for magnetic disk by the polishing quantity of the principal surface

polishing? @HAHBEAL YRR ARRBRIHE ebRlfEnfional press forming.  According to the manufacturing

method of the enghgdigrens, &fier e BresyitRimastheitpssisdintaexknpladetitedisie Sa\inenihg
flatness of 4 m or less fhnd the surfac%ﬁ%xéhness of 0.2 nm or less can be obtained through the first
[

polishingp&rg)%ggg%mf & Q@@@ﬁﬁtﬂﬁl 'pAfocess. [0030] At this point, the reason the surface
roughness of therile@Aglasd MEteEs ofrtheiposi-phessdionmingdeasitito Palishingrdepaiatoscasse in
surface rplé?hn(]es%can ba aCeijéJS'[ d top]ohz nm P¥I§ two-time polishing process without increasing the
machining alRWance £J hser,(\)/v R U 3EE TBughness is 0.01 m or less, the scribing can
efficiently be performed to the sheet glass material. The surface irregularity of a sheet glass

material lg'glgrré% &?Wﬁﬁﬂ%}%,ﬂq&? g the surface roughness of the die in the press forming. [0031]
For example, aluminosilicate glass, soda-lime glass, and borosilicate glass can be used as a material

for the glal§¥)83bstrate 2 of the magnetic disk 1. Particularly, the aluminosilicate glass can be suitably

used in that Che'ﬁi‘?ﬂﬂ}ﬁ&fé%ﬂ%‘ﬁ%:‘m&ﬁ@a e %&9@1&%&%%‘}}1?&&@%9}9%95 3% el HAReRE Yo

disk excellent for the flatness of the principal Surface and the strength of the substrate can be
preparedNagnAtitheiflc angeteingtite adegneasimastiaf iSerRbNeItRR Wiirkedassrieed oh sietail
74% Si03eihin. 2.8% Zn02, 3 to 15% AI203, 7 to 16% Li02, and 4 to 14% NaZ20 is suitably used as the
aluminosilicate glass. !OOBZ]Fi%anufacturing method of glass substrate for magnetic disk) . FIG. 3 is
a view illustratind 4t aitantfadiGing et einfamadasiste RRLBHRAR Bk Nthe glass

embodimgistateedianaefelie disk iitHobaugipieaessiti &rieen>50 and a second polishing process
in Step S7Q corlstitute a surface treatment process of performing mirror-surface finishing to the

principal d0948% of the sheet glass material. The sheet glass material is prepared by the press forming
(Step S1Mabreticapgicarsharhgiossosaiesidabhamtireetik) dis
In a magnetic disk 1 of FIG. 1A used in a harkdisvice, layers 3A and 3B including
at least magnetic layers (perpendicular magnetiordéng layers) are formed on principal
surfaces of a ring glass substrate 2 as illustratddlG. 1B. More specifically, although not
illustrated in FIG. 1, an adhesive layer, a sofgnedic layer, a non-magnetic underlying layer,
the perpendicular magnetic recording layer, a ptote layer, and a lubricant layer are

sequentially stacked. For example, a Cr alloyseduin the adhesive layer, and the adhesive
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principal surface roughness of 0.01 jim or less, the target flatness of the glass substrate for magnetic
disk, and a thickness larger than the target thickness of the glass substrate for magnetic disk by a
polishing quantity of the principal surface polishing. For example, the press forming is performed

with an agparaligsilistaie dh '%yérafbdtﬁ%lésg e BRSS %@%ﬁ@k@'ﬁ%ﬁ%f%m%qé’%b@”as

apparatus illustrated in FIG. 6, FIG."7, and FIG. 8. FIG. 4 is a plan view of an apparatus 101 used in
the pres$tBraffigNAEDSTS 1BYShra GEM RO SIPRAPARSHRY AP WisRA At AEPAPANTIBEIRbIMI4NAR HIESS

forming wyri apiwed dranufapiciadresid P! i@hEéQWBF&C neti@Neypangiayél For

illustrated in FIG. 4 includes four sets of press units 120, 130, 140, and 150 and a cuttingf unit 160. The
cutting uRXABB!R: BroVALRHRO FANAINNS HRERAB T GRR SR HRRIBIRGHYM 13X RbIRM ARSI LGS
port 111 jdnthelappiiaiupdédntadysrp of the molten glass cut by the cutting unit 160 is caused to fall
down, anjéﬁgéﬁmp is pressed from both sides of the falling path of the lump while sandwiched
between s of a pair of dies set to the substantially same temperature, thereby forming the sheet
glass material. Th&peatfietity diskillustitied trebtGhbdd invithe sappEu@tific EariEdour SeTd atihessee
units 12Q, 130, 1 0 ar vided at intervals of 9 ees arqund the molten.glass, outflow
port 111125 SRR AT A S S B A ST R A R R DR
temperatianedifée@oCeRieBMBEQ a (ramesaturadgiiedtiprizgge foranid gas asidmn di yusideaa st layjrg die

constituti ] t .3 pr. ' e fopmi

e s 100 B B e AR W BT T Wb,
preferabl§piéesingo RREAAS of e asfiyssanalyetis reatsiayeCisvdepositethpe therenpietmaaidayer
exists in @faoamﬁ%rmmwE@@gﬁt%@ém@ﬁgr@%%@@g; forming surface" means a
temperature near a center portion of the press formirig surface. Preferably the lump is brought into
contact witB®8l surfaces of the pair of dies in substantially the same timing, and the press forming is

performed while e iiusRdsesprfnieNer Dok R feraadaces AaierRAh ARSI RSERMBHY

same timing. "The lump is brought into contact with the surfaces of the pair of dies in substantially the
same tintHER%SARE tharMRIABEEINSK AUy of B MG HEPIHSE BIrSRRGAL ARk Me IRIoRXANGRISs
lump comeemtprﬁpataﬁ@/mh v ' agr:]m@fdmfmessrff@m 'fr,laméa' Oﬂemm@éﬂ@:m%mm.mokemgﬂqg?mﬁnﬂﬁe
comes into contact with the other press formjng surface is 0.1 second or less. Mare preferably the .
eoruto VARRE R M ARD 65 A GRS AT BREIBPAEh T R VRS i
time diffdesres.is TisecHoating0S4lthe nhzgphetttieepsstanidml 2AAnl o), rrubibisddrizad hiia

moving mechanism (not illustrated) so as to be able tq proceed and retreat with respect to the molien
giass oulli BBETY AT ARSI & TR B T T SR SR,
a catch pusdtiten 4Ad ancbtréat pasitidhe Theagateticpdeytion (pesti@iviegviziciinkee magsaiiit detdising
drawn by idJine in El is o [ iatel molten glass outflow port 111. The
retreat pb@?ﬁ%ﬁ%ﬁé&% %@h!gﬁ %@%ﬁé@%ﬁ%ﬁ%@é@@ﬂgwo are drawn by solid lines in FIG. 4
and a position inAxiHils pringressantial mtigm:&mbgi@ssrs_m %@fiHﬁEI_(BaQP@ibdé&bdldwaﬁ feoiter
the moliety BiAspAUHANRRIL HohilP3%hre prLbRAYRGdLAACITRICYRR O ReBAIAR BedmAl

glass between the catch position and the molten glass outflow port T11. The cutting unit 160 forms the
lump (hefeiddRemaaanpifeMeads éé'@%'é%pm%ﬁm@dw winiiméhe phispeicgurpfpbpuid nm
molten glassdlayging@ut from the molten glass outflow port 111. The cutting unit 160 includes a pair of
cutting blades 161 and 162. The cutting blades 161 and 162 are driven so as to intersect each other

on the path of thé\RYBARGERIIABRRERIMARHOII & e ttriemirdy 61 Biscolassisthekatedcn
00E] | orens e 120 et & et e 130 & Sbecnt s 135 draine gt 125, apc &
. ress uni includes a first die , a second die , a first driving uni ,.and a
second dNGHER i APBITHTE (B SEaR o PAIRTING SEBER B85 (6 A BEIS. Supba REHIBED
includingafieneacesssed to perform the press forming for the gob. The first die 121 and the second die
122 are di d such that normal directions of the surfaces become substantially horizontal, and
such that rfaces become parallel to each other. The first driving unit 123 causes the first die 121
to proceed and réineapwittipalspedatetiod Hergasdisd22rale tidasdher maghdatie dstohddsvaugfaod
124 causea lhe-seoond difch 2. iaprocecq ang relceal Wil cpnect 0 (e It dieciat, fagh gipe firs
driving unit and the seconaacnlvmg Uit 124 ifcit des a thecranisnrior causing the surface or the
first drivifigtoaissL 28 4imd thelessfis doofehdlstmasdrdrvingdutat 12¢ gialsasteqiiel fobmaghetiosksto aaen
other, foxEXFrRpRI RN e AN SRARAN I 8Nl U ASL P ASAIRIPIAARC 2 FRlRRIGRE o ioRs
Because the structures of the press units 130, 140, and 150 are similar to that of the press unit 120,

the desciijiomaeitiies dry YIRS £50.. 140D and Nsoravg s e DoBejpal surface is expressed by
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After each press unit moves to the catch position, the falling gob is sandwiched between the first die
and the second die by driving the first driving unit and the second driving unit, and the gob is formed
into a predetermined thickness while rapidly cooled, thereby preparing the disk-shaped sheet glass

material Gioh Rt ARG IAGeGTGHHNE ORYEGLRIES KSR RABHEN. M EFtShS SHGHRESSCRNE S IR GHE

separated to cause the formed Sheet glass material G to fall down. A first conveyer 171, a second

conveyeP1086 Hrhila c8RUeYerfor S aiarigolnt E9HRNepI 73 AegnruisdewibRIBIMgsTeteasuring
positionsrpA tAtBress 81ie HothJideuiéa BPdikeloyeseerbyriraRd ROt diRARds fatheCopMaiae

171 to 174 receive the sheet%glass material G falling down from the correspondinﬁ%ﬂress unit, and the

conveyeP¥dhiRsHat g §iRks RABAPIHAn afsAEEWhB TR ARACHLMREHNS seuginess
[0038] isII 0oz Qﬁp@ﬁlﬁt‘é‘?sl@%ri%ﬁéﬁﬁﬂér Qfé@@bdhﬁéﬁ%ei@fmw@d%@chéﬁﬁ]né@ﬁgﬁ@ riaﬁ,%oscgpe
sequentially move to the.catch position and move to the retreat position while t ob is sandwiched,
o that 118 OV BTSES TGS RE LA CURUGHO 3 Vo RGeS WiiRG GRS L S De
sheet glassmpatedab GamesbdoesmedibfAISIR168FPC0BA to FIG. 5C more specifically illustrate the
press forming performed by the apparatus 101. FIG. 5A is a view jllystrating the state befare the gob is
hade, P10, 58 1 (e AR TeN S et i Tl pl A S e e e
5C is a vibw ihustinaibssg theasatenig miaichitiee ahdahglasastiatebsl B &-favhstdhigyvpre ssiagstedohbith
[0040] il | r continuously flows out from the molten
glass oumg\?vs? %)g‘oﬂ.rftﬁ ﬁq %Btﬁﬁﬁ)co%f:tq{{e’g %ﬁ%%ﬁﬁ%ﬁ%n in predetermined timing to cut the
molten gld992Gaterial LG gsing the c_utting blades 161 and 162 (FIG. 5_B). Therefore, the cut molten
glass becomes %é@sﬁ"}&'t‘ﬁ‘i'yﬁéheﬂﬁa'a%b;%vgumJQtPaﬁHGaﬂﬁ‘eteQﬁ'Q”irt{gg{S%frit‘ﬁ the-pragplace

illustrated in FIG. 5, an outflow quantity per time of the molten glass material LG and a driving interval

of the cutfif§\iAfitYSRareeeiRetEiedUBHHHRUIEERBURS REGRIG IR 948iGs Vi s gtnahiad fegnéaTity.
every time the cugj iﬂeﬁ|ﬂ;@0ti$edr'§(ﬁrh&@04r%fgu|aﬁ®e RagR &R 7o falsARWm iRy dtfdaRrgest

between the first die 121 and second die 122 of the press unit 120. At this point, the first driving unit
123 and YWHRVEEMIA dravRienmin 24 U Ap RRUHER TR inARRSRS (wrRvelengHy eh&kdkbAd

die 122 qamerslogsoia eachaihenatibativingssie(@el déngiitess thenoap hetwae)) thadirrb GimAads
and the second die 122. Thereforf,% illustrated in FIG. 5C, the gob GG is captured (caught) between
the first (ﬁ@al € P& LB APHIESD2. An inner circumferential surface 121a of the first die 121 and

an inner circumferratinbaudacanl B2aexthessedoby the fRAmyneasider, tamhchetimighitessnvaro be
gap, and the gob g,nﬁ s&ndwl&:ﬁed between the inner circ%ler ntial surface 121a of the first die 121
& |

and the iRRRFGIrcy Al unr]f%%(é FFTEYF tre'Set6Ra %5 formed into a thin-plate shape. A
projected EpaRer 122b is provided in the inner circumferential surface 122a of the second die 122 in

order to keep the gap hetweor e e eEErenYal g 12A G fishdig AL gnddfe ger

circumferential surface 122a € Seco constant. A gap between the inher circumferen

surface Jrespolighingsiraress Daiainge aitesrtbiecorassimibas e delrpa® priapedyoiedreutiness
djusted tha ' ' thi | ' th
adjusted gugh. t@ﬂh@ﬁaﬁ'ﬁﬁ’f&éﬁs%rﬂ?d%alipié%? ey m@ﬂ%ﬁeﬁﬁééﬁgﬁgg{pﬁﬁ%ﬁﬁg e

glass substrate Tor magnetic disk by the polishing quantity o

e
preparedsyoeaje fop Wuﬁéshontm%ébﬁ%iglﬁ%dﬁﬂm i ri\BdBELRF B MBTInBaF SR
die 121 %H%I%‘?@Q@q’a%%rl%rﬁﬂ'fétﬁiﬂj&rﬁl@i@?e@%@?tﬂ&ﬁ%é{?&téfﬂgr%ﬁ%ﬂ@gﬂedi‘s?@kj';? feEaiiRhing

sufficiently lower than a glass transition temperature TG of the molten glass LG. A time until the

gob GG RUHIRE CoRMHEl BENRER £t firkhale!S2 igithess cify aheebolavsr Matgasl & the
comes intR&oHIass Wiiniligyinsemerenrraialdisings thgaahiorigss die 174 ofdbe kestrate for

circumferential surface 122a of the second die 122, is as extremely short as about 0.06 second in the
At SAGHCH ST T o) Bt et AL CUBSAAANATICE SbE I Ch i AP AT,
the innerticyiissesiiod saréatsr Iadgraftibelfgistidip kphihbuh@ érfiendiigumée pmaihgupiaced 2arof
the second.die.122 within an extremely short time, and th b GG is rapidly cooled and solidified in
the form St e s AR T Rk AR S e tetlRsn G Bhel s syrerming.
embodintent eicaraptanfiiee treegiteftdtgless of aberiglaSd seatehfiv-shagretidatis kisig fgraatisesster Dh&S to
80 mm arnedagotrrl] 'ﬁh(er:] %%Srfgggk?%%%s@rgf {Rgizﬂeet glasgialaseset to 4um or less is that the flatness of
the glass substrate 2 used in the magnetic diskraintained and therefore the magnetic heads
4A and 4B can properly perform the recording aratlireg operations. For example, the sheet

glass material having the principal surface rougbra 0.0Jum or less, the target flatness of the
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After the first die 121 and the second die 122 are closed, the press unit 120 quickly moves to the
retreat position, instead the press unit 130 moves to the catch position, and the press unit 130
performs the pressing to the gob GG. [0044] After the press unit 120 moves to the retreat position,

the first dif.32 L anskibe Y6FaRSBd2diake 4RO SHRMA I RRRSHE AR BARERNELIS S IfiEedls

cooled (until the sheet glass material G becomes at least a temperature below a yield point). Then, the

first drivifgRFEIS S04 THAE Y SHRKdPIHP RAISDING raUUE @ BEPAIRAE SHERES: BRIISDINGneAmde
second digridge BB IRE LIRS IBIMATR bR IR AMNRIfRMNe® 88 H WaAd O dHBe CQRYeYRaldal

located below the press unit 120 receives the sheet glass material G (see FIG. 4). [0045] As described

above, iMfENH RS RIEIPR R RGCIEOHINNGRE 1N QBB diestrAhfelaRR HFRARS adintReaglass

extremely gharhas il sesgneticlngt 0 AusasontlcriesthganplieniglasergebstaokiadysioTutianastsly
comes into contact with the whole of the inner circumferential surface 121a of the first die 121 and the
wholo, of SHESHALS I IARIEN T Sk R0, POLS Y HCRBY 2 530 AR PISTHG Cannot be
circumfeemitialsdrigeehé 2bavétierdubpeiad Bdrminththe inner circumferential surface 122a of the
second die 122 are not.locally heated, and.a deformatiop is hardly. generated ip the inne .
cheomforeniiol SoRSBUBE 1 RE i RO TRRIRT OF O cholBat e he Gri¥i loming. toe,
formed igflaskesdizitrsttagerbatuyrdhe tisktheamsdetisef ftmrihdimohe tegkaas dot tiresiingtdeer b i rares thef

Therciors ot e o g S B B 20 A B S R Bl

distributiProeerbthe large deformation is not generated in the sheet glass material G. Accordingly, the
principal sydaes flatness of the prepared sheet glass material G is improved better than that of the
sheet glass material prepared by the conventional press forming, and the principal surface flatness of
the prepared shet §MHSshakteriec easde S tsufarer Iesghoeat)ef sheak glasaceaiggphedstbe

the innerequipdeEeriiahiply iaCsel L D FH BIEIS8ETRCB4EHANART R ACH FoligvhEHS WalehaM oaY i ce

122a are adjusted such that the arithmetic average roughness Ra of the sheet glass material G is

0.011.tm"BP 18¥s6oWYq-time PRlisiRanMpBRERRII4IBAYH IDRIEE e SIAEHALIP MRS g5 &
formed by teeiifetea favanayineatas o|aasdrGeusing escediigd dladsmcieAtBnBel frbiteves.

when viscosity of the molten glass material LG is small with respect to a volume of the gob GG to be
cut, the gﬁggg @§§1H{66888lne the substantially spherical shape only by cutting the molten glass LG,
and the gob is natHersathade suelhuiasies,of gobHeenylgslienasrddn tosnathiegel. IY048justind-tGS.
6A to 6C are views ill}és,]tratinoc} Gf{hmgdificeﬁon of thiembodiment of FIG 5. The gob forming die is used
in the maulfi&iol? 'SR L AWM tr%tfi)ﬁsst% Pltedefore the gob is made, FIG. 6B is a view
illustrating @& %}ate in which the gob GG is made by the cutting unit 160 and a gob forming die 180,

dFIG.6CIi jew. | [ D ' h ing.i - G
make the sheet g QUSRS AL SAATHIB R BRAHRAE [dSs 087 FE3igkd
press unaamta;ﬂ@édowmmg_iagsmbmm B ofahe Wapdisk the ltapiottadymbiecalgmisosBoale
with the ?ﬁ%@%ﬂﬂ'b%%l?afﬁ qlued by tﬂé?ﬁﬁﬁ%?c%@ﬁ} éﬁ%@i }éé‘ﬁ%@'?@ﬁ&ﬁ%&ﬁ‘%ﬂ@% iHanna Izlass

illustrated in FIG. 6B, the moften glass LG that beco herical shape in the recess 180C falls

down toveaRpHRIfEEMATNEHO Eisknexeeitepy ohdhmEamobiieorivainal cudacevned theisyrasaih of
toward theRigsstkil 23R 0BG EGhfed. becomes the spherical shape by the surface tension of the
molten glass LG. As illustrated in FIG. 6C, during the fall of the gob GG, the spherical gob GG is
sandwiched betvfeSASRYGRYY GEeLNERPtheIassoma Girdal SDA FERBING thy BrSE RRHRRIY, Bleréry

preparing 49g digk-9hrpredsheei@iass Msdenans. 108488% LiQ, and 4 to 14% N® is suitably used
as the aluminosilicate glass.
[0032]
(Manufacturing method of glass substrate for magrksk)

FIG. 3 is a view illustrating a flow of a manufathg method for glass substrate for
magnetic disk of the embodiment. In the flow oGF8, a first polishing process in Step S50
and a second polishing process in Step S70 caesttgurface treatment process of performing
mirror-surface finishing to the principal surfacéthe sheet glass material. The sheet glass

material is prepared by the press forming (Step.S10he prepared sheet glass material has the
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Alternatively, as illustrated in FIGS. 7A to 7D, in the apparatus 101, instead of using the cutting unit
160 illustrated in FIGS. 6A to 6C, a moving mechanism that moves the gob forming die 180 in an
upstream direction or a downstream direction along the path of the molten glass LG may be used.

FIGS. 7AaA6 78 A ess AR o siaie defows RORGE kifiade. 6iGhd Gise ks

illustrating the state in which the gob GG is made by the gob forming die 180, an . 7D Is a view

illustrating ageetisdiskniicharbipkaessdarirg Bt Fsmtibictaass ghhe glasmanaskatereempgastic
material Gisk by5biskhHgGikhtfe srtnbernaessa s@ReMISARTPY the blocks 181 and 182 receives

the molten glass LG flowing out from the molten glass outflow port 111. As illustrated in FIG. 7B, the

blocks 181 and 18 SEPHURKIPROUES DAL THRIISWRTSIRIEIR G W BRRA ISR BHEEAREIIENfasé Pt
predetermiged linmg gresbioawingecHieaneltee passrhiat icappardusriestraddGn FG i8; blacks
181 and 18§£J%s§par }%d t.gegﬁtermjned 'mineg. Therefore, t?ﬁ. molten Ias? LG retaj b)éthe
blocks 181" 89 falls Gowtr A dNENiMEaRtiAN"§BR B Leothibs e Ripe 1Q4UREpE Ktna © 8
surface tarsiorewtthifisicitey gassatsinriwillohttate dppkGerrmsring theetall fafrthngplibanaligoled
GG, the ﬁpf}ﬁr{i‘c&l OT%éBG is sandwiched between the first die 121 and the second die 122 to perform
the press l%rmlng, ere%y preparing the disk-shaped sheet glass material G. [0050] FIGS. 8A to
8C are vid@83Byistrating another modification in which, instead of the gob GG, a lump Cp of the optical

glass he ] (not illustrated) is caused to fall down and the press forming is
@i‘i‘»Péfsg %%'p?@ Mp%}l’peeggg

performedto the lum e lump Cp is sandwiched from both sides between dies 221 and 222
during the fall of &ie apppraiysFlGl giurirateeinilfuisiradingatic esstecte fofdrresumiD LA Hekted 4o,

optical glass ipierapRla TiGHAG iR Yisy IvaLatinadbe BiFte Profisiton UPRE SreRPHratargRss

falls down, and FIG. 8C is a view lllustrating the state’in which the press forming is performed to the

lump of tHEabRawa dsam Mareliee glass: QalkavvResibl & the apRNAIRStdE In FiBmOfithgrimolten
apparatug| 244 cat%@f%alamﬁigzg QIARPIBO M AHAOHRARORYRY B LIPS BE PBHFBIRSRIES

a position above a press unit 220. As illustrated in FIG. 8B, the glass material graspéigrg}\g mechanism
S

212 relefdd8enE ISR PIHED M YRES RACANYERREVRRRR Ep/EIGHR BhAcRPYIsAEFaftidRiN_s

L')'UStrate@g'bfbﬁﬁti(?ﬂ%ngaﬁmééﬁﬁd@ﬂhﬂiréglmbkfggfﬁrﬁiiiytmﬁf@hgbﬁﬁ?tﬁmlumIO Cpis sarr]ld\;vichzd
etween the first die 221 and the.second die to perform the press forming. Because the first die
o1 A the SecRPAINCADY 28 ANsal Bt e oD PR Lol TG SoheaP L 955, U

second died2230udiatednd EBB. &rethralésed phtointcrvalgtolieghe@d atd (IndSbrbinglferogtsss outidier
the press fow'ﬂg, scribing is performed to the formed sheet glass material G as illustrated in FIG. 3
(Step SZB?.r As used herein, the scribing means that two concentric (inside concentric and outside
concentric) cuttingspleseel Irerei(scitte rsurbdiarfbatty cfaarim ¢ apepinviset ithdicasualasel uktvalsiecet a

| | G with a.scr g ST e .

ot o et B B0 8 L A B OB B R B Riming

sheet gladie wenstitliE e drbaerintoftdies anceatiRrupelstyramdspiotialyheutéateant a pecood press
side the oS tric cire o inside the ingi o

iforenci e e e e e G PR ge SR

sheet gld&Enaitiers, Moshpreteainedhmabsolttecvalig oittanriaitsn siffersnasis@videhaniathe
scriber, hg ihe shreislrph Ml i@ I@Iﬁ@d‘ﬁ%ﬁ'stkﬁ%%u%@) RIRSS AR PURGIFO CRE SRR HRR s

roughness of 0.01 jim or less. In the case in which the roughness of the sheet glass material exceeds

1 jim, thd YERHEr HEERROI TSNS &y FABETGH IS G A EPRIPBATIHR HEPRSIIEMHAY FlffBECevenly
provided. Even ipgsfhaagaHaasipeloiaebriiens) Remas MaraadsRes i haverirostalies in

diameter and circularity to an extent in which the scribing is not required, and a round hole is made in
the ehoat SaTHa e e A e S R T ML B BB BRI Db teyed
Shape pinseastngtsanasadéshamferipgiPodeiss)in thaibaitshepepeatessing isTperfampeis tordigyht

ibed sh I jal G S3 he sh ' lud hamferi hamferi f
cuter cirdIEPAREt BHE JBF A TG TG el DA HIE AT SR g o eeb e
outer pircabstéu@ﬁﬂlw@fptb@@hmdiﬂmencémﬂtymmemé pootien gfdks kdi.sztmped slieatayites
material G SBGRHE HHRA G ARG WHABERSIYSORL SR THES RANRHBIRERSRS contact

with the other press forming surface is 0.1 seaomkdss. More preferably the absolute value

of the time difference 0.05 second or less, mosfepably the absolute value of the time

difference is 0 second.
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Then end face polishing is performed to the sheet glass material G (Step S40). In the end face
polishing, the mirror-surface finishing is performed to an inner-circumferential-side end face and an
outer-circumferential-side end face of the sheet glass material G by brush polishing. At this point,
slurry that[M(]*les fine particles such as cerium oxide as the loose abrasive grain is used. The
contamination of dust and damage such as a flaw are removed by performing the edge polishing.

Therefore, generafi6h 6f iB1es RIRSS a51ESsddRind 3P d Itita stk 2PER dideeeyiBgisnecaapism (not
preventeglyKRadhiedd- kst o st (RyipriRalcaUAIRS adwlis heXPRI96a%R molthediEsisPeligiing port

performed to the ground principal surface of the sheet glass material G (Step S50). The first polishin

is intenddd 1o retABYdShBaRMAEHSNRIRSBrittiSat 40rid30 aAAdhE 0 féh Bfomoved MGtWRSH e
first D?IiMibanEadraa@E]iem GUSTIIE Eﬁé&yﬁ@ihfp@i}(ﬁ@ﬂréﬁqrﬁbﬂmbﬂxptﬁéﬁm?s%tqmit'rlk;tl_fﬂ)?is
manufacturin ethod 0 e em | nt, because the grindin process navin the large machi g
oo A P & BT i S e R oS 8 TR Saolep BB A Ot e
not geneﬁ;ed_eftre&tqneb&ieﬂgﬁpesiﬁmteniamiifhelje‘cmmttsa_mapmmngmlm&em ma\_Me lngtk@ieﬂliimes
the first po"ﬁﬁH‘QApé%%ﬁ%Zg Os(?t?srlt in w%i‘éﬁ%*ﬁ'g'ﬁ'g%e%é’o'hsuib”% aq"rg\?vrr?t g%_'l%k‘ﬁ&:@ﬁfemé%ﬁ%%ﬂs Spd

in the firs'Ppo IShingp sand the subsequen tond polishing pro ble-side
polishing eqaiachave:d, fiteerpthleshiadtés phates medl osipg . bdlishing pad 10 by relatively moving the
sheet glaiﬁd%gtfrial G and the polishing pad 10. [0056] FIG 9A is an explanatory view of a driving
mechanism of the double-side polishing apparatus, while FIG 9B is a sectional view of a main part of
the double-side pdlightudfiagparitusaaciadirg\igper emdldvaeh RirffRiteatensss rivesedne FIETN,
the doubigssiflsrPaliThinARRBIRHS F4BESIRh P Ysting e HergaARd IR neBNARET BTG
plate 31, and a lower surface plate 32. The pollsh%r;&carrler attaching tnit includes internal gear 3

[

and a suthgeaipaBelvalen spdeibestdd A pritidelHicePROEAEcH RutiUTtNG L RsPRAF At hYeCS 1thRd
the lowensyitEac g REI9ISR AL IBVRERIHO RS RyIsSaptiehtnoy he Pelishingirg tisk Akachind duyt

therebetween, The polishing pads 10 adhere to the surfaces of the upper surface plate 31 and the

lower sufaBP8pi9feCt¥itmidreesciHRle8ee dRér. ATHSIS NS Sictes ANdiiEReANSoUY &R iRy s 1O

the internalegsac3daancbtherson BrRapalh enthempREFEIRBELASIBNBAPRTE MA RN i@ catMg R aRRY
in which the poli hlng carrier 33 rotates while revolvm%around the sun g%ar 35 [005&;%(31%%?9%

sheet glasRnfid itde MG AR IR pHIRIMAYRT Hases [ RP G dhesBBce b

verticallyfaksrdovadianar ththeppecispdsitplate 31 presses the polishing pad 10 against the pair of
principal r(ﬁg(ﬁs of the sheet glass material G as illustrated in FIG 9B. While slurry (polishing
solution) inCIuding the polishing abrasive grain (polishing material) is supplied, the sheet glass material
G and the polishiflgeppie 4 ané ddBtinelycas\ee firsy diee 124N aiispse reni@Z radins od tivengalisitihg 3; aandr
33 and the r igns o u ce-pl nd | f ate

polishing %%%%ﬁoﬁﬁn?p%ﬁ@gggées%aﬁegsprﬁégstlﬁg as(gn%ggﬂgaﬁ% Qeg%ﬂrée}é{‘i?s%%g%is ﬁg& ér}(])s%{eg ég,d
for examplembanioclsing @ishefdsaisisehdarrepolishimg prigsany doethergokide hheafifse diaihad

used as tiepglishing grrfeddl 19%8)re disposed such that hatiremtions of the surfaces become

substantially horizontal, and such that the suddoecome parallel to each other. The first
driving unit 123 causes the first die 121 to pracaed retreat with respect to the second die 122.
On the other hand, the second driving unit 124 esitise second die 122 to proceed and retreat
with respect to the first die 121. Each of thstfariving unit 123 and the second driving unit
124 includes a mechanism for causing the surfa¢keofirst driving unit 123 and the surface of
the second driving unit 124 to be rapidly brougbse to each other, for example, a mechanism
in which an air cylinder or a solenoid and a cpilisg are combined.

Because the structures of the press units 13Q, dd 150 are similar to that of the
press unit 120, the descriptions of the press W3 140, and 150 are omitted.

[0037]
After each press unit moves to the catch positioa falling gob is sandwiched between

the first die and the second die by driving thetfariving unit and the second driving unit, and
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(f) Chemically Strengthening Process After the first polishing, the sheet glass material 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

exampleie die sl 4alin st SAMnSRSCRALIIIRIa NARESECBABI N P86 et Bl AlEShe

material G ispre-heated to 200C to 300C, and the sheet glass material G is dipped in the chemicall

strength&hsigssapaersRsiaheiase MaleHaliE. PriterarERIBRsi D e D rRERA BARHESs
the sheetigiparaatetint Gruheham sl shrangdieredh i SirRinthiscperfasedwhile e RkIrlshset

glass materials G are accommodated in a holder by retaining the sheetglass materials G at the end

faces. A WAleFPNEYRE dia8sSRRATaFeMEYRIpt 4 THEERGYRaty 3trBRBASORG L 6RMGTY Ghd 74
Iithoilt_Jm ic_)@r@rm;dbﬁjéaow@romh@ iéﬁﬁﬁ@ﬁtﬁ@h@lf@ﬂﬁ@lﬁmﬁsm@% _w@eriaﬂoﬁ% a’ﬁﬁ u&z_ﬂa@l@ép@&hvté@.
sodium i n tassium ion which have tively large ion radiuses in the chemically .
Strengihe g SO SELp dRHUN SHEFAB) ) B DD ey B n By
about 50ftora b dr soridepefuliag e aie anilasaoniieral v épaireyg thensildet siesg nwatenylaGt to an
resistance. Thetshe tgl SS m?t?]{ialf to Whitchrthe chemically strengthening treatment is performed is
washed.%poorat—:‘r%aurﬁp@?af P WAS! r)ncg) e s%eé(etpg%%%sﬁiaterial G using the sulfuric acid, the sheet glass
material G938 shed using pure water and IPA (isopropyl alcohol). [0059] (g) Second Polishing (Final
Polishing) Proce c lishing, i r e f gl m i towhi e
chemically strengt gn?r%) ri%?n%e?}?gr%) ﬁ%’%@ﬁ%ﬁﬁe@%%? oafﬁﬁgﬁz?ép O?.l or g\ﬁgr:%?e,
the secoREqusiztiaty Hashettnddairniatchllipesition dntbanoLesi® retreathpasitondvdulsHing igob is

intended g e AT st RSP RIS 9f4te RRACIRA eLiaRGu P SETORARIISIAPIRSERS for

similarly to the first polishing process, thé polishing is performed to the sheet glass material G using
the doublBesfRO ol SHiHee helass @adatrt G)INRAGBIYNthe second polishing process differs from
the first qu@j@i process in the polishing abrasive grain included in the polishing solution (slurry) used
and a composition of the polishing pad 10. In the second polishing process, compared with the first

polishing process; e PArRIE GamEteor eneRsailamly dhaURiegRIs TR R IagcREIESgbY the
hardneseiphiangismg FRGLE s mofiared: flaseuamplide hermpeand mlsinmanscsmaseis a
oaming resin polisher is used as the polishin . and.a cerium oxide abrasive grain that s finer than
the ceriGHELSIETERA NG ST BB YR el O OISR o SLLTBG. 08 2E0nE o tdng e W
[0060] illuShetshetaRaseatetiahGoibed dosnili® sdoonedispiessiracess iashed
again. Thig\gs%naiing is performed using neutral detergent, pure water, and IPA. The glass

substrate gnetic disk 2 having the surface irregularity, in which the flatness of the principal
surface is 4 jim oAtedhamdtdteinbiBnégs of thelimingipaksonddetakcOrinoousie$hvis abthinech ire¢he

d polishi i din FG. : . ic | :
depostel SRendinss SO ERACLELTC A i pofle [BUEIAE U FR0 R Rt X B BErmined
the mandifadngrit) ewdthiel Medeataldas-raateriek bistnpdbesoiieng blatescbetibantabbde(Rézohting
to the m%?&ﬁ%?%@%h%&iéﬁeg%@%@%?ﬂés%esﬁﬁfgs e [PAGHA BAVIBIINESHFRE tension

irregularity in which principal surface flatness is 4 jim o the principal surface roughness is

0.01 jim Eraeaef. catn BBgorMrEBMg theshites ity prerdiiewtieraibyePaidigimaing prordeniglass
improvingthedlatie s anddheissneios presess baring hameshinnsaiowansamnt Rigspaanayt 200

jim are omitted after the press forming. Obviously, with the manufacturlng method of the embodiment,
Ot

because AELHERTAR HHAENA) I8 HIMBERNEEY BN EHAB Y MEREITENESN diffusion layer is not

formed in theganncipal surface, and a grinding process is not therefore required to remove the tin
diffusion layer. In the first polishing process and second palishing of the_process manufacturip
method of the el GAE SHAL SOER T ARCRR DI AT AL L i AU RIS 2Bout
10 jim, anfl the prasbioinig aflowaneeahsspontic tHmafirdigigickieds abhodtthe we2bAdawhihenit 124
compressive s Jayer. Therefore, there is not.generated the conventional "roll-off problem" that is
caused By AN A AR A TG SO HLrforete PR Rt e
allowancetirethat ploésimniggitbecgebEnters the gap between the first die 121 andebersl die 122.
Therefore, as illustrated in FIG. 5C, the gob i6 captured (caught) between the first die 121
and the second die 122. An inner circumferentigfase 121a of the first die 121 and an inner
circumferential surface 122a of the second die d@®2e close to each other with a micro gap,

and the gob @ sandwiched between the inner circumferential serfb21a of the first die 121
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The good impact resistance is obtained by the compressive stress layer that is formed through the
chemically strengthening process after the press forming. Obviously, with the manufacturing method of
the embodiment, the imbalance of the compressive stress layer caused due to the tin diffusion layer

formed ophHARL &S BLINfREMEIPALFIIERCES2 4 HRBRAHE RELRURS HSHSRES LARFS JRALEERAS.

not produced by the floating method. According to the manufacturing method of the embodiment,
the glasssOHRIREIBGCTIRGGNERERIKKIMAVIAgIHE Hop dnsisdrdarrsyiabavfiaceutadp aidhmsasond die

resistanceyoafh ﬁf@&ﬂ&ﬂ@%@@@%ﬁﬁ -B8R0EEN thdNiRBdIBreRinTish strifceChe TicH ihalragimening
(Step S60) |st§$e]qrformed between the first ollshln% (Step S50) and the second polishing (géep S702.

Howeverth@ G R GEBRIRIRRIAISHESR ehERAR ead 4R OBERHY-pofisHF prbress the
(Ssggf S7%§rnﬁr@m|@¢b@fmal tilwfﬁcr;,ﬁFmQti%hbqunﬁs?ﬁtaﬁoS@@r 0 Jﬁh@ﬂﬁ%nitlﬂgvﬂanc?mﬁqﬁﬁgl@&p
ma ropriately pe replaced. For example, the first polishing process, the seco olishi
orocess e SEEREN ) 20 G AEAALE r L B0 (b R BES QB RS AL Qo S IS A et
performettham tthie ceictpet thiokeess of the glasssubstratnd)delie dislsb yhbspdéishirgeguiariiyy tbhthe
possibly rerrlleratied t% the ¢ emirc]:all ﬁtrber;g}henip process is not removed, the process sequence
illustrate§'ih FRS 218 Sé:ﬁé)r%'gg "HforE pre? ra%?ﬁ 63] [Examples] (Examples and Comparative
Examples)0042Hereinafter, the effectiveness of the method illustrated in FIG. 3 was confirmed by

E | dC i i , L
aminosoate g O R SATE SOl s bIUATRE T SRS SRR s frst e
Na20) wdg LstiHasabengladie rhatsriaind tenpesatidgactit tHodinklicimnsegenoite girepakdsgratained
SUbs”atesHﬁiB%H?;VWEéP?n%W%ﬂE&%P&?%ﬁi%téﬂ%ﬁFé&%%f% GHokadRpsie layer, the

CoTa7r/Ru/CoTalrr soft ma?netlc layer, the CoCrSi02 granular non-magnétic underlying layer, the
CoCrPt-Si02-TiO% Bimmuniiliig Helceds <o ametsty cabbnas Batresiagilsidier 1adr&scsrermirily

depositegigmbotiaffae piingjopsupeasirfdhalass sithstraiend bepitberpribmsapabeiardWrigant
layer was deposited on the deposited uppermost layer b% a f?ﬁﬁ%mg method, thereby obtaining the

magnetid EFSRIobEU P! B3 PRISCA ¢y BTerentigbsyiy $rEONHarddanioagHERIGIRpEhe
S70 illusggtethsut16.08 usttdiite Fharkg@spdratriial eving ibeaciRY sgrircadiateassned tie or

e e e T 00k s &L e 105 e e
121 and the inner circumferential surface 122ahefdecond die 122 within an extremely short
time, and the gob &is rapidly cooled and solidified in the form of arphous glass, thereby
preparing the disk-shaped sheet glass materialliGthe embodiment, for example, the sheet
glass material G is a disk-shaped plate havingaaneier of 75 to 80 mm and a thickness of
about 1 mm.

[0043]

After the first die 121 and the second die 122 dosed, the press unit 120 quickly
moves to the retreat position, instead the pregsl@0 moves to the catch position, and the press
unit 130 performs the pressing to the gab G

[0044]

After the press unit 120 moves to the retreattfosithe first die 121 and the second
die 122 are kept closed until the sheet glass maateris sufficiently cooled (until the sheet glass
material G becomes at least a temperature beloeléyoint). Then, the first driving unit 123
and the second driving unit 124 are driven to sepathe first die 121 and the second die 122,
the sheet glass material G falls down from the rast 120, and the conveyer 171 located
below the press unit 120 receives the sheet glassrial G (see FIG. 4).

[0045]
As described above, in the apparatus 101, thedies121 and the second die 122 are

14



Comparative Examples 1 to 6 The glass substrate was prepared through Steps S20 to S70
illustrated in FIG. 3 using the sheet glass material having the principal surface flatness of 4 pm or less
and the principal surface roughness ranging from 0.011 pm to 1.334 m. The sheet glass material was

formed bé’lé@@d”(ﬁﬁ&FPHWIH%'H@BQ%UH@F?@%W&%‘@SL %@uﬂ@P@@]s&‘HﬁH?réHiﬂetﬁé‘m 1354

The %Iass substrate was prepared through Steps S20 to S70 illustrated in FIG. 3 using the sheet
glass ma3ERaIAAANY HIEPHADRRYSTEREAAIHRISs SPiHHH WilR 41RI8 AE HhithdPErsGiieed lﬁj}ﬁﬁéss

ranging fspr2&4b padp A Gestimiel e shaet glassrbritsiRNasdriMarbRNIE Boating Meodf the
[0067] Comparative Examples 9 to 11 The glass substrate was prepared throgﬁh Ste §§S S20to

S70 |IIus%@%%1@u5|H—@%‘i@fgF%e@@d@g%éﬂé?m%%“ﬁ%%%ﬁa%m%@é Land iy

4 pm andrther poincinateeitee @uﬁ&@%m%&ﬁe%@&%m@ 8/R0GIMIJdapheeh@assand a
material formed b the nventlonalé)g{ess ethod. g! Thec nditio of thegg Hdln and
polishing )'921%'8@5 Pﬁp%‘?gﬁ\/@t arLHpI werg e?' HGUSSU ace ner

process: dmemnia*mntyah/esrtmréolm usBerauswitie moﬂmgeaﬁwmgdaméaheralgﬂ(mmemere the
diameter, of olishin teral nd.a urethane pad asap n ad and the
ans%er 26 Eﬁéjm n Ig @1 3%%1 (51%1 ond li% % emRSFra}]tgde

machlnlng owance e sgcond ) ng proces fee po mg was pe
using colkttistiabstica (ﬂ\zhmgmpmtﬂlc‘mﬁ]ee glassdiecomesipulally pehshifdenatere| iancoalgudt the

| 9 f
Pnd surd0Tg A SHAGL Uy R RIRHATAAC o Shall bbbl Add e
obtaineddsferavhtionEganopleeretated iprativeeskglasesaiise miesuidingdithéheuprineinal snriose)
endurangg (st {690 A0 e yashrerigiged r?%?é’ﬁé'i%?pﬂ&@@&%%&?@ﬂ"%ﬁf thamaanelichigadymty

respect to the magnetic disk that was prepared based
material prepared by the conventional press formamgl the principal surface flatness of the

prepared sheet glass material G can be sefito dr less.
[0046]

The surface roughness of the inner circumfererdiaface 121a and the surface
roughness of the inner circumferential surface 1&2sadjusted such that the arithmetic average
roughness Ra of the sheet glass material G is|OrOar less.

[0047]

In the example illustrated in FIG. 5, the subs#diyt spherical gob g is formed by
cutting the flowing-out molten glassslusing the cutting blades 161 and 162. Howeveenwh
viscosity of the molten glass material s small with respect to a volume of the gob t@ 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, dgofing die is used to form the gob.

[0048]

FIGS. 6A to 6C are views illustrating a modificatiof the embodiment of FIG. 5. The
gob forming die is used in the modification. FIA is a view illustrating the state before the
gob is made, FIG. 6B is a view illustrating thetsta which the gob &is made by the cutting
unit 160 and a gob forming die 180, and FIG. 6@ gew illustrating the state in which the
press forming is performed to the gob 6 make the sheet glass material G.

As illustrated in FIG. 6A, the path of the moltgiass 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 the&kld8& and 182. Then, as illustrated in FIG.
6B, the molten glassd-that becomes the spherical shape in the recess fH#8 down toward
the press unit 120 at one time by opening the Bldékl and 182. When falling down toward
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on the glass substrate obtained by each of Examples and Comparative examples. The LUL
endurance test is one that checks error occurrence, dirt of head after test, and abnormality generation
such as abrasion by operating the HDD (hard disk device) in a cycle of lamplID stop lamp ID stop ...

while the DR s Dlasrd shaeype; BEHosias Qﬁg%r?é}ﬁép%aﬁg%ghﬁé%ﬁ&éé % SOBROHBIRSdaY

x 7.5 days =600000 times in which 10 HDDs were used with respect to Examples and Comparative

example8!agg fest résullypitsg lihfelPadfail AHEaBIf Rl hRIEERDgEn it aRNRYICH @90 KPYD.

Table 1 ilushidiepéie verobasshefihg riiacipal sydaace fesairPethe hensiatnasprldys-ferming,
and post-forming) in Examples 1 to 5 and Comparative examples 1 to 11 and the LUL endurance test

result (pABS'EPMY ERAfiROshe sk hansesshsehelassigiiing in Table 1, "OK" indicates that the

surface_ro[a_mmqss satisfies_a qriteria of 0.2 nm or less (the criteria required as the glas_s spbstrate for

ot Ioss. 0070] [TALR LS e EULL A SUpAEb L R ARE CHE BB AT g e

method Felativeg1fitd60 illustrated in FIGS. 6A to 6C, aving mechanism that moves the gob forming
die 180 in an upstream direction or a downstreaecton along the path of the molten glags L
may be used. FIGS. 7A and 7B are views illustgptire state before the gole; & made, FIG.
7C is a view illustrating the state in which thébd@&s is made by the gob forming die 180, and
FIG. 7D is a view illustrating the state in whidtetpress forming is performed to the gobtG
make the sheet glass material G.

As illustrated in FIG. 7A, the recess 180C forntgdthe blocks 181 and 182 receives
the molten glassd.-flowing out from the molten glass outflow port 111As illustrated in FIG.
7B, the blocks 181 and 182 are quickly moved oht® downstream side of the flow of the
molten glass & at predetermined timing, thereby cutting the moltgass k. Then, as
illustrated in FIG. 7C, the blocks 181 and 182separated at predetermined timing. Therefore,
the molten glass d.retained by the blocks 181 and 182 falls downreg ttime, and the gobds
becomes the spherical shape by the surface ten$itre molten glassd. As illustrated in
FIG. 7D, during the fall of the spherical golg,@he spherical gob &is sandwiched between the
first die 121 and the second die 122 to perform phess forming, thereby preparing the
disk-shaped sheet glass material G.

[0050]

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 fur{aogillustrated) 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
illustrating the state in which the lump of theiogt glass falls down, and FIG. 8C is a view
illustrating the state in which the press formisgoerformed to the lump of the optical glass to
make the sheet glass material G.

As illustrated in FIG. 8A, in an apparatus 20flass material grasping mechanism 212
conveys the lump £of the optical glass to a position above a pressa20. As illustrated in
FIG. 8B, the glass material grasping mechanismr2lgases the lumpg®f the optical glass to
cause the lump of the optical glass to fall down. As illustratedFIG. 8C, during the fall of
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Flatness after processing Surface roughness after processing (0.2 nm or less) LUL endurance test
(600000 times) Example 1 0.001 press method 1.02 1.13 OK Pass Example 2 0.002 press method

3.79

the lump G of the optical glass, the lump-@& sandwiched between the first die 221 and the
second die 222 to perform the press forming. Bsedhe first die 221 and the second die 222
have the same configuration and action as thosigedirst die 121 and second die 122 illustrated
in FIG. 5, the descriptions are omitted.

[0051]
(b) Scribing Process

After the press forming, scribing is performedtiie formed sheet glass material G as
illustrated in FIG. 3 (Step S20).

As used herein, the scribing means that two cdncefinside concentric and outside
concentric) cutting-plane lines (scratch in tharfasf a line) are provided in the surface of the
sheet glass material G with a scriber made of &rsaffjoy or diamond particles in order to
obtain the donut-shape (ring-shape) of the fornegsglass material G having a predetermined
size. The sheet glass material G scribed into damzentric-circle shape is partially heated,
and a portion outside the outside concentric ciesld a portion inside the inside concentric
circle are removed by a difference in thermal espam of the sheet glass material G, thereby
obtaining the donut-shaped sheet glass material.

As described above, the cutting-plane line camablyi be provided with the scriber,
because the sheet glass material G produced thrihggtia) press forming process has the
roughness of 0.0um or less. In the case in which the roughnesh®efsheet glass material
exceeds Jum, the scriber does not precisely trace on theasarfand cutting-plane line may not
be evenly provided. Even in such case, the sHass gnaterial may be prepared so as to have
an outer diameter and circularity to an extent mol the scribing is not required, and a round
hole is made in the sheet glass material with a doill, thereby obtaining the ring sheet glass
material.

[0052]
(c) Shape processing Process (Chamfering Process)

Then shape processing is performed to the scisbeét glass material G (Step S30).
The shape processing includes chamfering (changf@firouter circumferential end portion and
inner circumferential end portion). In the chanfgrprocess, the outer circumferential end
portion and inner circumferential end portion o tisk-shaped sheet glass material G are
chamfered using a diamond abrasive grain.

[0053]
(d) Edge polishing Process
Then end face polishing is performed to the shkests material G (Step S40).

In the end face polishing, the mirror-surface dimng is performed to an
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3.81 OK Pass Example 3 0.005 press method 2.34 2.31 OK Pass Example 4 0.006 press method 3.56
3.58 OK Pass

inner-circumferential-side end face and an outesuenferential-side end face of the sheet glass
material G by brush polishing. At this point, siuthat includes fine particles such as cerium
oxide as the loose abrasive grain is used. Thtaogonation of dust and damage such as a flaw
are removed by performing the edge polishing. @&loee, generation of ions such as a sodium
and potassium which cause corrosion can be predente

[0054]
(e) First Polishing (Principal Surface Polishingp&ess

The first polishing is performed to the groundnpipal surface of the sheet glass
material G (Step S50). The first polishing is mted to remove the flaw left on the principal
surface and the deformation.

For example, the first polishing has the machiraligwance of several micrometers to
about 10 micrometers. In the manufacturing metbiothe embodiment, because the grinding
process having the large machining allowance ispeotormed, the flaw and deformation that
may be caused by the grinding process are not gekerfor the sheet glass material G.
Therefore, the machining allowance can be reducdige first polishing process.

[0055]

A double-side polishing apparatus 3 illustrated=I. 9 is used in the first polishing
process and the subsequent second polishing procééth the double-side polishing apparatus
3, the polishing is performed using a polishing d&dby relatively moving the sheet glass
material G and the polishing pad 10.

[0056]

FIG. 9A is an explanatory view of a driving mecisam of the double-side polishing
apparatus, while FIG. 9B is a sectional view ofanmpart of the double-side polishing apparatus
including upper and lower surface plates. As illated in FIG. 9A, the double-side polishing
apparatus 3 includes a polishing carrier attachinig, an upper surface plate 31, and a lower
surface plate 32. The polishing carrier attaching includes internal gear 34 and a sun gear
35, which are rotated at a predetermined rotatagio.r The upper surface plate 31 and the
lower surface plate 32 are reversely rotated wdladwiching the polishing carrier attaching
unit therebetween. The polishing pads 10 adhetbeasurfaces of the upper surface plate 31
and the lower surface plate 32 that are facing ediobr. A polishing carrier 33 is attached so
as to engage the internal gear 34 and the sun3jgaand the polishing carrier 33 performs
planet gear movement in which the polishing carBi@mrotates while revolving around the sun
gear 35.

[0057]

The plural sheet glass materials G are retaingtid@mpolishing carrier 33. The upper
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surface plate 31 can vertically be moved, and tipeusurface plate 31 presses the polishing pad
10 against the pair of principal surfaces of theeshglass material G as illustrated in FIG. 9B.
While slurry (polishing solution) including the p&hing abrasive grain (polishing material) is
supplied, the sheet glass material G and the potgbad 10 are relatively moved by the planet
gear movement of the polishing carrier 33 and tlwual reverse rotations of the upper surface
plate 31 and lower surface plate 32, thereby pioigsthe pair of principal surfaces of the sheet
glass material G.

In the first polishing process, for example, adhasin polisher is used as the polishing
pad, and a cerium oxide abrasive grain is useldeapdlishing material.

[0058]
() Chemically Strengthening Process

After the first polishing, the sheet glass mate@Gais chemically strengthened (Step
S60).

For example, a mixed solution of potassium nitf@@%) and sodium sulfate (40%) can
be used as a chemically strengthening solution.thénchemically strengthening, for example,
the chemically strengthening solution is heated3®@°C to 400C, the washed sheet glass
material G is pre-heated to 2@ to 300C, and the sheet glass material G is dipped in the
chemically strengthening solution for three to ftvaurs. Preferably, in order that the whole
principal surfaces of the sheet glass material & cremically strengthened, the dipping is
performed while the plural sheet glass materials&accommodated in a holder by retaining the
sheet glass materials G at the end faces.

When the sheet glass material G is dipped in bigenecally strengthening solution, the
lithium ion and the sodium ion in the surface lagkthe sheet glass material G are replaced with
the sodium ion and the potassium ion which hawatixaly large ion radiuses in the chemically
strengthening solution, respectively, thereby foignmia compressive stress layer having a
thickness of about 50 to 2QOn. Therefore, the sheet glass material G is sthengd to have
good impact resistance. The sheet glass materitd @hich the chemically strengthening
treatment is performed is washed. For exampler afashing the sheet glass material G using
the sulfuric acid, the sheet glass material G ished using pure water and IPA (isopropyl
alcohaol).

[0059]
(g) Second Polishing (Final Polishing) Process

Then second polishing is performed to the sheassglmaterial G to which the
chemically strengthening treatment and washingsaiféiciently performed (Step S80). For
example, the second polishing has the machinimgvalice of about im.
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The second polishing is intended at the mirrofesig polishing of the principal surface.
In the second polishing process, similarly to thmstfpolishing process, the polishing is
performed to the sheet glass material G using tlublé-side polishing apparatus 3 (see FIG. 9).
However, the second polishing process differs fthmfirst polishing process in the polishing
abrasive grain included in the polishing solutishulry) used and a composition of the polishing
pad 10. In the second polishing process, compattdthe first polishing process, the particle
diameter of the polishing abrasive grain used @afsed and hardness of the polishing pad 10 is
softened. For example, in the second polishinggss, a soft foaming resin polisher is used as
the polishing pad, and a cerium oxide abrasivengifzat is finer than the cerium oxide abrasive
grain used in the first polishing process is usetha polishing material.

[0060]

The sheet glass material G polished through tleergk polishing process is washed
again. The washing is performed using neutralrdetd, pure water, and IPA.

The glass substrate for magnetic disk 2 havingstinéace irregularity, in which the
flatness of the principal surface iquh or less and the roughness of the principal sarfa®.2
nm or less, is obtained by the second polishing.

Then, as illustrated in FIG. 1, the layers suckhasmagnetic layer are deposited on the
glass substrate for magnetic disk 2 to preparenthgnetic disk 1.

[0061]

The flow of the manufacturing method illustratedHIG. 3 is described above.

As described above, according to the manufactumeghod of the embodiment, the
sheet glass material having the surface irregylarivhich principal surface flatness iqu#h or
less and the principal surface roughness is Qrlor less, can be formed by the press forming
process. Therefore, the grinding process for imipg the flatness and the grinding process
having the machining allowance as large as aboOtu2® are omitted after the press forming.
Obviously, with the manufacturing method of the edtiiment, because the sheet glass material
is not produced by the floating method, the tirfusiion layer is not formed in the principal
surface, and a grinding process is not therefageired to remove the tin diffusion layer. In the
first polishing process and second polishing of fgrecess manufacturing method of the
embodiment, the sheet glass material G has theimaghallowance as small as about (11,
and the machining allowance is smaller than thektiéss (about 50 to 200m) of the
compressive stress layer. Therefore, there igganerated the conventional “roll-off problem”
that is caused by the large machining allowancthengrinding process and therefore the large
machining allowance in the polishing process.

The good impact resistance is obtained by the cesspre stress layer that is formed
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through the chemically strengthening process dfter press forming. Obviously, with the
manufacturing method of the embodiment, the imhmdasf the compressive stress layer caused
due to the tin diffusion layer formed only on onéesof the principal surfaces, does not occur
because the sheet glass material is not produc#teifoating method.

According to the manufacturing method of the eniimeat, the glass substrate for
magnetic disk having the good surface irregulaatguracy and impact resistance can efficiently
be produced.

[0062]

In the flow of FIG. 3, the chemically strengthenifstep S60) is performed between the
first polishing (Step S50) and the second polish{iatgp S70). However the sequence is not
limited to the embodiment. As long as the secoolisping process (Step S70) is performed
after the first polishing process (Step S50), tihenaically strengthening (Step S60) may
appropriately be replaced. For example, the foslishing process, the second polishing
process, and the chemically strengthening prodes®i(after, the process sequence 1) may be
performed in this order. However, in the procemguence 1, because the surface irregularity
that is possibly generated by the chemically stitegmgng process is not removed, the process
sequence illustrated in FIG. 3 is performed moedgrably.

[0063]
[Examples]
(Examples and Comparative Examples)

Hereinafter, the effectiveness of the method titated in FIG. 3 was confirmed by
Examples and Comparative examples.

In Examples and Comparative examples, the almioat glass (57 to 74% S}0 to
2.8% ZnQ, 3 to 15% AJO3, 7 to 16% LiQ, and 4 to 14% N®) was used as the glass material.

The magnetic layer was formed on the preparedsgtabstrate using in-line type
sputtering apparatus. Specifically, the CrTi adredayer, the CoTaZr/Ru/CoTaZr soft
magnetic layer, the CoCrSiQranular non-magnetic underlying layer, the Co€GRLTIO,
granular magnetic layer, and the carbon hydrideéeptive layer were sequentially deposited on
both the principal surfaces of the glass substraiéen the perfluoropolyether lubricant layer
was deposited on the deposited uppermost layer Bip@Eing method, thereby obtaining the
magnetic disk.

[0064]
- Examples 1to 5

The glass substrate was prepared through Step$oS200 illustrated in FIG. 3 using
the sheet glass material having the principal serféatness of 4m or less and the principal
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surface roughness ranging from 0.Q0t to 0.01lum. The sheet glass material was formed by
the press forming method illustrated in FIGS. 4 &nd

[0065]
- Comparative Examples 1 to 6

The glass substrate was prepared through Step$oS200 illustrated in FIG. 3 using
the sheet glass material having the principal serféatness of 4m or less and the principal
surface roughness ranging from 0.Qtt to 1.334um. The sheet glass material was formed by
the press forming method illustrated in FIGS. 4 &nd

[0066]
- Comparative Examples 7 and 8

The glass substrate was prepared through Step$oS200 illustrated in FIG. 3 using
the sheet glass material having the principal serféatness of 4m or less and the principal
surface roughness ranging from 0.Q@th to 0.002um. The sheet glass material was formed
by the floating method.

[0067]
- Comparative Examples 9 to 11

The glass substrate was prepared through Step$oS200 illustrated in FIG. 3 using
the sheet glass material having the principal serféatness exceeding#m and the principal
surface roughness ranging from 0.Q@# to 0.006um. The sheet glass material was formed
by the conventional press method.

[0068]

The conditions of the grinding and polishing ofalEyles and Comparative examples
were set as follows:

(T he first polishing process: the polishing was@aned using a cerium oxide abrasive
grain (average particle size; diameter ofih to 2 um) as a polishing material and a hard
urethane pad as a polishing pad, and the machatiogance of about Am.

OThe second polishing process: the polishing wasopeed using colloidal silica
(average patrticle size; diameter of ) as a polishing material and a soft polyurethaan as
a polishing pad, and the machining allowance otahqm.

[0069]

The flatness and surface roughness (the flatmebsarface roughness of post-forming)
of the glass substrate obtained by each of Exangplds<Comparative examples were measured.

The LUL (Load/UnLoad) endurance test (600,000 §ineas performed to evaluate
floating stability of the magnetic head with regpecthe magnetic disk that was prepared based

on the glass substrate obtained by each of ExangsldsComparative examples. The LUL
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endurance test is one that checks error occurratidepf head after test, and abnormality
generation such as abrasion by operating the Hd(disk device) in a cycle of lamp ID
stop - lamp - ID stop - ... while the HDD is placed in a thermo-hygrosta76fC and 80%.
After the LUL test of 80000 times/day 7.5 days =600000 times in which 10 HDDs were used
with respect to Examples and Comparative examfhestest result was evaluated as fail when
abnormality was generated even in one HDD.

Table 1 illustrates the roughness of the princquaface, forming method, and flatness
(pre-forming and post-forming) in Examples 1 torel@omparative examples 1 to 11 and the
LUL endurance test result (pass or fail). In thdace roughness of the post-forming in Table 1,
“OK” indicates that the surface roughness satisiesriteria of 0.2 nm or less (the criteria
required as the glass substrate for magnetic dsky, “NOK” indicates that the surface

roughness does not satisfy the criteria of 0.2 niess.

[0070]
[Table 1]
Glass material Evaluation
Surface Forming Flatness Flatness Surface LUL
roughness | method [um] after roughness | endurance
JIs processing | after test
B0601) processing | (600000
[um] (0.2 nm or| times)
less)
Example 1 0.001 press 1.02 1.13 OK Pass
method
Example 2 0.002 press 3.79 3.81 OK Pass
method
Example 3 0.00% press 2.34 2.31 OK Pass
method
Example 4 0.006 press 3.56 3.58 OK Pass
method
Example 5 0.010Qpress 1.74 1.73 OK Pass
method
Comparative 0.011| press 2.10 2.13 NOK Fall
Example 1 method
Comparative 0.058| press 1.47 1.49 NOK Fail
Example 2 method
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K Fail [0071]

As can be seen from Table 1, when the glass material formed by the press
forming method illustrated in FIGS. 4 and 5 has the flatness of 4 pm or less and the surface roughness
of 0.01 pm or less (Examples 1 to 5), the surface roughness reaches the criteria (0.2 nm or less) only
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As can be seen from Table 1, when the glass mhterimed by the press forming

method illustrated in FIGS. 4 and 5 has the flaar@sAum or less and the surface roughness of

0.01 um or less (Examples 1 to 5), the surface roughremshes the criteria (0.2 nm or less)

only by the first polishing process and the secpalishing process.

material passes the LUL endurance test.

[0072]

In such cases, the glass

On the other hand, as can be seen from Table dn Wte glass material formed by the

press forming method illustrated in FIGS. 4 anda5 the flatness of dm or less and the surface

roughness exceeding 0.Qiin (Comparative examples 1 to 6), the surface roeghmoes not

reach the criteria (0.2 nm or less) only by thstfpolishing process and the second polishing

process.

In such cases, the glass material feilgei LUL endurance test.

As can be seen from Table 1, although the glageriabformed by the floating method

(Comparative examples 7 and 8) has the good sumagghness and flatness, a warp is

generated due to a stress difference of the sw;faeeause there is a difference of ion exchange

between one surface in which the tin diffusion fageists and the other surface in which the tin

diffusion layer does not exist by the chemicallgesgthening process, and the flatness degraded
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1Magnetic disk 2Glass substrate 3A, 3B Magnetic layer 4A, 4B Magnetic head 50uter circumferential
edge portion 10Polishing pad 31Upper surface plate 32Lower surface plate 33Polishing carrier
34Internal gear 35Sun gear 101, 201,400 Apparatus 111Molten glass outflow port 120, 130, 140, 150,

220 Press,unit 1y 7 RiE A ddd@ ohRP BN HERWRIREEIRIYTAGE te2e2tnB GBI HiRg process.
In such cases, the glass material fails in the leddurance test.

As can be also seen from Table 1, when the glagsrral formed by the conventional
press forming method has the flatness exceedimg 4nd the surface roughness of Ou®d or
less (Comparative examples 9 to 11), the flathess dot satisfy the criteria (#m or less) only
by the first polishing process and the second pilg process. In such cases, the glass
material fails in the LUL endurance test.

[0073]

As is clear from Examples 1 to 5 and Comparatixaniples 1 to 11, when the glass
material formed by the press forming method ofdhdodiment has the flatness ofidh or less
and the surface roughness of Oyt or less, the surface roughness and the flatregssysthe
criterion required as the glass substrate for miagdesk only by the first polishing process and
the second polishing process without performing tdrending process having the large
machining allowance.

[0074]

A method for manufacturing a glass substrate fagmetic disk according to the present
invention has been described above in details; tiewehe present invention is not limited to
the above embodiment. The various alternations drashges could be made hereto without

departing from the spirit of the invention.

[Reference Signs List]
[0075]
1 Magnetic disk
2 Glass substrate
3A, 3B Magnetic layer
4A, 4B Magnetic head
5 Outer circumferential edge portion
10 Polishing pad
31 Upper surface plate

32 Lower surface plate
33 Polishing carrier
34 Internal gear

35 Sun gear
101, 201, 400  Apparatus

111 Molten glass outflow port
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122b Spacer 123First driving unit 124Second driving unit 160Cutting unit 161, 162 Cutting blade
171First conveyer 172Second conveyer 173Third conveyer 174Fourth conveyer [CLAIMS] 1.A
manufacturing method of glass substrate for magnetic disk including a pair of principal surfaces, the
method Cﬁﬁp%tﬁ‘gﬁ@ sltg@,sﬁo preegepming press forming to molten glass to prepare a sheet
glass material, the sheet glass material having a roughness of the principal surface of 0.01 m or less
and targétzfiat%%%s of a gl%§§ts@l$strate for magnetic disk; chemically strengthening the sheet
glass majerigl Ry dipping theehert olaks Epataral i chemically strengthening salt containing an
alkali metal ion to form a compressive stress layer at least on the principal surfaces of the sheet glass
material,]tﬁgr@&?preparinﬁe&ﬂﬂ@ﬁbstrate; polishing the principal surfaces of the disk substrate
by pressimepihe pghgtyeg pad against the principal surfaces of the disk substrate while supplying a
polishing IutionFincIS%in a polishing material between the disk substrate and the polishing pad, and
relativelyl% ving Gk W&@o@ﬂ%\te and the polishing pad, wherein a thickness of the sheet glass
material peparedSigctivedpdasmtpuming step is larger than a target thickness of the glass substrate for
magneticjfg'ﬁk byélgﬁgshin% guantity of the principal surface polishing step. 2. The manufacturing
method of glass su Strae 1or magnetic disk according to claim 1, wherein the press forming step
includes 1164 si€Es@itting blade

171 First conveyer
172 Second conveyer
173 Third conveyer

174 Fourth conveyer
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causing a lump of the molten glass to fall down; and forming the sheet glass material by
performing the press forming to the lump while sandwiching the lump between surfaces of a pair of
dies from both sides of a falling path of the lump, the dies being disposed opposite each other, the dies
being set@y_gmg?ntially same temperature. 3. The manufacturing method of glass substrate for
magnetic disk according to claim 2, wherein the pair of dies is opened immediately after the press

forming is perforrhed tB8HRfaRTBOGHI E@IR s i918aadRHEREAIS iRBBRLA JRITHIEYAHNEth& gadioPlies

in the stefatigamitersiee sheel vlagpmairfiptising thelft@pganufacturing method of glass substrate for
magnetic disk according to claim 1, 2 or 3, whereln the target flatness as the glass substrate for

magnetic disk is B§IHPOPIRLPTESS OO hIRRURR YRR IR A'GPRRISS JTReHG NI Shaet
according|iz§lmandsia), feirty BIFSRIHIRBETTBhRiA SR ECHPI0D it Bieekalase matnsial hnkeeen

the forming step and the polishing step.. . 6. A glass substrate for magnetic disk that is
manufacﬁﬁ@éJ ?@‘hﬁ%ﬁi‘?ﬂr’ﬁ %%tt'ﬁd%l glass substrate for magnetic disk according to claims 1,

2, 3, 4 or 5, wherehe tinealpssrengseatntp thoareetigtiisk hastdhalippnoiptissfacegladsthetaiabss of
4 jim or I%ﬁ%r%ﬂga yestrrglrju%m]eerﬁ%é) fs%l? cnorﬂtglrnlﬁsgsan alkadital ion to form a compressive stress layer at
least on the principal surfaces of the sheet glesterial, thereby preparing a disk substrate;
polishing the principal surfaces of the disk stdist by pressing the polishing pad
against the principal surfaces of the disk subestndtile supplying a polishing solution including
a polishing material between the disk substratethagolishing pad, and relatively moving the
disk substrate and the polishing pad,

wherein a thickness of the sheet glass matergghased in the press forming step is
larger than a target thickness of the glass subsfoa magnetic disk by a polishing quantity of
the principal surface polishing step.

2. The manufacturing method of glass substratenmgnetic disk according to claim 1,
wherein the press forming step includes the stéps o

causing a lump of the molten glass to fall dowrg a

forming the sheet glass material by performing piness forming to the lump while
sandwiching the lump between surfaces of a padied from both sides of a falling path of the
lump, the dies being disposed opposite each otherdies being set to substantially same
temperature.

3. The manufacturing method of glass substraten@mgnetic disk according to claim 2,
wherein the pair of dies is opened immediatelyréfie press forming is performed to the lump
while the lump is sandwiched between the surfatéleopair of dies in the step of forming the
sheet glass material.

4. The manufacturing method of glass substratenfagnetic disk according to claim 1,
2 or 3, wherein the target flatness as the gldsstsate for magnetic disk ispn or less.

5. The manufacturing method of glass substratenagnetic disk according to claim 1,
2, 3 or 4, further comprising the step of scribthg sheet glass material between the forming
step and the polishing step.

6. A glass substrate for magnetic disk that isufectured by the manufacturing method
of glass substrate for magnetic disk according l&ns 1, 2, 3, 4 or 5, wherein the glass
substrate for magnetic disk has the principal serf@ith the flathess of gm or less and the
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roughness of 0.2 nm or less.
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