MANUFACTURING METHOD OF A GLASS BLANK FOR MAGNETIC DISK AND MANUFACTURING
METHOD OF A GLASS SUBSTRATE FOR MAGNETIC DISK CROSS-REFERENCE TO RELATED
APPLICATION This application is based upon and claims the benefit of priority of US Provisional

ApplicatignaNgy A& R edladef e Y Hratgnicand JEagqmark Qitge an ket BistOldnihe

entire contents of which are incorporated herein by reference. FIELD [0001 The present invention
relates tdVHANSAFSHUAHY R dfot PR §15s8 StRbaStdPmEgAdtc 2R AMGN]Ks k for
magnetic disk having a pair of principal surfaces. BACKGROUND [0002] Recently, a hard disk

device is incog)orated in a personal comguter, a notebook ﬁsonal computer, and a DVD (Digital

Versatile PR %&ﬂﬁﬁ&g 1R R E8 ARBIdGAH rticularly, in the hard disk device used in
an appa}raltus suggs %@@lt&&ﬁbﬁcli& Rﬁ%ﬂ%p@mméd@@ﬁﬁﬁ mmé@@wtwéﬁwmwiwwgmnﬁlich a
magnetic layer is provided on s.substrgte is , and_magnetic recording information |
roooraed LAY G As HEE 1aHG oes HPEAFTAN (IRGHTE PR kh 2 Aba)
that is sligiglgritietedruprasoffadiodf dne imagpetiatdis indwgiveferéngiass substrate is suitably used as
the substrate for the magnetic disk because a glass substrate is hardly plastically deformed compared
with a metallic substrate. [0003] The magnetic recording density is being increased in order to
respond kL flemand for an increase of a storage capacity in the hard disk device. For example, a
magnetic [858 ing information area is finely formed using a perpendicular magnetic recording system

in which a"magnetization direction of the magnetic layer is oriented toward a direction perpendicular to
the substrate surfdtse, Wesshliowetiensisiatescipagitin@béicicréaeatne snglastsicsbskataefan

order 10 iasRARAIIE JHdnehIasEeRRR RTdheRIgRER 8@&@% GallogingiRansG Rldhe magnetic

head from the magnetic recording surface is extremely shortened to form the fine magnetic recording
information area. With such substrate of the magnetic disk, the magnetic layer is formed flat such that
the magisAizigrirggtion of the magnetic layer is oriented toward the direction substantially
perpendicular to the substrate surface. Therefore, the glass substrate is formed such that surface
irregularit)[QQqala glass substrate is decreased as much as possible. The shortened floating

distance of the nR@petit/haashrdayisiasiby kalisscbassH se G pdtsuhle oo tesmal asraidyirpeRienal
Because these troublaa are causiﬁ,b, the micrQ irr(ﬁuliri% or article on the m?&?netic dislg(gu face,
aguI 2\

the glasscgﬂﬂﬁwgfe RY8rhed \ddc hg%%tee W B0 dacFess ata.
much as paskiblerly, addhi®haedtioksloti tvécerisiobinsaptagru 0604 as themexabudk, gbsgledscomputer

e At S SRR P le AV e et el 2 st
forming. djeemesrajfmnmj;ngzﬁ'ﬂ; pep‘ordilegi toftinn gtess @atewmiemareaai dhaat glamgrmaﬂieﬂalyesingit‘rgea
s g TR BT A e S A U AR e v
3709033M$Qmesc disk surface. A glass substrate is dyitaded as the substrate for the magnetic disk
because a glass substrate is hardly plasticaltyrohefd compared with a metallic substrate.
[0003]

The magnetic recording density is being increaseatder to respond to a demand for
an increase of a storage capacity in the hard diiskce. For example, a magnetic recording
information area is finely formed using a perpentic magnetic recording system in which a
magnetization direction of the magnetic layer iemted toward a direction perpendicular to the
substrate surface, which allows the storage cap&mibe increased in a single disk substrate.
In order to respond to the further increase of stewrage capacity, a floating distance of the
magnetic head from the magnetic recording surfacexiremely shortened to form the fine
magnetic recording information area. With suchssate of the magnetic disk, the magnetic
layer is formed flat such that the magnetizatiaeation of the magnetic layer is oriented toward
the direction substantially perpendicular to thbsttate surface. Therefore, the glass substrate

is formed such that surface irregularity of thesglaubstrate is decreased as much as possible.
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With the method disclosed in the Japanese Patent No. 3709033, after the glass gob made of the
molten glass is supplied onto the lower die, the following steps are performed: a lower surface of a
body for upper die and an upper surface of a body for lower die are abutted on together; a thin sheet
Glass forming spagR IS Rffaal @ yisiifg AIGif I ERTRHUBRBBR HRRELRNIE ORI LRRSY
die and a sliding surface between the |ower die and the body for lower die; theupper die is moved
down to PeHBIfh e Préla8rvahiAgPaHE/ tHECUBIRr diB8sFHEEANFPHRIAS dRIR IF-aHEReh&)Hrél8 fHMRIAg.
Thereforgr&agiahiebelassariaiertH il RRERIEsS didaaaditiie giRss subsiiaie O fenagaesiGcIkas the

formed. Then, the glass substrate for magnetic disk is obtained after a grinding process and a
polishingSHFERESATRBEBIY Of RthersHiRFRJSHARR S TR AY5R a5 PRASHIS JrAgHton (RiphRIntig
loose abpasivepalaingaliethe grinding process, a first grinding process and a second grinding process
are perfori@ﬁg sing the loose abrasive grains having different particle sizes. A particle size of the
loose abr rain used in the second grinding process is set smaller than that of the loose abrasive
grain used in theRwstexardplg, ptoeegasEhetdfsirat¢heswdrise grindisgeiok iberfiarudaotliredaly the
performed in this order. . The.polishing process includes a first polishing progess in, which the.lgose
Borasive QIO Lo Bt et ehe C e A R PR s R R e
polishingspiuless ontohichoeatioitial thititasaa dacafiyesiimiegtetie) potishdoamengsedpeerpaticle Hee
of the abgasiye [ ' | ishin > I$ llet. ye.grai

i the U o LEBsbac Ret st mianet dupy e et aId e S T 18 Dot
the secog@pdnsming hecewrddRenaheethalassametenialaipngaivie tgrairplrssd shlbst atestarolidanmgation

process.,{g(g%]ng mEBHﬁni%ﬁ”%%‘ﬁﬁﬁT@ gg%cgaﬁigge%ttﬂﬁ@%sﬁ)%ggg_ate, the first grinding process,

the second@'%rlndlng process, the first polishing process, and the second polishing process are
performec[ 9%k order, and the glass substrate is formed such that accuracy of surface quality such

as surface roughpggs REtRREHasSdIsEIaLeils BIEAd N Sah aRaeAE KOO8, aftdiar éjlaf%{%@ﬁl hgde

sheet glass material, a mold release agent is applied to the die surface in order to prevent the glass

material RoFiSuRIAEED SlesHidSEHREUSHONE 1PBPYR' SHE NN, Fis0S 8 RERIGAREsE dPnRr
principal suiigse of iersbgeioglapparairsialig inarepird keeaitsesidheardnatslvelegiscaaeabulioer®is
a large surface temperature difference between the upper die gnd the [ower die, and the lower die to
which thOGELEEG (I A B BRI QU MePAF R S DM o BrLe Pty AU R RAFE SR B MePFre
surface tdivperative ohifisr énoepprrstie andrapdiding s dititvudion theal tivelkrtis sadebiéonooktfer fommeed
sheet glass material and in a plane of the plate, a shrinkage guantity of the sheet glass material that is
taken oLl R U TE T o R LSRR e RN R e ST e e Fo e
glass materizddiately titeplecpré Ssefptatendl helstezetariesthaeitglads seatsy &b thvat heonmintbe e fosse of
good fla f materjal.i [ ] f e >
class male gz oot T A RS Tl AR Bt O3S sups A BBl dRg
process, Gbtainedaaftenekqgroling pfeeess pizd rcpsuisbiogadaier to improve the flatness. However,
when the s al stock is increased in the grinding process, a deep crack may be generated in the
surface of the s eet}glass material. Therefore, in the polishing process that is a post-process, the

removal stock (pBlisHBg HiRHAE)) REAEES o aBKARBIEa N RHRBHSHPED SiFiia atdUmingedepse
crack. Hewpyaediathie rﬂﬁﬁéﬁgﬁ@%%%@@%ﬁeﬁ ﬁ?gi'aﬁ]q]%ﬁﬁﬂegdowﬁﬁassi@cwh'& ﬁh@ii@éf%ﬁocess
|

abrasive grains and the resin polisher are used, the neighbarhood in the outer circumterential edge

portion iSFEURRIERITRGABIKLIDS QnssRMABNEHIEh g HUfRERE AaTIE LS &S roifdippiBia sike A

the ec?gc?(ﬁ@thr?T%gﬁéeQ?%lﬁﬁJl&@jgﬁim@’wi@ﬁ?ﬂ@@@sciﬁfg@iﬁfmt.%ﬂ g}@?tﬁﬁfﬂgmﬁ |OO_S€
roundaed in e.snee ass aterial, IStanC etween em netic layer an e magnetic nead In
the neig AR BFa: URR: B HEr b GRLIdng s B e es e J9ares, RETBE ARG IS ffor

the magngticiepdria padtnercaorianobiberglass substrate when the magnetic disk is prepared using
the sheet glass material as the glass substrate. The surface.irregularity is generated hecause, the .
neighborhood of I dLtr e L ERtal SUIE oI h I TSRS D BAe AL (9G7E g doive
recordingyeaid seentirags opesTatio osidet e ohagnetit tesad erenispercarelyupedanttd setdomdnpghsting
layer in e Reldhperhan ehiae gy isrelranmierentipledas aeRinyIiis s e qrol-ALHBRIEN s ze of
When the removal stock Is increased in the polishing process, a time necessary for the 'polishing
process iberdhtasisyokiigthieaddn[doa dirst polishing pescis smaller than that of the abrasive grain
used in the second grinding process of the gringimugess. The particle size of the abrasive

grain used in the second polishing process is em#lban that of the abrasive grain used in the
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In view of the above, in order to improve flatness of disk-shaped glass material after press formed, the
inventor has studied a method including "dropping process for dropping a lump of molten glass;

pressing process for forming a sheet glass material by sandwiching simultaneously the lump from both
sides of tﬁ}gtdﬁg i Hﬁ%b%%g?e lump with surfaces of the pair of dies facing together, and performing
press forming to the [ump". With the method, use of a mold release agent is not required, and flatness
may be in{BQWe]d because temperature difference is not likely to occur between the pair of dies. [0011]

However, as the fNetqs hRs Swdied bRrebeReMS eraigihat MB&M@W&C%H(H%‘Q“&H&@QO%
C

method, thickness varies with respect to ePositions on the principal surface (thickness variation).

Even if gRREANY, QHRUAIREOTEBRrilimlSh BAURTINEPHRAENS), Yafin SEEPEO RVSEHNRe DIRTESEN FF

the machpee@snei@cs, tard slegicennd pReatiticatim seanrpidritRaiarairapmrady Fofrtirtateetpiigis
problem tha defect(\f\/hich ﬂi@i]nates f OH‘I th%%lass material r mairhs, or taat flatness of the glass
. cc it

material BEES RS EVBREIGIEEINES é g @?HBE With g blade, a cut mark may

remain in foeGBjeet glass material. Then, there is also a problem that the cut mark still remains as a

defect in the machined glass substrate for magnetic disk..[Q012 In view of the abqve, an gbject of
ra ocont imvontBE e W sREE AR R El> H dnoladBe 2AeR HC A 0 Sl

which thislrfass waggitlen tis preatntitheaipestitaposititiosnog thaheidepal aces®btuh upata dlassd

betrat tic o ) LB _ ; : o
SUMMAI e AR R R O et IESE o SULC BRI ARiceh e el TRE haterial i
method dherepssshesRicentidghetimaldkrglicasinggephir dBpdangsl surfacestennpanastieddifayence
include: geqpRiBe BAGHHSHOAL APRINEABHRP GEMAlEAGRe REERHIRG RRACESR L0 B AN AS0E e

glass material by sandwiching simultaneously the lump from both sides of thé dropping path of the
lump witl9'83gaceaieriale [SaiFBpRIES 966 TRfethigh afRMRESHHRRF BHESS 1B RCH RIS alye
tempera‘ﬂ'i’?%?é‘dfé%ﬁBﬂlﬁ%%ftéﬁ{pﬂﬁtﬁﬁé%@fﬂﬁﬁfﬁwrﬁl@(ﬁ@s@%%ﬁw%@‘ﬁﬁrﬁ%ﬂ{&i %ﬁ@%?i;?d@

that viscosity variation of the lump is reduced with respect to positions over the entirety of the lump i

. pin
the presSiJ§itass p@aiane eelisnalas, e Sof e BraUbhPIHAenHRES Yanammetiatihahsriales
a glass birikristhmag arRsieudiskdortiadingoaprirofitinsimpiite fiackpe sheimaiiod oraMdneiAed sheet

Mg e T G T e S e
forming arshetirglagphiitenas by sardivichiw sheet glageualyisheoluaspitrost both sides of the
dropping F@Hbﬁj‘ the lump with surfaces of the pair of dies facir_lg t_ogether, and performing press
forming to'the Tump. [0015] Preferably, the temperature adjusting process may heat the lump by
use of a heating Seetifiattheshefativey Seextiogl pesitiaie dad roam dpeowp dihy plaehguintia duthst[gahd]ng
process). For example, in the grinding processn@val stock (ground quantity) is increased
in order to improve the flatness. However, whesmrmoval stock is increased in the grinding
process, a deep crack may be generated in theeswfdhe sheet glass material. Therefore, in
the polishing process that is a post-process, émeoval stock (polishing quantity) is also
inevitably increased in an attempt to eliminate deep crack. However, when the removal
stock is increased in the polishing process in Wwhite loose abrasive grains and the resin
polisher are used, the neighborhood in the outeuciferential edge portion is rounded in the
principal surface of the sheet glass material toseaa “roll-off problem” of the edge portion.
That is, because the neighborhood in the outeumiferential edge portion is rounded in the
sheet glass material, a distance between the meagdager and the magnetic head in the
neighborhood of the outer circumferential edgeiporbecomes larger than the floating distance
of the magnetic head in another portion of thegagstrate when the magnetic disk is prepared
using the sheet glass material as the glass stéstréhe surface irregularity is generated
because the neighborhood of the outer circumfereatige portion has the rounded shape. As

a result, the recording and reading operationhi®@fmagnetic head are not precisely performed
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Preferably, the temperature adjusting process may heat the lump by use of a holding section. The
holding section may hold at least a vertically lower portion of the dropped lump. [0017] Preferably,
the manufacturing method of a glass blank for magnetic disk may further includes cutting process for

cutting maliga W%%%%@IS#EM& iRARSIghD® IRHREETIHE BAIEHAR RIAGSFE dBRYBRRGA CUFARGHK fhat

is formed with the Cutting blades in the cutting process. [0018] Preferably, difference of the
viscosity 6PHHTtREPBIRMarks formed on the lump may be five million poise or less. [0019] Preferably,

temperatures of (g gaifHd ?@ﬁﬂ%@@d@%fﬁﬁ%@rﬂ'ﬁﬂ?%dﬁfﬂ’r‘éc@%?a[ﬂﬂ?@hecegéﬁf?@&'%e

the glass may contain, as converted based on the oxide, denoted as molar percentages: 50 to 75%
5102, 1 tdPHBSRRBHBEGBEIIS & REPYESRAY IERAREREEomponent selected from the group of Li20, Na20,
and K20, {o@dlg]0 to 20% at lease one component selected from the group of MgO, CaO, Sr0, BaO,

and ZnO, and totally .0 to 10% at Jease one component selected from.the group of Zr02, Ti02, L a203,
Y203, Ta08, NUBCHEHNETHES A00V) TR Byt D PLSs AARETI SUPHED HaRR faehsay Tt
method qfrasglafesrhisthkife inagnedic lthsk sttt edh ook thelg dimdy et apiing process fiar alridipgimgoien
glass to tl)btainéaf llrjnn(])ﬂé)r]; m Itsesr_l Iraessss'iﬁeatirr](;ggroc ss ¥8anae1at.n$e? cvtéaorti%r,g CH‘ q]%lu@%ngf/vm%tr?n
glass; anHmoormlng proces for preparin a%l Blank 6t mag%e ic disk of Shae g‘]a}as ma eria'coy g
press forsiinglténecionsy che dltep dfass hath sipais of dies giftg plathheting lmpesstGoedesefdr tinty,
tempera t | y ' igher [0023], f t
heating ré%gsaﬁg%%@%%qgﬁg}wﬁﬁd@%q&ﬁaﬁﬁ{geﬂ%ﬁgﬁx’ ?r%@tpéﬁ fembggpagh{f%ﬁo{ t é Oglg'lt]ai?ssse.
[0024] of a mold release agent is not required, and f@n@ay be improved because temperature
difference is not likely to occur between the pdidies.
[0011]

However, as the inventor has studied, it has beadear that, when manufacturing with
the above method, thickness varies with respepbsitions on the principal surface (thickness
variation).

Even if grinding, for example, is performed to Isuglass material, removal stock
becomes uneven on the machined surface, and defrparallelization cannot be therefore
improved. Further, there is a problem that defebich originates from the glass material
remains, or that flatness of the glass materiablmess even worse.

When cutting molten glass with a cutting bladesuad mark may remain in the sheet
glass material. Then, there is also a problemttiatcut mark still remains as a defect in the
machined glass substrate for magnetic disk.

[0012]

In view of the above, an object of the presentiriion is to provide a method for
manufacturing a sheet glass material (glass blahkyhich thickness variation is small with
respect to positions on the principal surface stiedt a glass substrate for magnetic disk

excellent in flatness is efficiently manufactureidhout a defect.

SUMMARY OF THE INVENTION
[0013]

First aspect of the present invention is a marufang method of a glass blank for
magnetic disk including a pair of principal surface The method may include: dropping
process for dropping a lump of molten glass; presprocess for forming a sheet glass material
by sandwiching simultaneously the lump from botkesiof the dropping path of the lump with
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Preferably, temperatures of the pair of dies at timing when the press forming begins may be lower than
a strain point of the glass. [0025] Preferably, the glass may contain, as converted based on the
oxide, denoted as molar percentages: 50 to 75% Si02, 1 to 15% AI203, totally 5 to 35% at lease one

componeqnpelected e PouRef ﬁaié’iﬁgBa Ret?8d KaBopHY PA9sCOMrATiIRATE e RAMPOaRAT

selected from the group of MgO, CaO, Sr0, BaO, and ZnO, and totally 0 to 10% at lease one
compondRRFERtAE fASHY IO ¢ Qs @3S fop adiosting seMPEes the damPNisios el PrRESINgoprICess

Preferably;dhafiaalsedigroananay srahd vt R oL BRNRA %@ﬁ%&hﬂ)@d@ﬁtiéﬁ?&%mﬁ@%ﬁﬂm of

process drops, and wherein the pair of dies is located on the both sides of the dropping path. [0027]
PreferabHI SR P RERSUBHAPERSR out heated gas for at least a cut portion of the lump of
molten glgeg eyt in the cutting process. [0028] Fourth aspect of the present invention is a

manufacturing method qf a glass substrate for magnetic disk by use of a glass plank for magnetic_disk
anufactured by SFRF UG b bAHSTY MUBILED AR PRSI S TR, AN for
magneticehgietay diskudieciaditigg prpagssfopriutipy solfenaEise tmethtaih ammbymimoiloielteinoypsy)
heating process for heating a cut portion of the lump of malten glass:. and forming. process fo

orepan g R Bl TR T R e e AR A e B SRS R
glass witiithptengfaedas @targher hisatin thprticessti (00 29 Peetatibig, tHessaaotheueisygettamkss dor
glass su e dis ' [ni inj Ingi f

of the giach Tl eray e ass Thate el ol RITERNG SBenet I TRA AR LR ShRs e
THE DRAWIRGS [BOBA] tRdiemnhy o wutfanesaahiie @kictodigsinghicg ebher aavet s tarsdigprsss

disclosurﬁrﬁiﬁg 1A I8 m%.illustrating a magnetic disk prepared using a glass substrate for magnetic

disk accor[cgg 5]o an embodiment of the invention;

Preferably, the temperature adjusting process heay the lump by use of a heating

section, the heating section positioned aroundmgngppath of the lump.
[0016]

Preferably, the temperature adjusting process heay the lump by use of a holding

section. The holding section may hold at leastrdocadly lower portion of the dropped lump.
[0017]

Preferably, the manufacturing method of a glassilblfor magnetic disk may further
includes cutting process for cutting molten glagh wutting blades. The temperature adjusting
process may heat a cut mark that is formed witlctieng blades in the cutting process.

[0018]
Preferably, difference of the viscosity of the tauit marks formed on the lump may be
five million poise or less.
[0019]
Preferably, temperatures of the pair of dies malolwer than a strain point of the glass.
[0020]

Preferably, the glass may contain, as convertsgdan the oxide, denoted as molar
percentages: 50 to 75% SiA to 15% AJOs, totally 5 to 35% at lease one component selected
from the group of IO, NaO, and KO, totally O to 20% at lease one component selefcbea
the group of MgO, CaO, SrO, BaO, and ZnO, and ltyolto 10% at lease one component
selected from the group of ZgQiO,, LayO3 Y203 Ta,Os Nb,Os and HfQ.

[0021]
Third aspect of the present invention is a marnufagy method of a glass blank for
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FIG. 1B is a view illustrating a section of the magnetic disk; FIG. 1C is a view illustrating an
arrangement in which a magnetic head is floated above the surface of the magnetic disk; FIG. 2is
a view illustrating a flow of a manufacturing method of a glass substrate for magnetic disk according to

an embogimaniR! Higdnvanimétfad3 g Renvieveat FRIUEIERSE MAIFERSJIRYBIRY obtafnl G-

4A is a side view illustrating an arrangement before the molten glass and a cutting unit contact; FIG.
4B is a slHEWISH MRLEAEHESEN RepdRgeRTeREaRdPtMCRUIRHGARIELPTHE Srb Y, GlaBslten gasssand a

side VieV\fd“HﬁH@tm@@é@r@ﬂﬂ?@b@Fﬁw\fﬁrj@@)@ﬁe&%ﬁﬁg SV RBE TS &r%&%&@%&&m&f 8ss
molten glass; FIG. 5A is an overall view of an apparatus used to perform grinding using fixe

abrasive 'GP 16 'WBALHDRNET GASRNG A 2 AFIEPIEEHS: the BpRUPHRE%eSfs. 5A; FIG. 6is a

yiew illgst[gtbrzg_]an grrangement in which a sheet glass matt_arial is_ground; FIG. 7A is_ a sid_e vie_w
Pt edl- - Ao ke T S e e
illustrating @@23&jrangement when the pressing unit performs press forming for a lump of the molten
e AT R T R T T
illustratiniysan sibioditiem pevatick thdlyhlastemperature-equalized using the funnel-shaped
temperatulrﬁo%n,lalization section;

Preferably, temperatures of the pair of diesrainty when the press forming begins may
be lower than a strain point of the glass.

[0025]

Preferably, the glass may contain, as convertsg@dan the oxide, denoted as molar
percentages: 50 to 75% SiA to 15% AJOs, totally 5 to 35% at lease one component selected
from the group of O, NaO, and KO, totally O to 20% at lease one component selefctead
the group of MgO, CaO, SrO, BaO, and ZnO, and ljo@lto 10% at lease one component
selected from the group of ZgQiO,, LaxO3 Y203 Ta,Os Nb,Os and HfQ.

[0026]

Preferably, the heating process may heat the linmpolten glass while the lump cut in
the cutting process drops, and wherein the paidie$ is located on the both sides of the
dropping path.

[0027]

Preferably, the heating process may blow out ldegée for at least a cut portion of the

lump of molten glass cut in the cutting process.
[0028]

Fourth aspect of the present invention is a manufeng method of a glass substrate for
magnetic disk by use of a glass blank for magndisk manufactured by a method of a glass
blank for magnetic disk. The method of a glassibler magnetic disk may include: cutting
process for cutting molten glass to obtain a lurhmolten glass; heating process for heating a
cut portion of the lump of molten glass; and forguiprocess for preparing a glass blank for
magnetic disk of sheet glass material by pressifaggrthe lump of molten glass with a pair of
dies after the heating process.

[0029]

Preferably, the manufacturing method of a glagstsate for magnetic disk may include
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FIG. 9A is a plan view illustrating a condition in which the funnel-shaped temperature-equalization

section is partitioned and the gob drops; FIG. 9B is a side view illustrating a condition in which the
funnel-shaped temperature-equalization section is partitioned and the gob drops; FIG. 10Ais a
plan vievy ilStiRHiich G FOBELLOR YRR Q%ih‘clgé{l‘&%?é‘f”tﬁ@ eAURIg PR E AR Yith,
temperature-equalization section; FIG. 10B is a B-B sectional of FIG. 10A illustrating a condition in

which théegaevial ieiegle AitBRTEQLRRd using the spoon-shaped temperature-equalization section;
FIG. 11A is a plan view illustrating a condition in which the spoon-shaped temperature-equalization
section is_partitioned and the gob dro FIG. 11B is a side illustrating a condition in which the

.
spoon-s %%ﬁlﬁy é%EaTi%Fr %M'M%grtitioned and the gob drops; FIG. 12Ais a
plan view jiiggioating a condition in which the gob is temperature-equalized using a sheet-shaped
temperature-equalization section; FIG. 12B is a C-C sectional of FIG. 12A illustratif; condition in
which the gob 15 EEEIE, TBLAR A5t GEHRP HEPLHEES SHAE B ARV U AR eion,
FIG. 13Ais a plaRi@eviAlustratingva dhustitiingnavhiclyties g alisttrgpeddonsing sheghshapedtrate for

temperature-egglglidzlakion section; and E!% 13B isfe% sé%/}]e_w illustrating a condition in which the
es ur

gob dropS fENS AL NS R A SRS N Y AS T8 ion. DESCRIPTION OF THE

PREFERRED EME®DDLBAE N VER{0UBSteHing &stmigimehthe gnatiodiakfacturing method of a glass

substrate for magiel’s 4k achRIRNALAARPLEPRNEINEERR WUKPS FRSSHBES R AF1E'RERM above

(Magnetic Disk and Glass substrate for mag
the surface of the magnetic disk;

FIG. 2 is a view illustrating a flow of a manufaihg method of a glass substrate for
magnetic disk according to an embodiment of therition;

FIG. 3 is a plan view of an apparatus used ingf@sning;

FIG. 4A is a side view illustrating an arrangembeetore the molten glass and a cutting
unit contact;

FIG. 4B is a side view illustrating an arrangemaftér the cutting unit cut the molten
glass;

FIG. 4C is a side view illustrating an arrangem&hen a pressing unit performs press
forming for a lump of the molten glass;

FIG. 5A is an overall view of an apparatus usedp#oform grinding using fixed
abrasive grains;

FIG. 5B is a view illustrating a carrier used lre tapparatus of FIG. 5A;

FIG. 6 is a view illustrating an arrangement inehha sheet glass material is ground;

FIG. 7A is a side view illustrating modificationtiefore the molten glass and a cutting
unit contact;

FIG. 7B is a side view illustrating an arrangemaftér the cutting unit cut the molten
glass;

FIG. 7C is a side view illustrating an arrangemg&hén the pressing unit performs press
forming for a lump of the molten glass;

FIG. 8A is a plan view illustrating a conditionwhich the golis temperature-equalized
using a funnel-shaped temperature-equalizatiomosect

FIG. 8B is an A-A sectional of FIG. 8A illustragna condition in which the gab
temperature-equalized using the funnel-shaped texhye-equalization section;

FIG. 9A is a plan view illustrating a condition iwhich the funnel-shaped
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Referring now to FIGS. IA to FIG. 1C, a magnetic disk manufactured using a glass substrate for
magnetic disk will be explained. FIG. IA is a view illustrating a magnetic disk prepared using a glass
substrate for magnetic disk according to an embodiment of the invention. FIG. 1B is a view illustrating

a sectioq%ﬁg@rmg G disktiGHxek&ids ‘?"s‘fb Wi%ﬁém@g@hﬁgeggement in which a magnetic head
1S P ; ;

is floated above the surface of the magnetic disk. [0032 As illustrated in FIG. 1A, a magnetic disk
1 is a ring-shapebi!@ndIB difved aPiidvieixidlesFaitidnaasangditiated . e, therfigaredisk

lhasag SHigHASR ARG LSSt IBANBS K iRiSd AedB iropdiote that, except the magnetic
layers 3A, 3B, although not illustrated, an adhesive layer, a soft magnetic layer, a hon-magnetic

underlying layer, & -petféndiSuld nRiBRet¥eucol iRy ARG, LorGRIEHOMEWVRIGH 2 I8P Syer
are depogitRgeFauexamrtized abmy s apeliat Jnape adhpsiw aiefare deetrahesive layer acts as a
bonding layer to gl substrate 2. For exa CoTa7r alloy is applied for the soft magneti
ayer. For xameliCad Qo 1€ dgs GPRPHR ROt gkt LIS, e RAVAIOR BTN I s
layer is agphipdrfnutbespagized tsmyniag spto nesivngiag layspeiguakaatipe seatierial containing
carbon hydride i plied for.the protective layer. Fluorine resin is lied for the lubricant layer, for
cxample. [0032] T T e eheltk 1t e S DA S o
adhesiveényperat@eTeuAiaADionsacsof maaTttionagdieaRdomagrlying layer, a CoCrPt-SiO2TiO2
granular magnetig Jayer, and g.carpon.Qydri ive la : quenti osited in
principal surfacef Io 'thelg%ss?séubggragtlgé V\}ﬂﬁ%@%ﬁe%g?g@ﬁgﬁ. %pe%oiﬁgoléﬁ gﬁ I%@%%gﬁ
layer is tteimpRIebSIR€ ralizaiipp seatien|is/patiiantig iediolk thePs0034]  When used in a hard

disk device, t_he rpﬁg_net__{% Aiskl rgtal;ﬂgrgr(}”gg,thm@gﬂ%gﬁéotaéiogmg}t(&ﬁﬁtimﬁeﬁeql% 7,389 rpgn for
example. As illustrated in FIG. 1C, magnetic heads 4A and 4B of a hard disk device float from surfaces

of the mdgAER! fidle 18y alidriaviagrrEhetisehsmad iagHBFE@ seigshsscliftiimagnetic disk 1. The

distance H is 5 nmdor example. AdhizeaiMalts mroNelia hrastedih ashdRisacH dvnchreqd gigces of
information in and from the_magne_tlc layers. With the floating of the magnetic heads 4A and 4B, they

record afePESENESIHROHAERR P RS iR A aRI-RRaRRteKFERAYA EBEYRK 1 at a short

distance without sliding 3iae imagngss Reagsitdsaad B #rierbriorontts leyergteielypealingise
fine magnetic recording information area and high density of the magnetic recording. A central
portion o?l?r‘?@ 'Ff?&&ﬁ&&%?&@%ﬂis%a@@i Yoy gﬁl%uter circumferential edge portion 5 are

precisely proces$e@ witBBaiges ssidaceiaoculiasyrating the coadiieiic Wwaiasts thie agolehid gaurfioenthewefore
precisely %%ergtﬁd whé'l the disttanqe Hof5 pm is mfintained. [0035] Regarding surface
irregulari%y ﬂhs %Pl% ig%'f@&ﬁ%é’éeo?ﬁw%g&%{"sg’ QUiSStrate 2 used in the magnetic disk 1, flatness is 4
pm or less, and surface roughness is 0.2 nm or less. The flatness of 4 jim or less for example is target

e T e e e "
[0031]
<First Embodiment>
A manufacturing method of a glass substrate fogmatic disk according to the present
invention will be described in detail below.
(Magnetic Disk and Glass substrate for magnetik)dis
Referring now to FIGS. 1A to FIG. 1C, a magnetiskdmanufactured using a glass
substrate for magnetic disk will be explained. FI@ is a view illustrating a magnetic disk
prepared using a glass substrate for magneticatisérding to an embodiment of the invention.
FIG. 1B is a view illustrating a section of the matic disk. FIG. 1C is a view illustrating an
arrangement in which a magnetic head is floatedalite surface of the magnetic disk.
[0032]
As illustrated in FIG. 1A, a magnetic disk 1 isimg-shaped, and is driven around its
axis of rotation. As illustrated in FIG. 1B, theagmetic disk 1 has a glass substrate 2 and at

least magnetic layers 3A, 3B.



The roughness of the principal surface Ra may be arithmetic average roughness Ra obtained with a
scanning probe microscope (atomic force microscope) manufactured by SIT Nano Technology Inc by
measuring an area of 1 jim x 1 jim with resolution of 512 x 256 pixels. [0037] Aluminosilicate glass,

soda-lime glass, QpebhApslicatsalRs Qﬁ&%@ﬁ%‘%&‘ﬁ@%é&béﬁ Afnesive layer,

Particularly, the aluminosilicate glass can be suitably used in that chemically strengthening can be

performed 8AH MaAAETHe lGvRs SuPSRIRAGNFHEJHIR! IBERBReRBIBEIECHARN SBagRetE pRRRTEHNID
surface aagelnesHienethvl 1h9eTuRFIPLS IGBRGPIEPEF Ybpositbh MiresiisaiR SaSE ISmRfasRppiead

containing, denoted as molar percentages: 50 to 75% 5i02, 1 to 15% Al203, totally 5 to 35% at lease

one comfn&ist adResaEriBNFIn@otis A4hes MRSy eaAFRINGIAN BN J6o % Rigse sHistrate 2.
Componqrﬁrsemml érog?ngLaw@yofqu@f Iié(;cg%rgtgﬂa gg@gﬁé‘l@bB zozlsa@erggd:@tg%a%@%o%zaﬂmﬁg

one component selected from the group of Zr02, Ti02, La203, Y203, Ta205, Nb205, and L A glass
atorial EOREING. GeRGIEH TAORAE FURCa a2 A0S T8 I0E JA/ER5 PR SHoISAG,
7 to 16%peiiertiouldnidgetis tbectlingniasiécatergiasxatapibedsiocintabiingsearbw penfairitde is

chemically strengthening. [0038] (Manufacturing method.of a glass,substrate for magnetic disk
et OIS TS ICES ST o A PR AL DY e S et T S i
will be exp88l. FIG. 2 is a view illustrating a flow of an embodiment of a manufacturing method of a

glass substrate f Ic. di s illus ' - rial {s !
by the press forrr?ir Rg?@@%@oﬁ?ﬁ&tﬁﬂeﬂ%ﬁ%‘?ﬁs géé@ff&%?é%ﬁ%%%@@é% (s’tie@é). egg(Rt?,ézhe
scribed daget,glssoha@’RUiIE sRags-palt éssgo¢itelaB30)a NRsE bfinditrykr parforfel teitbGheet

glass maiedal tsingh et ARSI & HRINEARIGR RAHdd befdge Palsaing SRalfp dRedLRdRS PhBR

glass material (Step S50). FirSt polishing is performed to the principal surface of the sheet glass

material {8eepyi96mRINGKTaaRS OhE@rglassisHiR) atk B RatIgsO ehaRRMpi heMibSTURFeRgHRINEH

(Step STRI e (YR ERCHRH RRYshRG dsoRelier TSskivdgar b B ispibingenratisned sheet glass
material (St%g SSOE){?@I'he detail of eaéh process will be explmd bgfg{v@ [0039] (a) Press Forming

Process R8 fli]wg now to FIG 3, the press forming process (Step S10) will be explained. FIG. 3is a
plan view of an appAtusddsRldharesgiskraeneAsHbusiaatastinthiiia® Laranparaidaxlonebiaesn

four sets of pressing units 120, 130, 140, 150, and a cutting unit 160, The cutting unjt 160 i
rovidiog Ot AL SRERSLAL{ 005 Bid, TS AT BBHIET s Gthn BBEDE TReR, 44
the moltemgldssd$ atidy thislcddvige fidaiGooin dinfedediei megriead \didtwiniaed disenitan HHaebaoke

B e e R R LB B e He

a sheet gjaim,matgmagmmpmmm thméﬂgm et tle'mmbs;mfflinfnnhatimlt?n ajimbﬁomftdm

e oA B e ABETPG LS PO, ap S RE PRSI e

around thiefenviasioy isaodtflompte magnetic layer of thagnetic disk 1 at a short distance without
sliding the magnetic heads 4A and 4B onto the miagtegyer, thereby realizing a fine magnetic
recording information area and high density ofrtiegnetic recording.

A central portion of the glass substrate 2 of thagnetic disk 1 to an outer
circumferential edge portion 5 are precisely preedswith target surface accuracy, and the
magnetic heads 4A and 4B can be therefore prectgmyated while the distance H of 5 nm is
maintained.

[0035]

Regarding surface irregularity of the principatfaoe of the glass substrate 2 used in
the magnetic disk 1, flatness isp4n or less, and surface roughness is 0.2 nm or |€Ese
flatness of 4um or less for example is target flatness requiredthe glass substrate for
magnetic disk as a final product.

[0036]

The flatness can be measured with a flatnessrte3t®00 manufactured by NIDEK
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[0040] Each of the pressing units 120, 130, 140, and 150 is driven by a moving mechanism (not
illustrated) so as to be able to proceed and retreat with respect to the molten glass outflow port 111.
That is, each of the pressing units 120, 130, 140, and 150 can be moved between a catch position and
a retreat@@'s_iti,gﬁD‘.l'hﬁ %§%Iﬂg_sition (position where the pressing unit 140 is drawn by a solid line in
FIG. 3) is located immediately below the molten glass outflow port 111. The retreat position (positions
where the pressif§InR§a20eIBOf N 1SR aWRES SdMAaysiRNERIC PYRIPIDISHBARREIREhe

pressing dﬂt&%@ﬂowﬁtﬁrﬁw&\é{ﬁhiﬁd?w|'ﬁ‘ﬁdn’b_E&@p@)(&&ﬁ%@ﬁ%@@ﬁ@)‘hﬂéﬂ%@&@é&swt@ﬂw
port 111. 004% The cuttlrclﬁxunlt 160 is provided on a path of the molten glass between the catch
position thé §RBREICGMEERUTBRASHHNG 2NTHE TRy L YEB CSRAREGR eI XSO RISt
from the g glass outflow port 111 to obtain a proper quantity of the lump of the molten glass
(hereinafter also referred ta as "gqb"). The,cytting ynit 160 includes a first cutting blade 161 and a .
Socond cuting bBIPIRITICAUE it BEGUN SR MGRAEER, PGS 531 JRaEEA AuRA i
cutting ufot 16e. glassranigsmatot 2f theadnsatiag yetto mildbiivitd aascibaddatauitablyr bedisin that

cutting blagle 101,6nd J0¢ Seeand cuting biade d62are diven go agdalniersecL eash ofher anihe gy
path of the mol‘fgnyglsés cgnstgnf?lming. REReR e CcH ting bhge 18175304 the secon%Pcut(fing

blade 162xXntdissicfeachethainese mbitba glassigat usuofaimainhd estraingtiheod Htzdnsdlgitatroparfobe
the Catdhpé)%\q | in the vertically downward direction. [0042] Here, the pressing unit 120 will be

explained in'detail. The pressing unit 120 includes a first die 121, a second die 122, a first driving unit
123, and a secorfluninagilieate lass isgrefestlty fissddienzangen aiedsasdnalaicperceistages: 50 to

plate-shapgeg weiberdNHYHIRIS SWHARE % SEYPSITRIA NG SSHIBH L2 I8eusPhd B?ofﬁftﬁtd?ie

121 and the second die 122 are disposed such that normal directions of the surfaces are substantially

horizontdt hd\feh @it e, Jokribel Ee2p%AlleRseaeneoaesn PRIy seldetpr theaiaym§iuMie @23
causes tipgyiysedis, B30 AaCLR0 a6 edian] Wit respsatdedhe &6 gift $3Ruthenthes Gansh

the second drivinlg unit 124 causes the second die 122 to proceed and retreat with respect to the first

die 121. BhéRYs THeailsteiving nit 298, MM Bre 2t M ariving'aaf MAsHALARRIEIMeghERRAEDAS
Cauzilngbﬂnﬁlaﬁr@@e@ﬂﬂ@@ﬁ{}%ﬂﬁ@ﬁ@/@%ﬁ%&ﬁ afrsi%:jzﬁgrfaqa QB%%?QM&%%%(H; 424 tube
rapidly brought close to each other, Eac the first drjving unit 123 e second driving unijt 124 is,
for exarmEA Ao s WARHCAEa AT sBfon bl AP oo B8 RBEEICATy
Becausesgatiytianihge of the pressing units 130, 140, and 150 is similar to that of the pressing unit
120, the W tions of the pressing units 130, 140, and 150 are omitted. [0044] After each

|

pressing ves to the catch position, the dropping gob is sandwiched between the first die and
the secofidatietayrivigartethtics Dl avijtesa st batiatecfee oagiaisk)ng unit, and the gob is formed into a

predetermined tW(FéS('}e%tW'PQ?eF%@%&ﬁ@g%tréeifﬁ%ér’]@{ﬁe"?ﬁg&ﬂéﬂgﬁg‘i@ﬁﬁ%@@aﬁ&@%&%ﬁﬁ&?&%‘%@

G. After the pressing unit moves _ reat positi € _ e second die are separated
to cause Mgfgtitediskowillghesexpiasted.G fd@rop GoawiddBIting A flaw ihasyembptimericoha

conveyewrﬁjfgém%%qﬂgﬂyga 173, %agsasf%{lr‘h@@@gpxﬁg%kare provided below the retreat

positions of the pressifig units 120, 130, 140, and 150, respectively. Each of the first to fourth _
conveyers 171 td'\87illystaiesk ithd Khed: faSlaph@lnas CNARIEiNes s reshPindheoRressofelining

ltohrgsnsé?(? gﬁrig%%zgidﬁe AQBYEYPICRIMTYS M%hﬁ@ﬁﬁ@@ﬂ%@@ﬁ@@%ﬁtum itstaigde @f
sheet glass material is shape-processed (Step SR@xt, grinding is performed to the sheet
glass material using fixed abrasive grains (Step).S4Then, edge polishing is performed to the
sheet glass material (Step S50). First polishsngarformed to the principal surface of the
sheet glass material (Step S60). Next, after il polishing, the sheet glass material is
chemically strengthened (Step S70). Then, thenskpolishing is performed to the chemically
strengthened sheet glass material (Step S80).

The detail of each process will be explained below
[0039]
(a) Press Forming Process

Referring now to FIG. 3, the press forming prodgdep S10) will be explained. FIG.
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[0046] In the present embodiment, the apparatus 101 is configured such that the pressing units
120, 130, 140, and 150 sequentially move to the catch position and move to the retreat position while
the gob is sandwiched. Thus, the sheet glass material G can continuously be formed without waiting

for the capling ¢fishe\iaResOlass Rk G EATHRIESTIRIAL ilushalsdTatitg. shegh Waparatus

material G may be continuously be formed by sandwichingthe gob by use of a single pressing unit

120. In tHiSEHxdugRs fipstrRets Of ArRPEYROWRERJ &k 180, katmslka fvtieaiafilylafer the press
forming of the gobk@%uﬁﬂfbpﬂﬂﬁsfgm§ tﬁl@)§l€f§?@He§tWam%?mth?|Qé§h@13ﬂcﬂm§B\ﬁsfwg]

Here, referring to the side views illustrated in FIGS. 4A to 4C, the press ormingqﬁ;_rocess_ according to

the preséRPEALIEFRHUIRMRE bibtned™ MEIPAN e BABASH Gk iE & AR yEhdRPJerreR
molten gtﬁﬁﬁﬁﬁmw?ﬁiibalﬁmﬁuiﬁé%g uiﬂéﬁlﬁﬁpfrﬂa@r\ Hﬁp@sﬁlrfgsiﬂﬂtyciaqﬂgluﬂaﬁllg@nand 150
arrangement after the cutting unjt cut the molten glass material LG. FIG. 4C i5 a side view .
lustraur R ARG HTIRGH D6 BUAHE SRSEab LB o 28 ARG dch A A Rrh
molten glfasidOSdBhces A ilustiated tidd G tHé tad@, tinstiheatyg feecting B6Sheeraytikad meatexdaln
the pressing unit 120 that has mpoved to the catch positi nd the molten glass,outflow part 111. The
noating LR FRHTR SRR LI GalAmaa T IR bBRICA N SR SR ARl o
section 1la§lieptoaidédbetdege¢he gsdssifty erdmp@and the cutting unit 160, and may be further

provided betweep the cutfi i the gnolt 111, Pref ly,the ti
section 165 may'beﬂg%s%ggﬁlﬂq@%ilg’%%%%’n@v‘ﬂﬁyeﬁ)giﬁﬁﬁ%%ﬁ%ém Hzﬁﬁgoi%%%gg’ Cg%%jal Ee
heating sEdligviel BB wigad ifiteivF#HEH MrgrEssaaadtieguisashaptlimnpaiiditdl surface.
Temperatysg githe heating section 165 may be higher than room temperature, and may preferably be

close to temperature of the molten glass LG. In the present embodiment, the temperature of the
heating section 16808 AfdRerrrREsinarsMien1dMh fSdtdAOTaNgR B YRBIRY: 3 RSYiING MeseaRism (not

althoughimesriielpiasl 43 frbGre 4R brécBeweingH maqxéggéét%%me|f@ﬁ@éfs%aauméﬁpB@ﬂ
165 to heat the heating section 165. [0049] As illustrated in FIG. 4A, a molten glass material LG

continuotidl- flohR88 i AR Y MGIRFEGRIQE SR WS89 At RO BBV BIERABNBRTY ARSI
is about pRfcTearRe Selikaiopexanple. TRataxAMMBlvSHatH WhEIS. A, thestialienralasso is

e e e o A on e,
molten gieiss reateainbb6iticin@usitionsingnaasiéscl Hleanmids 2 20N3aharmditlBo e glaswibdnoswRia
o G 08 ARG R DGR RIS IR R Fl 35
160 are asljostaddagathttbangbb GGlteaviigsa distfftmteddiftabout 15 mm is formed every time the
cutting un'[bgjgﬂ]is driven. [0051]

The cutting unit 160 is provided on a path of thelten glass between the catch
position and the molten glass outflow port 111. e Tdutting unit 160 cuts the molten glass
flowing out from the molten glass outflow port 1thilobtain a proper quantity of the lump of the
molten glass (hereinafter also referred to as “gobThe cutting unit 160 includes a first cutting
blade 161 and a second cutting blade 162.

A heating section 165 (not illustrated in FIG.i8provided around the cutting unit 160.
An arrangement of the heating section 165 will bsadibed later.

The first cutting blade 161 and the second cutbilagle 162 are driven so as to intersect
each other on the path of the molten glass at aohsitning. When the first cutting blade 161
and the second cutting blade 162 intersect eadr,afiie molten glass is cut to obtain the gob.
The obtained gob drops for the catch position enrtically downward direction.

[0042]

Here, the pressing unit 120 will be explained@tad. The pressing unit 120 includes

a first die 121, a second die 122, a first drivimit 123, and a second driving unit 124.
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The formed gob GG drops in the vertically downward direction. The first driving unit 123 and the
second driving unit 124 are driven such that the first die 121 and the second die 122 come close each
other. As illustrated in FIG. 4C, this allows the gob GG to be captured (caught) between the first die

121 and the secergkliefgR e 1 IaRr FECUBSHANIR) sud%peRimpLing Birbdiedahany be

inner circumferential surface 122a of the second die 122 come close with a minute gap, and then

gob GG, WhiRRaISEAIRIBRE@ BN &% Bt RadarifiBremte Sistadie 121a5rdrbairgchad dieakeP

the inner&@cggﬁ@@ai@uﬁp{ fara 1?%)?#19!‘ @R&%ﬁéﬁ@dq@imﬁé?eésef@ @Ggﬂfﬁﬁtﬁhwméﬂﬁéht@pﬁﬁh such
Note that a Fro;ected spacer 122b is provided at the inner circumferential surface 122a of the second

die 122 if8tdBE BUaSS T § A IR toneBEWLBR the inner circumferential surface 121a of the first
die 121 arjdghs]inner circumferential surface 122a of the second die 122. The spacer 122b of the

e e e ST TS S R i el

circumfethstsdcnthde 1224 ofdinetisearhdrdari® 2te shtimiwidgsneietdecspaes. I®S8LondAlie 122 to

temperature control mechanism (not illustrate a eferaply provided in each of the first die 121
and sech e 2o Gt SErierd B B e b R R R e 3
second died®®indaiyibg miaiin 2 el dbvokestiza madteaiis pofasifhthmslieiactas$ thatéritl dd@/iHEOBAI

A time unti i g ing-the cutti I jned e
st che T2 e S e 1 S e e SR
surface Eachapfiiteiifsstilyiving aintiel #hendirttensecontaliguinicé 20 & iirtiexdrgiadadpacianisas

eXtreme'bﬁ%ﬁf&ﬁéﬁ%ﬂ%ﬂiﬁ@é?ﬁ%ﬁeH_S'i‘ar%fﬁﬁ% Hb%iﬁﬁfg@&frmﬁr@ep GG is formed into the

substantially disk shape by spreading along the inner circumferential surface 121a of the first die 121
and the inner cir@RAfLEAIRAGUSHEE WP DbthRPEBESNG dBiI e BERiAR O PePHBNASHBrtRh Of ARE

the gob GRdsirpisht aoolemanisalipifissiprheprasehmmpsnhaus aass1 SIPERBYRIRRAING the

disk-shaped sheet glass material G. Note that, in the present embodiment, for example, the formed
sheet gIas[QQﬁ‘éﬂerial G is a disk-shaped plate having a diameter of 75 to 80 mm and a thickness of

abpt:(tl 1 mm. [00%Fer eddteproedirgf ?iﬁitlﬁﬂ%@é@ rtlbqw&m@hdiﬁx_i;&’l&sgr@réi@@ﬁ@, %ﬁﬁ)nﬁfmeﬁewo
quickly moves to the retreat. position. Then, the other pressing uni moves to the catc ition,
il perfDRRERR ey dibABC e CORSRT By RABRHLS) HUVRg URH 2961 S O TRRcre R
position, ding fiestdliens2 handishéosprrndrie 42pravekapticledrbusstivingsheplidlassooliatEriciésaby
sufficiently cooled (for %(ail](rr_laj]e, ur(gil emPerlature of the ﬁ%eet lass material G, becomes b Iowe?réietld
point). Trﬁ’\{SﬁPﬂ%‘ﬂr UG IR TSP ARG HE R IDREPHAVIRE LM B R drivalh IB SIS theSirse
die 121 grusienseloerivisdidié 22dtibesbeebgthderaatasitpdstdrogssdaive foomeatespesdsifasamitat2ial G
and is re&sai {%%)t%}/ Wﬁ conveyer 171 located below the pressing unit 120 (see FIG. 3). [0057]

he heati

Here, when ng section 165 is not provided, the molten glass material LG is continuously
supplied ftR#He molten glass outflow port 111, and is gradually cooled with surrounding air. The

longer time has pasged eReeaG 19%er ROLOLALtG RRIRD glass %ﬁ%még%wmua%e%ff@mme

molten glass outflow port 111. Therefore, as a whole excépt the cut mark, thé temperature of the

molten gRAYVAMREALA & enirddadpaleyy BeentetieahparalielifieyRIessiBo HadsmMa iovds: tieand

lower engslj Shoupd AR agtedERghtenRssafivse s O riRtVeekl s1aAs twhigh GerRcEEeneUEEHRlass
160 and are formed, are lower than that of central portion of the gob GG Further, the temperature of

the cut nTBARSHRICE BRI ERst O IHERDHIR) CRIFCERO 1S IFB RN &Mk RIEIHE SO ITERRYRdNE
which latefisenifets RaRWENG wisd 6 sakrfoMetkitetyAs the FRIRPeratessof the molten glass is

higher, thT viscosity of the molten glass is smaller. Therefore, as temperature variation is larger with
respect to Bgéﬁ ns over the entirety of the gob GG, viscosity variation of the gob GG is larger with

respect to positianstieygirteantrabodiriiengahSap fhenusheqoidgoge s b thaahrgaedsinednits
evenly, afgoth.i%efio\{aa{ir%ici%bs s"el:(c?l!}/eﬁ%igﬁyl?rr]%%g ?gqh%](%}é'sition and move to the retreat position
while the gob is sandwiched. Thus, the sheet glaaterial G can continuously be formed
without waiting for the cooling of the sheet glasaterial G in each pressing unit.
Note that the sheet glass material G may be asmtisly be formed by sandwiching the
gob by use of a single pressing unit 120. In taise, the first die 121 and the second die 122

are opened immediately after the press formindnefgob G, and press forms the subsequently
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[0058] By contrast, in the present embodiment, the heating section 165, which is provided
between the pressing unit 120 that has moved to the catch position and the molten glass outflow port
111, heats the molten glass LG and the gob GG, thereby controlling the temperature of the gob GG
This enag% ﬁ%’ﬁ%ﬁ @f%pﬁéﬁ%eg@@tion with respect to positions over the entirety of the gob
GG Temperature variation with respect to positions over the entirety of the gob GG is 50 degree
Celsius od#¥&7or example. Therefore, it is possible to reduce viscosity variation with respect to

positions over the gRSIredYepfiHiPto MR 2o id i PIBSEARSENIIDE SANR O _IRY pRosIMerR sRASHicakS

difference of the viscosity of the two cut marks formed on the gob GG may be pref_erablq five million

poise or RESITIHE 14Nt e REeBs RIRAAMERIWAHOR FYEREN IS oA S iSigR RN aling an

temperataieiefarseresefbrstiomeoltte gabsaraviicsme acbetbganit isdoroeedact. PP esentide
invention, by performing press forming with the method described above, thickness variation that
orignatel T HE A e A AR BT OF s S LR Al AP e SUEST T 1 Bess.
Note thaFiig st@dtglastimatienalilbidoutiad iarthareiege iawhiing Pocassrg alaa re2ermeerforass” glass
blank". [?8?9]n fopae ueralléw ! réfr%rq}iéw 6\£50b of molten glass by cutting molten glass with a
cutting blade, agportlon 01Rhe Molten g?ass P& contacts the cutting blade is rapidly cooled, thereby
forming a [©1@48hrk thereon. When press forming a gob including a cut mark, a sheer mark that
originates from thg.c is far n a.sheet gl teri e gate of
small air bubblles%;t tm%%?eépt &oﬁﬂ srg\fgréjl tﬁﬁeggfq thﬁ%ﬁ%jg{gljr ﬁ%ﬁ%h@%@a@e@#ﬁ%@%@@ rﬁﬁa%k
may be dreeshimgetfibriithele Rasavgusd. Rdhripdighinnsied thearmadicn glass subloaeast 111.

magneticglish, R BR QM AMREIR oAk AR HHEhMadaRiedMHo it Addid HRESINNR devee

due to the contact between a head and the magnetic disk. Thus, it is required to grind and polish the
glass sublgdieathasaaatjantehdsRERYiARtORERIN RasBocdNithbSpgnd dheisyEngieAty160, and
manufaciEpthef ifErsevbedatRiReBRINEUtiPG uni Bt §aREasolt i8I RERSBNIHRMPREINEDE.

because the cut mark is E’Zate_d after the gob is formed, temperature variation in the entirety of the
glass gob BEEERESs hiaReaHAsSEFHPMetPen BnBafk RORHOBSAMOSHPE R XnRHhdipan the
surface airahagrpasikonmengsbgsformedn IR Sacbenbies Rsegaptified MEFIGSIGIRINIRESSE
(Step 20) will be %FI ined. After the press forming, scribing is performed to the formed sheet glass
material ‘Z@QQ&' a%ﬂ?t'ﬁ'e (ffﬁﬂﬂ%ﬁ?b'&?&?' As used herein, the scribing means that two
concentric (insidg eneaatiuccaofithethictiognsentinn) DeEingplbeenities (ewaicbimpdatoe) aha fine)
are provideq iné)e %urfa e oftth sheet g{ass EEriaI Gﬁ/vith Ecri er. made of aés%)er%ljo oL ih
diamond Paricesin’6rde? 15 oBtait IR AingSsiPape o the formed shée E‘?aé’éer%%? il GHAVIRG  the
predeterneimpe EihgreT bk thiecbegtasy seatiEnial 165 d6Hadhentitmosiboc dempeistle aliapehs padiisity

heated, orti tside t ide iG Circ tion inside the inside ¢ tri
Crcle are Ao R (o B LU Rty B A7 e PR, A BT TR R
obtainingcthwapigdiapee Bhatnglasstinatéfalio hepiorBrgsactineel ghass material may be processed
to have az(ﬁgg diameter and uniformity, the degree of which scribing is not required for, and the

ring-shaped sheet glass material may be obtained by forming an inner hole with a coring machine

(drill) to the abovAsHBSHGRRE indtlratA, anseltariiassamaielial ¢ratiraay st fpvsppuEdeam the

accordingniqHe RERIEBLABROFIREM 1the fagneepresfuTRes i cifeallgikkYs Whasbatsheriomrigrise
formed around the center of the sheet glass material G, the sheer mark may be removed with the

forming StERIYRNKY HEX&NBPIRray 1Be A rPSARI @ VEHSIRERHEIRM A s. R 81PN BRSS priesahd:
Process {iGiagfetine RrrgrssolterNss SERABR PO ATSIERERCREM(Biap SR ceiidrsaxplained.

Then shags rocessing is performed to the scribed sheet glass material G. The shape processing
includes (Péring (chamfering of outer circumferential end portion and inner circumferential end
portion). As illustrated in FIG. 4B, the cutting unit 160dsven at predetermined timing to cut

the molten glass materiaklusing the cutting blades 161 and 162. Then, tihenolten glass
becomes a substantially spherical gob dkie to a surface tension thereof. In the example
illustrated in FIG. 4B, an outflow quantity per gnof the molten glass materiat and a driving
interval of the cutting unit 160 are adjusted stitdt a gob G having a diameter of about 15
mm is formed every time the cutting unit 160 is/dn.

[0051]

13



The outer circumferential end portion and inner circumferential end portion of the ring-shaped sheet
glass material G are chamfered using diamond abrasive grains. [0062] (d) Grinding Process using
Fixed Abrasive Grains Next, a grinding process using fixed abrasive grains (Step S40) will be

explained. In the-giingieh BEPGEESH/SHR I AP RT NG MANINARINGIIS RRIMC MEREP dNGiRg Ysfiaped

sheet glass material G using the fixed abrasive grains. For example, in thpleggrinding using thée fixed

abrasive bAaiA8 rdifovar RS I88\RY JidtarardirarnstaRLedirekaifiple e #ba a8raadediftding
have theRafic!g| 55 eheROSHE. RIAs[Esttated HeTRI@IARIURERS thE!IGSh B 1oBbetd SR

process for grinding the sheet glass material G will be explained. FIG. 5A is an overall view of an .
apparatuSALEANISINEER Py dSnidhE@ndiPssRRCYRINE F1d UGS ARRIPNRTSHAEHY TSR
used in tharegranatug of tHEfikd ddQ.24 isrid iewi Alusiiciifegenti A surBRaamla vided scelierl gless?2

terial G i d. . Asillustrated in FIG, 5A FIG. 6, tys 400 includ | |
toea COMSEESE witnrs TR b 209, LioRhine SORUP A Soaiaen GEERDeraae"
410, a swirgeafeEntiah soréivel ek 41 theafiesaliei 2t fHanthameinpriiehtial raséaceir12Pa of the

includes cool%rgjt i%e81 0%1} , eZlfg.t € aptﬁ%r%wge%oo, the internal gear 406 is vertically sandwiched
between IH&JOWET Sufface p?a{g 2%ha the upper 'surface plate 404. During the grinding, the plural

carriers 4080&2] retained in the internal gear 406. In an example illustrated in FIG. 5B, the internal gear

406 retains the MpRAIHFSOBjectod SIS A s amend s 410 s Usianet oo,

surface plate 402 and the upper'surface plate nar manner constitutes a grinding surface.
That is, thbtbResacgritsliedid7idn GritehioukrERithalganierhBetas e thaiinesiayahegentabssitane

410. [0063); 5 oA dlysliaiRd 1B TG PSRV hRRIAIRSH ARIED9IS G IRDeKGHAGIE BIdineqhe

while disposed in a circular hole provided in each carrier 408. During the grinding, the pair of principal

surfaces Bafer shedh glderhacains diepitdoaAnHaQiiarRyReeieniial soaar belagédheirsheie 1 ?
between dhqpan@esysinse ikptecdRantibadrpahautiAaf RS f8f surfaBi 1be LHTanBang: Hie 121

sheet glass material G is retained on the lower surface plate 402 by the carrier 408 that includes a
gear 40983Rd{ENSURIERIHIBIRIRIE ot s arsel 24 O RIS HRH 4cte P A Auses ki kRte RS ear

414, whichoayssprovided in the lower surface plate 402. When the sun gear 412 is rotated in an arrow

direction, each carrier 408 revolves around the sun gear 412 while rotating in an arrow direction as a
et goar Thor S/ IPRA LTI MERITE < Aot RE N, Do AL PRt BE fooB e
As illustrafetlénfiFdGdigAl 2n thedegyrratLidid AR pWwWith488 semlies dbatcoomat Hadgismihe eserires
416 to the r surface plate 404, and the 420 recovers the coolant 418.from.the er surface
o 40t BT HE A s A S2e A e TR R AR s h i SR ol

point, theglamsanaetBrémoves swarf generated in the grinding from the grinding surface. Specifically,
in the app 400, when the coolant 418 is circulated, the filter 422 provided in the lower surface
plate 402 filtrates the coolant 418 to retain the swarf in the filter 422.

A time until the portion of the gob &excluding the cutting mark T is completely

confined between the first die 121 and the secoedl®d2 after the gob §&scomes into contact
with the inner circumferential surface 121a of first die 121 or the inner circumferential
surface 122a of the second die 122, is as extreshgit as about 0.06 second. Therefore, the
portion of the gob @is formed into the substantially disk shape byeadmg along the inner
circumferential surface 121a of the first die 128 #he inner circumferential surface 122a of the
second die 122 within an extremely short time, @r@dgob G is rapidly cooled and solidified in
the form of amorphous glass, thereby preparinglisie shaped sheet glass material G.

Note that, in the present embodiment, for exantplke formed sheet glass material G is
a disk-shaped plate having a diameter of 75 to 80and a thickness of about 1 mm.

[0055]

After the first die 121 and the second die 122dwosed, the pressing unit 120 quickly
moves to the retreat position. Then, the othesging unit 130 moves to the catch position,
and performs the pressing to the gab G
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[0067] In the grinding apparatus 400, the grinding is performed using the diamond sheet 410.
Alternatively, the fixed abrasive grains of the diamond particles may be used instead of the diamond
sheet 410. For example, a pellet that is formed by binding the diamond particles with a resin can be
used in th gg@]jing using the fixed abrasive grains. [0068] (e) Edge polishing Process Next, an
edge polishing process (Step S50) will be explained. In the edge polishin?gprocess, edge polishing is

performed to theAkRetNRYEPNENHNIEL20 NiRYRS KyHe Jeh@HiiDmiheiate e kdstishthe second

performegjdo1an i&ﬂ?k@ FHFB@@@MF%@%{%Q@”&&@%@W_EM 6%_61@6“%1"6? ERshipte einifne
sheet glass material G ébrush polishing. At this paint, slurry that includes flnepﬁgrtlcles such as.

cerium o §IPEENES RSB E HRER SRS A CTIRC IR Ih R Bl st aHFBathSdl SLAHVA%R
fla\év are t&mwh@ryﬁpﬁféogm therraig malistrag a@grm@@pg‘m@ro%g : alti@rﬁﬁiiti@lt@ $¢haAs alhfgod%tmnd
and potassiu ich cause corrosion can e prevented. First Polishing (Principa ac
e b o s DRk v Lo A Rk L e
process atinvéyerctpe lpekisbthheoocdss e irst) polishae S@esiormed to the ground principal
surface oi@&%ﬂwet glass material G. For example, removal stock in the first polishing is several jim to

about 50 . The first polishing is intended to remove the flaw left on the principal surface after
the grinding usingl¢ne, fixbe abhesikeajagnsecttbthd defe matiqaroVidied pp atsio sHss usedenab éis
grinding Sl i i INgis.used.i irSt polishi | ' e fitst
polshing R T e R e s e e ey hL Ry SR WA
first pplisqsﬁmg)pm&@gsathe sTlh\e_ayl_@ﬂﬂﬂf ttirpg rm%doabs@ﬁy@t@e@imvsruseaimt@édm t_ﬁ@ltﬁéd glass
abrasive geains, I the.drst RONSHIRGArARe $Rok2h KNG iRRS Bers e disiolishinmBrecsseghe
resin polisher is used instead of the diamond sheet 410. For'example, the slurry of the turbid fine

particles HchUhsakuhdiRIBRPAtR efiBednatsr obaiptRl s jimmedistalyAfia) ReirggHdnéhe
loose abgagie AR BeeskiFoiR Sivirigdife IBREY] dat Chpmigally sdeaothentatnBErSRR®s of Mgt

a chemically strengthening process (Step S70) will be explained. In the chemically strerrgl]g‘thenlng

process HHErAHeTREKBoNEHITY BRI S 4G oith L B Ree TgrRe dn A& iavEs idhave thiabp central
strengthesigtlon ofFBicex@mNte, et sehetieshaideliaseiwn thididat(GRZok ane afdiuabatieats (49%)

can be used.as a chemically strengthening solutjon. In the_chemically strepgthening, for example, the
chomicafy Gl GTeA, GO LR BHTE AHEC AL Bt oS B, 140
pre-heateghitol BOGE be 300hednd the sheet glass material G is dipped in the chemically strengthening

solution for three tg E%ur lours, Prerfgr(%b ,ein order th at the whiol r\i/ncétpalitsu(r)f]aﬁis (r)ﬁ‘ tne sh?et ?glleslss
material G are chaémlcglly stPer{S%Hene , the H}Bpl ﬁgrflgnjﬂ Whilg 1R ﬁflura heeP g?a%gr%% eflals
G are acsomaliendat€darefonm| der teymetaaturg treeriakioatmpissitn atEstGogpdiseéiens tveeghe entirety

of the gob G, viscosity variation of the gob {is larger with respect to positions over the
entirety of the gob @ Then, the gob &is hard to be press formed evenly, and thickness
variation is likely to be large accordingly.

[0058]

By contrast, in the present embodiment, the hgasection 165, which is provided
between the pressing unit 120 that has moved todteh position and the molten glass outflow
port 111, heats the molten glass &nd the gob g thereby controlling the temperature of the
gob Gs. This enables reduction in temperature variatoth respect to positions over the
entirety of the gob @ Temperature variation with respect to positiousr the entirety of the
gob Gs is 50 degree Celsius or less for example. Thegefbis possible to reduce viscosity
variation with respect to positions over the emyiref the gob G, and to press form the same
more evenly. More specifically, difference of tiecosity of the two cut marks formed on the
gob Gs may be preferably five million poise or less. @&ldhat the viscosity of the cut mark
formed on the gob &is obtained from a temperature of a surface pomibthe gob G where

each cut mark is formed.
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[0071] When the sheet glass material G is dipped in the chemically strengthening solution, the
lithium ion and the sodium ion in the surface layer of the sheet glass material G are replaced by the
sodium ion and the potassium ion which have relatively large ion radiuses in the chemically

strengthening so|yiiga, sesasstivR¥ntiaTeRy SERBEAD'RIES rinRitd!ase Malrba! stheeinasbotass

material G to which the chemically strengthening treatment is performed is washed. For example,

after washifnfiessHaeaEIMAAteHEINGIESIHE e HulRARP 8EidNthd WMl POR M Ak g Shetlaglass

using pugsyiar @@d,ﬁ’ﬁe(iﬁgﬁrgpyégggohol). [0072] (h) Second Polishing (Final Polishing) Process
Next, a second polishing Erocess (Step S80) will be explained. In the second polishing process, the

second polishing\@lse %l 35¢RE ﬁéét’ﬂ%&'ﬂl}ﬁefﬁép@daf@:%ﬁ@@f@&i&%ﬁﬁéﬁéﬁﬁ@r{&ﬁeﬁﬁﬂ
well washseesFgragsasmmi; removal stock in the second polishing is about 1 pm. The second
polishing@%j ded to perform mirror surface polishing to the principal surface. The apparatus 400
that is us e grinding (Step S40) using the fixed abrasive grains and the first polishing (Step S60)
is used in the seckpalighinige ersengnal gobisbinpaliters kies titaatirsh pltdis hifesi watima elttiedkind

and particle size of the loose abrasi rains, and hardness of the resin polisher. [0073 For
cxampleDRE e Rrbe e e s SRR A R AR S Sbe ofuehy
0.1 jim) ifouseogas the tnadethbrasive gvshrenyses snfoine seplangichalisigirgcut ke, potibhed Hlagethat

I ' ' h : ’ A int )
The ginc GStes oM ARG AR R B AU RRg | TR et b e
principal 2ggregaie ofjigmnallegshiibies abtyhtlepihopirabmineriad iew i©0dents onltye syrface.
obtained -y the, SECHRRUSHINE arc-ERSPeaSHIVEYaIRAIN HSe b Wﬂérﬁéﬁﬁfﬁ?i%@yﬁ{ém e

deposited to the glass substrate for magnetic disk 2 to prepare the magnetic disk 1. [0074] ~ The
flow of tr@aﬁmm%émﬂé%mﬁeaem@s%{@mﬁm@.@lx Begsaskansbwiide 1Bf tmaapRiisrdat, puiHail a

scribing (RIRP i) theiharfBresapsnbeier S REEANNER HRBYPRAhGIGHINdINgLYSIRgs
the fixed abrasive grains (Step S40) and the first polishing (Step S60), and the chemicall

] Yy
strengthdRMATESHAD G0N RTSLRRIILA BAIAsS, SHRSHARSERY 1 §16,5866) TalkS SHERMABRYSHS
(Step SetdoyeuansivssmuRIes bR HITELin bRt desRipd ghate Rk 0ng as the
grln Ing USIngt e TIXed aprasjve grains tep .the first polishin tep , an the secon .
P e g TSGR PGSR B S RE R B AT S e s e et
S30), anfbtingecheamgatiasirengihiationgitSiep htietnay glRprogobtedoeneokinatidr. Thus, a formed

sheer mark may be small and close to the principdihce or a sheer mark may not be formed.
[0060]
(b) Scribing Process

Next, scribing process (Step 20) will be explainedfter the press forming, scribing is
performed to the formed sheet glass material G¢didank) in the scribing process.

As used herein, the scribing means that two cdricefinside 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 a&rsafjoy or diamond particles in order to
obtain the ring-shape of the formed sheet glas&emahtG having a predetermined size. The
sheet glass material G scribed into two-concertiride shape is partially heated, and a portion
outside the outside concentric circle and a poritiside the inside concentric circle are removed
utilizing a difference in thermal expansion of tleeet glass material G, thereby obtaining the
ring-shaped sheet glass material.

Note that a sheet glass material may be procesdthve an outer diameter and
uniformity, the degree of which scribing is not ueqd for, and the ring-shaped sheet glass
material may be obtained by forming an inner hoith\& coring machine (drill) to the above

sheet glass material.
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[0075] In the present embodiment, the molten glass LG and the gob GG are heated, which enables
reduction in temperature variation with respect to positions over the entirety of the gob GG. Thus,
viscosity variation with respect to positions over the entirety of the gob GG can be reduced, and

thickness variatiosofdag /HanuiBGEer eSS YassInalRg P erads difjlPTRdSUSer: CORRRANRMY.

removal stock in the grinding process and the polishing processes can be reduced, and occurrence of

cracks caneOENEErsvSEd. "Barthis, SMalpos3itus tVE@hh Ao SEERE ‘folREReRAEAURE) R GATHEEH dhter
circumfergiiiial geg8 RYstRPIEhenIBRIRAH MEFRCR Y the rbPRGIaR: THHATRY: HPAKElinnerMbR e

cutting unit 160 cuts the molten glass LG, cut marks are formed because the molten glass LG is
rapidly cORPEAENP ARV EFMHEOHI "85 the present embodiment, the heating section 165
heats the poge]y of the gob GG, and the cut marks are then heated as well. Thus, the cut marks are

unlikely'gu reégain on the gob CéPG, and it js possible t reverg sheer marks that originate from the cut
marks fr m fﬁ@efé’m\(é " §ﬂ‘é%§% FYM G 9498, with the cut mark heated after the gob

is formed, tempeNgxteavahapierprotessiiplerof¢se (hiep $30 peviiplesneuall. THers shdpoedciesing
gﬁse to. pr'ncé[t)al surface QL3 ﬁ;leer mark maé/ not be fo
in

mark may bhe all and ¢ he rmed. AS .
b e e e B Y A B HhE B MY TGS chaffering
embodin{ehaisfemadl ahdutkrse toutnéepeinicad &insl prade i hmse thoe ahedéeneiikirrag petempved even

Z“'stgéﬁrﬁ'é"éi'q s;%%g;gﬁw | ngéﬁﬁgT“Qﬁ&%H&Q@ﬁ%ﬂi&Qr"fW?é?&irﬂ‘é\iémﬂ% %ﬁ&nfg&tg%? } the

acturing od of a glass substrate gnetic disk
accordingng-sleapecositeetiaanpateativl ke aksscripadeirtdmmonscaiiagiveehatsf a glass
substrate rgbgﬁgnetic disk according to the present embodiment is different from the first embodiment
in a press forming process. The other processes are the same as those described in the first
embodin{8hCHAEBEITAAGEER SN E S8 ABFesBE & AiRStherefore omitted. The part different from

the first embodimeskiil BR-RNAlziBeess Sk ba BisATIBAYHIREL BA))AINGBSIRAAGS s Ao
1

provided around the cutting unit 160 in the present embodiment. Further, unlike the first embodiment,
a holdind"& GIBHEORESRRAGER] M fReS RIGARARABE ShaHOTRESSIAgRiITRIPhrRRATESER
embodimgass|PRAE AP E, withyrefereined tgnikeisideyaamEsriairaee, ihRieSyrifiieg’ Gsitte theeiked

forming process in the present embodiment will be exals)er}ri‘ned. FIG. 7A is a side view illustrating an

arrangerREM YU BNl TS REVERIN AR 188 LN AT e Miles RS iReGanrasive

ilustratingraimatiang eheephaftis Bigecottiigunibol 60 cut the molten glass LG. FIG. 7C is a side view
illustratin rangement when the pressing unit 120 performs press forming for a lump of the molten

glass GG. ]
Here, with reference to FIGS. 5A, 5B, and 6, thecpss for grinding the sheet glass

material G will be explained. FIG. 5A is an ovénraew of an apparatus used to perform
grinding using fixed abrasive grains. FIG. 5B isviaw illustrating a carrier used in the

apparatus of FIG. 5A. FIG. 6 is a view illustrgtian arrangement in which a sheet glass
material G is ground.

As illustrated in FIG. 5A and FIG. 6, an apparad@® includes a lower surface plate
402, an upper surface plate 404, an internal geéy & carrier 408, a diamond sheet 410, a sun
gear 412, an internal gear 414, a reservoir 416,aapump 420. The reservoir 416 includes
coolant 418.

[0064]

In the apparatus 400, the internal gear 406 iscadlly sandwiched between the lower
surface plate 402 and the upper surface plate 4Ddiring the grinding, the plural carriers 408
are retained in the internal gear 406. In an exantipstrated in FIG. 5B, the internal gear 406
retains the five carriers 408.

The surface of the diamond sheet 410 bonded tdother surface plate 402 and the

upper surface plate 404 in a planar manner cotedita grinding surface. That is, the sheet
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As illustrated in FIGS. 7A to 7C, the holding section 180 is provided between the pressing unit 120 that
has moved to the catch position and the cutting unit 160. The holding section 180 includes a first
member 181 and a second member 182. The first member 181 and the second member 182 are

driven b@%Qé‘Yﬁaﬁ@HEﬂedri@b%{ﬁ@Wﬁh %ﬁ@@(@d@%ﬁ‘é@%ﬂ@!&iﬂ% thBQIIZAURALSSIEAgEs forecess,

which is drawn with a broken line in the drawing, is formed at each top face of the first member 181
and the sé€BR8lmember 182 such that, when the first member 181 and the second member 182 are

bound and closedsajin@stHsiRReF FrcessEs fremadral YirckardReateline @'ﬂingé%‘fggﬂdl@-retained

Temperature of the holding section 180 is controlled by a temperature control mec an_ismfgmt

illustratedNHIIRRABEILINR T EHIRRORIR QA6 YBEFAHAHAR e PRS- Jomadnaliedatiie PRH P
may prefprm@hfmesuﬂ%@é@ f@ﬁlﬁ@@lg%@@@lﬁ%”iﬁﬁ%%iala&‘séﬁc hpéhai?m@ﬁat@iebodé%aawmt@e being
temperature of the ing secgon 180 is ahout 1, ree Celsius for example. As
oeratad I BB R B R SRR O e A 0ton dlass outfiow
port 111. The terapethtueharthamioltien ghess glass abaerib|26Guegr o Calsiowdorsextaoglplaié thix
time, the holding section.180 is closed at a position.vertically.downward to the.molten.gla utflow
ors 11205 Bl g TR A B B M B8 ot R G0 b
molten glsk thatsrial §&aisdd aittl thiefirat getingletacdsbp mvititnd isettentbatisy iidasepl &2, 702n,

t molt ti ical . t f ion, of
o o RS PR 7 A A 0 0 URER AR ROy
LG and @€fviAd nwhitel sptabneLtiingiurieBso diecatipistaplanct geaa gdhacoravitge shigstoblass

about 10@3@}%[%@@6@%& y%th%c&gmmigﬂg& iagiven. [0081] The formed gob GG drops

vertically downward, and is held by the holding section 180. At this time, the lower portion of
substantia[@o%herical gob GG is received in the recess of the holding section 180, and heated. On the

other hand, the URp &I RAFERM Gh RRPENGH th&RRALH RO MHIRY S8t8 suppleXhéneddpiding1 8 in

section 180 is opened, and the gob GG then drops vertically downward. The first driving unit 123 and

the secoHiPdRFRIY Rttt 19 AaRCIHRBR" SHIAFRPIRECHCHIRE 14N A 40 SERURIS die LoPlanig1d kam

each othgigalghetistifgshsatthaap oGl anteie aasaReb wendeNist decl 2haad yharsarang dike
122. This allows the gob GG.to be caﬁﬁured (caug%t]%between the first die 121 a‘Ed the secorﬁj die %22’
hdhe

as illustr SR FES 7 AEIROME Mfereait, ﬁﬁ%ﬁ?f&&igﬁﬂ%? DHae FENDNG Y

inner cirgyintéirgntalBiogaceSirsfichtlye #echodagiealaRepmeeloshevitbalanindid gapciendatl) the
gob GG, which is sandwiched petween the inner circu ential surface 1 f the first die 121 and
the i LR A A P oAb S SR A ESLE G e I A dRuh T et
subsequémt plecek22s are the same as those of the first embodiment described above. [0082] In
the presetbﬁgﬁodiment, the holding section 180 holds the gob GG formed by the cutting unit 160, and
at least the lower portion of the gob GG is heated. Thus, temperature variation with respect to

positions over théeigrajnsfitig apIRGE 40 Be el goedlimhigprsedising ibeatiaabne syt 10.
positionsgyen the anfirgly ¢Lile QBPaQIS%qunhP% rSﬁWﬁ@%ﬁ?@JB’A?K&%%S aapen e dhergiore e

reduced. [0083] <Other Embodiment> the above embodiment, the temperature of the gob GG
is adjust@hamqwaﬁhgeét‘léast & po e Igheages) eschaiiimdehie ipeiat theligmepdrartisaserdtire
Vafiati_oné("ligkTﬁ%ﬁ?\%&ﬂ‘éﬂﬁﬁ'ﬂﬁé’éﬁﬁmﬁgeﬂgfﬁﬁﬁ% %%l’r\/@@rﬁﬁﬁpe reduced. A method for
adjusting t[B%égﬁnperature of the gob GG is not limited to the one described above.

(e) Edge polishing Process

Next, an edge polishing process (Step S50) wilekglained. In the edge polishing
process, edge polishing is performed to the sHass gnaterial G.

In the edge polishing, mirror surface finishing iperformed to an
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 grains is used. The&weovnation of dust and damage such as a
flaw are removed by performing the edge polishingherefore, generation of ions such as a

sodium and potassium which cause corrosion camewepted.
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For example, the temperature of the gob GG may be adjusted by cooling a portion of the gob GG of
which temperature is high so that temperature variation with respect to positions over the entirety of
the gob GG can be reduced. Specifically, ventilation may be performed to the portion of the gob GG of
which te @dure is high, and the temperature of the gob GG may be adjusted. [0084] In the
embodiments described above, examples are explained in which the gob GG is temperature-equalized
(that is, WAriakishRaltehipe (HiRsPRl SesfachsHsH istinaRiieSSob GG is reduced) using the eating section
165 or the holding sgctinilsiOderstatPplowdss (@@S@@?%W@%a@ﬁ%lﬁnm@dﬁ@oﬁéﬁ@ﬂhg

strengthen the effect of the temperature equalization, time for temperature equalization (temperature
equalizaffSRGGTR PRl B8 BrAErBBIFAGtRERN S So HARHRBERINGG H ARSI EREM SR WALtk RtREPA
temperauigrgspiAizeiorstnsg Wihsowhbecespl@ned-belews ighagl badsked thad meihpdadismg is
temperature-e ﬁﬁllizat&l%sections that blow out gas will be explained below, and that explanation of
mechanisf'fd| A0 Ve W so forth for blowing out gas will be omitted. Any known mechanism
may apply to suchhadicbaptsivh[0§8S]intenditstly, @ coviigthatitmfesantpepusiogpal surface after the
temperature-equalization segtion 191 will be explained with referenc FIGS. 8A, 8 d FIGS.

08, FIG. R e byt Bl R o Be smpardlure A8 el
a funnel-ghagad) tEvtpe rat e vusiuglthatibresieah cas vl g BBSIRI imah e filst eotishah @f FAS.tBIA point,
illustrati ditign.in, whj [ guall ing.th -S -
rempera oL e R e R e oving

fl_JnneI_-sm_xri@t!SIerﬂﬂi@*alﬁsrél_gtﬁl@aﬁtﬁtipm'@éﬂﬂﬂ@rpl@lewmwéﬂ ﬁmtufbigds@@_ ahﬁpsi.\/?l@faé&?‘iésa
side view, liystrating @ GORAtBRE YYD iRRel-s Eﬂ@ﬁﬁﬁﬁ%’r’@é@ggﬂf?@%ﬁ%lﬁﬁgﬁ@'F\&tgetééd.

partitioned and the gob GG drops. Note thaf, in FIGS. 8A, 8B, drawn length of gas flow
substantififpedirelspeliziying AEveeetdip. [evnd)olissaseddnpent ekl digimnanthshegiohlPol is

located between e sUHGIENIKECOI@R BIaRsassilg HAE baealdifcieRPeEiUrR-6%iiR i {pHRRRESHRN
191 holds the droppln(_:l gok_J GG by floating the gob GG in order to temperature-equalize the gob GG.

The temSeREIGIBLfLARLA CHB KGR A9l AHMalfeUsestATidES JRASTRURRINBIOTaRS Hiaed HBHR
space ingigrsiiagliustrated in FIG. 8A, the temperature-equalization section 191 is provided with a
plurality oigf}ine oles 191h for blowing out gas into an inner surface (that is, into the hollow space).
Diameter S{H%h of the holes 191h may be 50 j.tm for example. The holes 191h may be provided at
intervals @) ChenmcallyeSyahtiiehling P midssm the holes 191h may be air and so forth which is
heated higher than the transition temperature of the glass and lQwer than softening, point of the glass.
With the gas bloNRELodt FOTENE e FUGR S o e e 1 SB3 Ul 6 ARGy Goh 108 e
floated aslitunsttatydstvdti@h8Bingndriicasseaifssrterdrdipnatig quoceseldh o fpstveolighed) Esscfirafass
fusing wi : rature- izati ion 191 even when the glass contact the
temperatﬁraeq-éja%?gﬁggt%ﬁr% s'%elgﬁg? %%W@e‘i%%ce of the temperature-equalization section 191 may be
preferably coatedro/itexalatinend onigerd sMatiembbpaiaseimpeniiie et sabunauitaia A0%hean
imited tq,Sajglepsstact L Ban e RIngH AR Y0 ArRAS ARSI NGRSO Lanbe.
transition temperature or softening point of the glass. The gas that blows out from the holes 191h'is

not limitdéigo GeBinaayiensdanipg esolutanaisNneaie BER S danglFaring weghed sheet glass
temperatyrerSonaiz iR Seelinbdl 99 288341 300 AfighdIaENgHbe: 9nRd8 nadEmpetakraised !zt

section 191 for a constant time to sufficiently temperature-equalize the gob, the

temperattheBiGGNzalEAbER01 52! WiRRHRIHEESNS MdfmeRERICIaRN, dRICAAICEI Henmele
191b in tharapaE 1éop'@mg%'@|t|mtm§ &hlég%@délt_@ 5@6%92;%\1 @@r%r:ﬁmialtiﬂ%ﬂ@thﬁﬁ%#@al{%éoamsi?g is
pressing uni in vertic ownward direction. [00 e temperature-equalization section
on des BT R TR CH o R SRR 5P 68 VA e AT b LB e foe
not limiteshises gtisshapeeridie Gapg@ng-geslization section may be spoon-shaped. A
configuragﬁgf ample using a spoon-shaped temperature-equalization section 192 will be explained
with refer FIGS. 10A, 10B and FIGS. 11A, 11B. FIG. 10A is a plan view illustrating a condition
in which the gob \BGeis teenpbemtiLigbasguabredal S al gpeahHs iispeid dbynpieeaiyitee a upBpdtitons dodon
192. FIG;, is a.B- i FlG.. ill [ dition in which t is
emperall T igh R R B O R SR L R AR ireplacecbv
plan vievilitusaditing iara@ndtibe ipoiatshithdéapudricshbpedivelygergaiiercpdilizaton seetthendcaily

partitonednghie iRPGiE PR HIZ IR 1235 WikSRIMhagenalioninarict the

spoon-shaped temperature-equ tion section 1927 is partitio gob GG drops. The
temperature-equaligatiestcaFESIOMpeNisd SrovileVah dhguciieieaenshRenphifestneAichs
gas is blown out, so that the gob GG floats inside the temperature-equalization section 192. After
floating the gob in the temperature-equalization sectign 192 for a constant time to sufficiently
temperature-equalize the gob, the temperature-equalization section 192 is partitioned into a first
member 192a and a second member 192b in the horizontal direction, as illustrated in FIG. 11A. This

allows the gob GG to drop for the pressing unit 120 in vertically downward direction. It should be
noted that the fiinnel-chaned temperatiire-earialization cection 1091 mav be ahle ta hlow o1t aac with



temperature-equalization section 193. FIG. 13A is a plan view illustrating a condition in which the gob
GG drops from the sheet-shaped temperature-equalization section 193. FIG. 13B is a side view
illustrating a condition in which the gob GG drops from the sheet-shaped temperature-equalization

section 19 +d/iecl§ IPREAHER SO RBYZAIAN %9%#%%@%&@&9%&@%@'@ém it "QlRSric

193h from which gas is blown out, so that the gob GG floats inside the temperature-equalization
section 13@d, the gqriHagsomaiel s W@QHQQ%MW%WEB&JK@@Hwbﬂaﬁlﬁﬁ@bﬂon 193 is
arranged 'Qp to a horizontal direction. Thus, the gob GG, which drops from the cutting unit 160,
floats abgve the temgeratu_re-egqualization section 193 while moving along a surface of the

temperatieRFA L RIS RBGGH A P BN RHRIAESDf gravity. Then, as illustrated in FIGS. 13A,
lgB, thfe r?Ob G%Q@%lfgéébﬁl@mgnmgrﬁtd@%@(ﬂﬁéﬁﬁ%oyimh dwd'uectiﬁm@étgléwmigﬁing
edge of the temperature-equalization section . When using the temperature-equalization sectio
109, the BTOCERR L1 SORPHAL DL A e A o ERIOH 30 BIPIRLAnGhaN e S DR oAy
111 in thetlertbeta disecti ore byasigid dinBbleagimpl ¢hecsshaotisliapkd topedapaiéskingpiizationt 1
section 193. [0090] When the gob GG is temperature-equalized using either of the

tempera rrT(l.\'-equaIization sections as described above, continuation time of floating of the gob GG
depends on necedsitystardmoivpfalisbimg esatatenciadhtiomeatfatiis, mistriyey aolitibmoftthéhsugaoeiphthe

b GG | ' iatior . . _
o TESE LA opPAEEL 08 R, I8 TR T AR, (8501 Sy SR AR i e
long timegrabsdRinel tée fissatnelistTinge(GEePGIEMay tsedbeaenantbpmishiadiatidhersrevtmhgglisiking
Is a possityRY RS AR]YSORSRIIRY TAHGMTBY PRAUFI IR MG URREGHAE RIGSS BCHFab%]Ge grahed

case, supplemental heating from the ‘outside of the temperature-equalization section may be
preferab§sebRigNesS\MEtR8d§ S8 BAlRN&Ipplemental heating may be, but not limited to, infrared
radiation (J{bdji;gj] frequency heating. [0091] As described above, the temperature-equalization
section is located between the cutting unit 160 and the pressing unit 120, and holds the dropping gob

GG by floating theStkerPG iR Rtd TiePhBERHIRIL IS & RARERI M AR G IeiiRh SHIEAHRaEHBIE i efop
greater tapmenatias dbbig olfier) tieckenss ThaldaswilibiasilegpairUiScetslBRtqioTSRliRY In use,

there is advantage that the formed glass blank has substantially complete round. Due to this,
machining allowatte RSP duteeh ASSCHIAIY Blocdsainn IHESRARRHIAL ristassls U 4,
and useless aPant elsechiartabisvinshigfgre decreased. This leads to cost reduction. When roundness
of a disk-shaped_glass material is for example 10.j.tm.qr | it is not required t achine the oyter
Circumierence parl o1 I gILD Rt THER SHial it e oD SIS HE
componédiatiress thietloe terictipanseréme igat malebe soghes sealg S BLES [R0edpal sefmauations
and expeyj esul i i rify the effect of the present inventions with
e St G IR RN

reference to Examples an 3] (Examples 1 to 4) Sheet glass
materials G wereTlimeimudsctinetiatedugi-ice prabe inagngticrtaydds anddBingas anofitecbiagbeigiess

that was %@Q@#W%é%ﬁéﬁe%ﬁs@ 516 PlﬁeBg?eggﬁé%WT_temperature TG in each of the

Examples 1, 2 was 500 degree Celsius. The glass trans temperature TG in each of the Examples

3, 4 was 490 @lgree Celsius. In the Examples 1 to 4, the temperature of the molten glass LG was

1,200 degree Cefgjigsriéniioe ﬁé@%&r‘ﬁﬁaﬂcf@rﬂw%hﬁéﬁ(ﬁﬂﬁﬂ%ﬁﬁt%ﬁ?@ headingeserHen dBeve as Fhewn

in the below Table 1. In the Examples 1 to 4, the Table 1 shows: surface temperature of the cut mark

formed 14$Ws QfddE tefngBratBrE Pt UGPmadRi Rt d TR SENPIP FESTIRICERIGR S Withr SirRBIAABAS bf
differencpetivdsposity fHirtbimguisiiy ke mmed last-anbBrsu fratofaimethérsist isdiruih Hesters 368y,

in the followjng Examples and Comparative Examples, the ¢ ark formed last was positioned at the
(op of (n@BOREE AETICG SR A AU L SO B TR LR T Y s 10 (P 60
Results efriahsuseseni pbildbkinge$StearisBo. of Hiseheekg@estvateriat Gnitedui@chgeghindbment
Examples 1 to.4 are shown in the Table 1. Here, the thickness variatian of the sheet gl erial
was meedEREURE A RYErontaP Ha St AL A B BTSSR S e A Bt
principal politdeegf Stesis§e)shaed dlas sseiadapoleashaspp(SR80) aackiniertechied poithssobtdennésh
hich I bl I for.thi : thi iati

was ObiaSLTNY ALt e e e R, B e P iR TR e
the gob 9L aiay aeoroptinshty ietieosdeiesd on the temperature of the surface of the gob which was

measured[gxé%digermography, utilizing relation of temperature and viscosity which was learned
.[O0

beforehan 4]
In the present embodiment, the molten glagsahd the gob © are heated, which
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Table 1 Example 1 Example 2 Example 3 Example 4 Glass transition temperature (degree Celsius)
500 500 650 650 Heating Section 1,100 650 800 600

enables reduction in temperature variation witlpees to positions over the entirety of the gob
Ge. Thus, viscosity variation with respect to pasis over the entirety of the goh;®an be
reduced, and thickness variation of the manufadtigieeet glass material can be therefore
reduced. Consequently, removal stock in the gniggirocess and the polishing processes can
be reduced, and occurrence of cracks can be sgapresFurther, it is possible to suppress the
“roll-off” which may occur at the outer circumfertgal edge portion of the principal surface of
the sheet glass material.

[0076]

When the cutting unit 160 cuts the molten glagsdut marks are formed because the
molten glass & is rapidly cooled partially by the cutting unit@.6 In the present embodiment,
the heating section 165 heats the entirety of te G;, and the cut marks are then heated as
well. Thus, the cut marks are unlikely to remamthe gob @, and it is possible to prevent
sheer marks that originate from the cut marks ftmeimg formed in the sheet glass material G.
That is, with the cut mark heated after the gofmimed, temperature variation in the whole of
the glass gob becomes small. Thus, a formed simeek may be small and close to the
principal surface or a sheer mark may not be formed

As described above, the sheer mark formed in thespforming process according to
the present embodiment is small and close to timeipal surface. Thus, the sheer mark may
be removed even with removal stock of aboupB0of the subsequent grinding and/or polishing
process.

[0077]
<Second Embodiment>

Next, a manufacturing method of a glass subsfatenagnetic disk according to the
second embodiment will be described. The manufiagfumethod of a glass substrate for
magnetic disk according to the present embodinguifierent from the first embodiment in a
press forming process. The other processes aresdhwe as those described in the first
embodiment, and explanations of the other procemsetherefore omitted. The part different
from the first embodiment will be explained.

Unlike the first embodiment, the heating secti@3 is not provided around the cutting
unit 160 in the present embodiment. Further, entite first embodiment, a holding section
180 is provided between the cutting unit 160 and firessing unit 120 in the present
embodiment.

[0078]

Here, with reference to the side views illustratedrIGS. 7A to 7C, the press forming
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(degree Celsius) Temperature of Top of Gob (degree Celsius) 1,050 1,000 1,000 1,000
Temperature of Bottom of Gob (degree Celsius) 1,000 930 950

process in the present embodiment will be explainddG. 7A is a side view illustrating an
arrangement before the molten glagsalnd a cutting unit 160 contact. FIG. 7B is a sigav
illustrating an arrangement after the cutting W& cut the molten glassL FIG. 7C is a side
view illustrating an arrangement when the pressinigj 120 performs press forming for a lump
of the molten glass &

[0079]

As illustrated in FIGS. 7A to 7C, the holding sent 180 is provided between the
pressing unit 120 that has moved to the catchipasénd the cutting unit 160. The holding
section 180 includes a first member 181 and a seowember 182. The first member 181 and
the second member 182 are driven by a drive déumeillustrated) so as to mutually move on a
horizontal surface. A recess, which is drawn vatbroken line in the drawing, is formed at
each top face of the first member 181 and the skecoember 182 such that, when the first
member 181 and the second member 182 are bounda@setl, a hemispheric recess is formed
at the top face of the holding section 180.

Temperature of the holding section 180 is corgbllbby a temperature control
mechanism (not illustrated). The temperature ef iblding section 180 may be higher than
room temperature, and may preferably be closenpéeature of the molten glasg.L In the
present embodiment, the temperature of the holdewgion 180 is about 1,100 degree Celsius
for example.

[0080]

As illustrated in FIG. 7A, a molten glass matetigl continuously flows out from the
molten glass outflow port 111. The temperatur¢hef molten glass d.is about 1,200 degree
Celsius for example. At this time, the holding tget 180 is closed at a position vertically
downward to the molten glass outflow port 111.

As illustrated in FIG. 7B, the cutting unit 160dgven at predetermined timing, and the
molten glass materiald.is cut with the first cutting blade 161 and them® cutting blade 162.
Then, cut molten glass becomes substantially spdegpb G due to the surface tension of the
molten glass. In the example illustrated in FIB, @n outflow quantity per time of the molten
glass material & and a driving interval of the cutting unit 160 adjusted such that a gols G
having radius of about 10 mm is formed every timedutting unit 160 is driven.

[0081]

The formed gob edrops vertically downward, and is held by the hoddsection 180.
At this time, the lower portion of substantiallyhgpical gob G is received in the recess of the
holding section 180, and heated. On the other h#edupper portion of the gols@® exposed
to the upper side.
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910 Difference of Viscosity of Cut Mark Formed Last and First (Poise) 1.5 X 104 8.0 X 104 8.0 X 105
4.5 X 106 Thickness Variation (Pm) 59 11 12 [0095] As shown in the Table 1, by providing the
heating section 165, thickness variation of 15 Rm or less of the sheet glass material was obtained.

Further, itis U”dﬁ@ERQH&WI&%&%&%W@@W%&%W%ﬁ@‘%@tiﬂﬂﬁﬁ%gé%@ﬁ@ﬂyt&&m%ﬁd.

variation of the sheet glass materials G was smaller. [0096] (2Example_s 5to _ _
The first driving unit 123 and the second drivingtul24 are driven such that the first die 121

and the second die 122 come close each other aintiveg when the gob &enters a gap
between the first die 121 and the second die 1Jhis allows the gob &to be captured
(caught) between the first die 121 and the secand 2R, as illustrated in FIG. 7C. Further, the
inner circumferential surface 121a of the first #i&d and the inner circumferential surface 122a
of the second die 122 come close with a minute gag,then the gob & whichis sandwiched
between the inner circumferential surface 121aeffirst die 121 and the inner circumferential
surface 122a of the second die 122, is formedariton sheet.

The subsequent processes are the same as thake bfst embodiment described
above.

[0082]

In the present embodiment, the holding section A8ds the gob eformed by the
cutting unit 160, and at least the lower portiontlod gob G is heated. Thus, temperature
variation with respect to positions over the emyiref the gob G can be reduced. Thus,
viscosity variation with respect to positions otlee entirety of the gob &can be reduced, and
thickness variation can be therefore reduced.

[0083]
<Other Embodiment>

In the above embodiment, the temperature of tihe@as adjusted by heating at least a
portion of the gob @ of which temperature is low so that temperatungatian with respect to
positions over the entirety of the gobs @an be reduced. A method for adjusting the
temperature of the gobd® not limited to the one described above.

For example, the temperature of the gain@ay be adjusted by cooling a portion of the
gob Gs of which temperature is high so that temperatamation with respect to positions over
the entirety of the gob &can be reduced. Specifically, ventilation maypeeformed to the
portion of the gob @ of which temperature is high, and the temperatidirtne gob G may be
adjusted.

[0084]

In the embodiments described above, examples>ania@ieed in which the gob &s
temperature-equalized (that is, variation of terapees in positions of the whole gols G
reduced) using the eating section 165 or the hgldettion 180 located below the molten glass
outflow port 111. In order to further strengthée effect of the temperature equalization, time
for temperature equalization (temperature equabmatime) may be preferably lengthened.

Specific configuration examples to lengthen the perature equalization time will now be
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Sheet glass materials G were manufactured through the press forming process according to the
second embodiment that was explained with reference to FIG 7. The glass transition temperature TG
in each of the Examples 5, 6 was 500 degree Celsius. The glass transition temperature TG in each of

the Examplsiificl aRGR0 dedBtifFoalior HaFHRTRER Ao dha R EIBR R S B R hat

glass LG was 1,200 degree Celsius. In the Examples 5 t0 8, the temperature of the holding

section 100 &4 GRSWHIIrb@ &RIRAET Ao, Iﬁﬂ%é@k%é&’@w@%ém‘%{ﬂléﬁf §H(ﬁ@§@%@é‘d SO
temperaiierofrgie atvingy <o eRe 3wl efaseitespperakie rbd eraEHaRIknOf BisHIANS redehis

calculated Wlth simulations of difference of viscosity of the cut mark formed last and the cut mark
formed fif8€ChanigTsyits of measurement of thickness variation of the sheet glass material G
manufactyoggs) the Examples 5 to 8 are shown in the Table 2. [0097] Table 2 Example 5 Example 6

Example 7 Exa Glass transition temperature (degree Celsius) 500,500 650 650 H ng section
xamp X mfplrst y, a confagurlalt?on ex mpfeLzl us(lngga tempe{g} ualzat?on sec%on %di \%Iﬁ I

explained with reference to FIGS. 8A, 8B and FI®&, 9B. FIG. 8A is a plan view
illustrating a condition in which the gobsGs temperature-equalized using a funnel-shaped
temperature-equalization section 191. FIG. 8BnsAaA sectional of FIG. 8A illustrating a
condition in which the gob & is temperature-equalized using the funnel-shaped
temperature-equalization section 191. FIG. 9A @am view illustrating a condition in which
the funnel-shaped temperature-equalization sect®@h is partitioned and the gobg@rops.
FIG. 9B is a side view illustrating a condition imwhich the funnel-shaped
temperature-equalization section 191 is partitioaed the gob edrops. Note that, in FIGS.
8A, 8B, drawn length of gas flow FL substantialyr@sponds to flow velocity.
[0086]

The temperature-equalization section 191 is latétetween the cutting unit 160 and
the pressing unit 120. The temperature-equalizatéxtion 191 holds the dropping gob B/
floating the gob G in order to temperature-equalize the gab GThe temperature-equalization
section 191 is made of stainless steel for exanaplé,has a hollow space inside. As illustrated
in FIG. 8A, the temperature-equalization sectiod 19 provided with a plurality of fine holes
191h for blowing out gas into an inner surface t(tisainto the hollow space). Diameter of
Each of the holes 191h may be pth for example. The holes 191h may be provided at
intervals of 0.2 mm. The gas that blows out fréwa holes 191h may be air and so forth which
is heated higher than the transition temperatutbefjlass and lower than softening point of the
glass. With the gas blowing out from the holesH 9he gob @ that drops from the cutting
unit 160 is floated as illustrated in FIG. 8B, dhdn temperature-equalized. In order to prevent
the glass from fusing with the temperature-equabnasection 191 even when the glass contact
the temperature-equalization section 191, the serfd the temperature-equalization section 191
may be preferably coated with platinum or gold. téMial of the temperature-equalization
section 191 is not limited to stainless steel batyrbe other ones having more heat resisting
property, considering the transition temperaturesaftening point of the glass. The gas that
blows out from the holes 191h is not limited to, &ut may be other gases such as Nitride,
considering durability of the temperature-equal@asection 191.

[0087]
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800 500 1,100 650 (degree Celsius) Temperature of Top of Gob (degree Celsius) 1,000 1,000
1,050 1,000

After floating the gob in the temperature-equdl@asection 191 for a constant time to
sufficiently temperature-equalize the gob, the terapure-equalization section 191 is partitioned
into a first member 191a and a second member I91tei horizontal direction, as illustrated in
FIG. 9A. This allows the gob &to drop for the pressing unit 120 in verticallywdavard
direction.

[0088]

The temperature-equalization section 191 descrédimxVe is funnel-shaped; however,
structure of the temperature-equalization sectien not limited to such shape. The
temperature-equalization section may be spoon-shapA configuration example using a
spoon-shaped temperature-equalization section iBbzevexplained with reference to FIGS.
10A, 10B and FIGS. 11A, 11B. FIG. 10A is a plaewiillustrating a condition in which the
gob Gsis temperature-equalized using a spoon-shaped tatope-equalization section 192.
FIG. 10B is a B-B sectional of FIG. 10A illustragira condition in which the gob s
temperature-equalized using the spoon-shaped tatperequalization section 192. FIG. 11A
is a plan view illustrating a condition in whichethlspoon-shaped temperature-equalization
section 192 is partitioned and the gobdeops. FIG. 11B is a side view illustrating a citiod
in which the spoon-shaped temperature-equalizaemtion 192 is partitioned and the gob G
drops. The temperature-equalization section 192sis provided with a plurality of fine holes
192h from which gas is blown out, so that the ge{fl@ats inside the temperature-equalization
section 192.

After floating the gob in the temperature-equdl@asection 192 for a constant time to
sufficiently temperature-equalize the gob, the terapure-equalization section 192 is partitioned
into a first member 192a and a second member 19 #ei horizontal direction, as illustrated in
FIG. 11A. This allows the gob &&to drop for the pressing unit 120 in verticallywdovard
direction.

It should be noted that the funnel-shaped temperatqualization section 191 may be
able to blow out gas with high speed from the buoitand float the gob §&more stably than the
spoon-shaped temperature-equalization section 192.

[0089]

The temperature-equalization section may be flatconcave sheet-shaped. A
configuration example using a sheet-shaped temperagualization section 193 will be
explained with reference to FIGS. 12A, 12B and EIG8A, 13B. FIG. 12A is a plan view
illustrating a condition in which the gobgGs temperature-equalized using a sheet-shaped
temperature-equalization section 193. FIG. 12B 8-C sectional of FIG. 12A illustrating a

condition in which the gob & is temperature-equalized using the sheet-shaped
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Temperature of Bottom of Gob (degree Celsius) 950 900 1,000 930 Difference of Viscosity of Cut Mark
Formed Last and First (Poise) 4.0 X 104 1.6X 105 1.4X 105 2.0 X 106 Thickness Variation (Pm) 8 10 8

11

temperature-equalization section 193. FIG. 134 jdan view illustrating a condition in which
the gob G drops from the sheet-shaped temperature-equalizatotion 193. FIG. 13B is a
side view illustrating a condition in which the goBs drops from the sheet-shaped
temperature-equalization section 193. The temperagqualization section 193 is also
provided with a plurality of fine holes 193h fromhieh gas is blown out, so that the gob G
floats inside the temperature-equalization sectf@®

As illustrated in FIG. 12B, the sheet-shaped teaipee-equalization section 193 is
arranged sloping to a horizontal direction. Thhbs,gob G, which drops from the cutting unit
160, floats above the temperature-equalization@edi93 while moving along a surface of the
temperature-equalization section 193 due to infteeof gravity. Then, as illustrated in FIGS.
13A, 13B, the gob © drops for the pressing unit 120 in vertically devemd direction after
reaching an edge of the temperature-equalizationtioge 193. When using the
temperature-equalization section 193, the presamg 120 may be arranged shifted from a
position off the molten glass outflow port 111 hethorizontal direction by longitudinal length
of the sheet-shaped temperature-equalization set€8.

[0090]

When the gob ©is temperature-equalized using either of the teaipee-equalization
sections as described above, continuation timafihg of the gob gdepends on necessity for
how far temperature variation, that is, viscosityiation of the surface of the gol;® to be
reduced. In order to reduce thickness variatiodiQqm or even fm, the gob @ may be
preferably floated for a longer time. It should ted that, when the gobs@ floated for a
long time, absolute temperature of the gobn@y be down due to heat radiation. Accordingly
there is a possibility that thin sheet glass foramaimay be difficult in the subsequent press
forming. In such case, supplemental heating froendutside of the temperature-equalization
section may be preferably performed. Methods fmhssupplemental heating may be, but not
limited to, infrared radiation or high frequencyatiag.

[0091]

As described above, the temperature-equalizagotian is located between the cutting
unit 160 and the pressing unit 120, and holds tieeming gob G by floating the gob. This
prevents the pressed glass blank from having leingéhdirection of drop greater than lengths in
the other directions. That is, with the tempemequalization section in use, there is
advantage that the formed glass blank has subatgr@omplete round. Due to this, machining
allowance for the subsequent scribing process hadchamfering process is decreased, and
useless amount of material is therefore decreas&tis leads to cost reduction. When

roundness of a disk-shaped glass material is famgke 10um or less, it is not required to
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[0098] As shown in the Table 2, by providing the holding section 180, thickness variation of 15 Rm
or less of the sheet glass material was obtained. Further, it is understood that, as the temperature of
the holding section 180 was higher, thickness variation of the sheet glass materials G was smaller.

[0099] (Exaphlgs thel @it GRORFHR EXRRPRSHe Dlaase NS FHRIRPRIBHYA FXRAPIERHANHE:

sheet glass materials G were manufactured without using the heating section 165 or the holding
section 19AMPle)PfHEEYRHDROTRARRI LYY eI BIRISRCAH RAF A EE BHBDMRPERS press
forming process according to the second embodiment that was explained with reference to FIG 7.
Note that, in the Example 9, the temperature of the holding section 180 was lower than the glass
transitiorﬁéﬁ‘wgﬂaﬁﬁ‘e TG. In the Example 10, sheet glass materials G were manufactured
through the@gegs forming process according to the first embodiment that was explained with reference

to FIG 4. Note that, in the Example 10, the temperature of the heati ection 165 was loyer than the
otass ransition taIBUFEES AE SXPHATEELIRIE 971 o8 FABB HEi b S e o5t flahe
temperatoresehthiaventiongleiss tefeverséd 00y ptesCGalsliirddioExamplethe Examples 9, 10 and
Comparat'ms amples 1, 2, the Table 3 shows: surface temperature of the cut mark formed last;

pe

surface te rature of the cut mark formed first; and results calculated with simulations of difference
of viscos(fyxaintipdesut toatk formed last and the cut mark formed first. Results of measurement of

e AL AT AL AR D R R adcpmanial
to the first embodiment that was explained witherehce to FIG. 4. The glass transition
temperature & in each of the Examples 1, 2 was 500 degree Gelsilihe glass transition
temperature § in each of the Examples 3, 4 was 650 degree Gelsiln the Examples 1 to 4,
the temperature of the molten glasswas 1,200 degree Celsius. In the Examples 1 thed,
temperature of the heating section 165 is as showre below Table 1. In the Examples 1 to 4,
the Table 1 shows: surface temperature of the @wk formed last; surface temperature of the
cut mark formed first; and results calculated vsittmulations of difference of viscosity of the cut
mark formed last and the cut mark formed first. shiould be note that, in the following
Examples and Comparative Examples, the cut markddrlast was positioned at the top of the
gob Gs, while the cut mark formed first was positionedret bottom of the gob &

Results of measurement of thickness variation loé sheet glass material G
manufactured in the Examples 1 to 4 are shownariTtble 1. Here, the thickness variation of
the sheet glass material G was measured with aometer manufactured by Mitsutoyo
Corporation, Japan. 5 mm mesh on the principdhsarof the single sheet glass material was
assumed, and intersection points of the mesh whete stably measureable were selected for
thickness measurement. The thickness variationobéasned by difference of the maximum
thickness and minimum thickness measured. Viscogsft the gob was calculated with
simulations based on the temperature of the surédcthe gob which was measured with

thermography, utilizing relation of temperature armstosity which was learned beforehand.

[0094]
Table 1
Example 1 Example 2 Example 3 Example 4
Glass transition temperature 500 500 650 650
(degree Celsius)
Heating Section 1,100 650 800 600
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Comparative Example 2 Example 10 Glass transition temperature (degree Celsius) 500 500 650 650
Heating Section (degree Celsius) 500 Holding section (degree Celsius)

(degree Celsius)

Temperature of Top of Gob 1,050 1,000 1,000 1,000

(degree Celsius)

Temperature of Bottom of Gop 1,000 930 950 910

(degree Celsius)

Difference of Viscosity of Cut 1.5 X 1¢ 8.0 X 1d 8.0 X 16 45X 16

Mark Formed Last and First
(Poise)

Thickness Variation 5 9 11 12

(um)

[0095]
As shown in the Table 1, by providing the heasegtion 165, thickness variation of 15
um or less of the sheet glass material was obtainBdrther, it is understood that, as the
temperature of the heating section 165 was higtieckness variation of the sheet glass
materials G was smaller.
[0096]
(Examples 5 to 8)

Sheet glass materials G were manufactured thrthegpress forming process according
to the second embodiment that was explained wilgreace to FIG. 7. The glass transition
temperature & in each of the Examples 5, 6 was 500 degree Gelsilihe glass transition
temperature § in each of the Examples 7, 8 was 650 degree Gelsiln the Examples 5 to 8,
the temperature of the molten glagsvias 1,200 degree Celsius.

In the Examples 5 to 8, the temperature of thelihgl section 180 is as shown in the
below Table 2.

formed last; surface temperature of the cut manknéal first; and results calculated with

In the Examples 5 to 8, the Tabdlh@ws: surface temperature of the cut mark

simulations of difference of viscosity of the cuark formed last and the cut mark formed first.
Results of measurement of thickness variation loé sheet glass material G

manufactured in the Examples 5 to 8 are shownamtble 2.

[0097]
Table 2
Example 5 Example 6 Example 7 Example
Glass transition temperature 500 500 650 650
(degree Celsius)
Holding section 800 500 1,100 650
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400 Temperature of Top of Gob (degree Celsius) 950 950 950 1,000 Temperature of Bottom of Gob
(degree Celsius) 700 750 700 890 Difference of Viscosity of Cut Mark Formed Last and First (Poise)
7.0 X 107 1.0 X 107

(degree Celsius)
Temperature of Top of Gob 1,000 1,000 1,050 1,000
(degree Celsius)
Temperature of Bottom of Gop 950 900 1,000 930
(degree Celsius)
Difference of Viscosity of Cut 4.0 X 1¢ 1.6 X 10 1.4 X 10 2.0 X 10
Mark Formed Last and First

(Poise)
Thickness Variation 8 10 8 11
(um)

[0098]

As shown in the Table 2, by providing the holdsggtion 180, thickness variation of 15
um or less of the sheet glass material was obtainBdrther, it is understood that, as the
temperature of the holding section 180 was highieickness variation of the sheet glass
materials G was smaller.

[0099]
(Examples 9, 10 and Comparative Examples 1, 2)

In the Comparative Examples 1 and 2, sheet glas®rials G were manufactured
without using the heating section 165 or the hadiaction 180.

In the Example 9, sheet glass materials G weraufaatured through the press forming
process according to the second embodiment thaew@ained with reference to FIG. 7. Note
that, in the Example 9, the temperature of the ihgldection 180 was lower than the glass
transition temperaturegl

In the Example 10, sheet glass materials G weraufaatured through the press
forming process according to the first embodiméat was explained with reference to FIG. 4.
Note that, in the Example 10, the temperature efhiating section 165 was lower than the glass
transition temperaturecl

In the Examples 9, 10 and Comparative Examplel 1he temperature of the molten
glass Ig was 1,200 degree Celsius.

[0100]

In the Examples 9, 10 and Comparative Example®, Ihe Table 3 shows: surface
temperature of the cut mark formed last; surfaceperature of the cut mark formed first; and
results calculated with simulations of differendeviscosity of the cut mark formed last and the

cut mark formed first.
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4.5 X 1012 6.0 X 106 Thickness Variation (Pm) 100 90 150 70 [0102] As shown in the Table 3, it
is understood that the thickness variation of the manufactured sheet glass material G in the Examples
9, 10 and Comparative Examples 1, 2 was larger than that in the Examples 1 to 8. This is because,

when either one plfaiengReIRBHERRANY HEIOHLEY SRHNLASRIVAsHRE p%a&e%%&avmn@e

temperature of the heating section 165 or the holding section 180 was lower than the glass transition
temperati@THEaciHEcdiffe FERIWEYISRYB, HéhnBEARRAHRNENSIRE cka PEOT RRVEUNHREKTRPIRCY last
and the snggg]temperature of the cut mark formed first, and consequently, difference of viscosity of
the cut mark formed last and the cut mark formed first was large. It is also understood from the Table 3
that the th#Reds variations in the Examples 9, 10 was smaller that those in the Comparative
Examples 1, 2 because the gob GG was beatpdhefase t@gmg@fgrrnimdmﬁ@ﬁm\n%@@o
[0103] Next, the processes S20, S30, S50 to S80 (that is, excluding grinding using fixed abrasive
grains) were performed sequentially to calXBFEHEE! dlass materials |G Pi?a ks) of the Examples

1 to 10 to Rrapares@isias s bsipries fas magnesmodisk. That issgtass substratgsdor magnetig8isk were

preparec l\(\Cq'thout p§r orming a grinding [process for improving flatness of surfaces. It should be
noted th ﬂ%?@p fi VU[ glass substrates for magnetic disk, the first polishing and the second
polishing wetgipgr8xotied in the following conditions. First polishing: - 500

(degree Celsius)

Holding section - 400 - -
(degree Celsius)
Temperature of Top of Gob 950 950 950 1,000
(degree Celsius)

Temperature of Bottom of Gop 700 750 700 890
(degree Celsius)
Difference of Viscosity of Cut 7.0 X 10 1.0 X 1d 4.5 X 102 6.0 X 10
Mark Formed Last and First
(Poise)

Thickness Variation 100 90 150 70
(nm)

[0102]

As shown in the Table 3, it is understood that th&ckness variation of the
manufactured sheet glass material G in the Exan$ylé® and Comparative Examples 1, 2 was
larger than that in the Examples 1 to 8. Thisasawse, when either one of the heating section
165 and the holding section 180 was not providedwioen the temperature of the heating
section 165 or the holding section 180 was lowantthe glass transition temperaturg The
difference was large between the surface temperatiuthe cut mark formed last and the surface
temperature of the cut mark formed first, and cquosetly, difference of viscosity of the cut
mark formed last and the cut mark formed first Jeaige. It is also understood from the Table
3 that the thickness variations in the Example$®was smaller that those in the Comparative
Examples 1, 2 because the gopvas heated before the press forming in the Exasriplé0.

[0103]
Next, the processes S20, S30, S50 to S80 (thaxiduding grinding using fixed
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Loose abrasive grains of cerium oxide (average particle size: diameter of 1 jim to 2 jim) and a hard
urethane pad (JIS (Japanese Industrial Standards) -A hardness: 80 to 100) were used for polishing.
Removal stock in the first polishing was 101.tm to 40 Rm. Second polishing Loose abrasive

grains Oféiﬂlé@%?f%?ﬁé%ﬁgﬁe?ﬁﬂﬁ@d%ﬁu@ﬁmfm&ﬁ%ﬁ%@ﬂa@é‘%?éﬁ’a%s(?f@%@ (TGRS of

pad (Asker C hardness: 50 to 80) were used for polishing. Removal stock in the second polishing was

1 jim to ienExamplesnk K HAePHRRRE SR Sy BRI MIReie Sisk malfilic dBRSFeTeRREakng for
Inspecte ¢ AaRiwefig (e T IRIHIORRABACIRIEIN M RIBGH $ HTE6Ss 1tdp HAPRISIAGAIHRTESY IBf

that, because the sheer mark formed on the glass blank of the Example 1 to 10 was small and close to
the princit¥i&tRface, the sheer mark was removed with removal stock of 501.tm or less. [0104] All

examples and candiienRl IBeanG@e reRitedrhereiparitg niendpddtpedadoninrpusnosesko aid het
reader in understandipg the invention.and the concepts contriuted by the inventor to furthering the
ot and BRI AR oS RO UG SRS R EORE ML FULRLS examples an
conditionsFinsr ploieshthg:organization of such examples in the specification relate to a showing of the
superiority and inferiority of the invention, Although the embodiment(s) of the present inventions have
oo deseribed O SR i e ST A BV B AR ERE g ST R K
alternatiaglcauldrdeunedicianecpeatd WithduapepasinintrosiaddEsgs)it-Antesdopenf&hdinien)iorerasstd

Is .C'a.‘me%}ﬁ?onshijn-gf* ”ﬁ‘gﬁ#&%‘ﬂ@&%mﬁﬁ‘ﬁ? f?&?ﬁé"f&é@i%&'@%ﬂ%@éﬁdigk Including a pair of
principal surfaces, thie method comprising: dropping process fof dropping a lump of molten glass;
pressing Phecesifbplishifiag a sheet glass material by sandwiching simultaneously the lump from both

sides of the droppigspalh akine JHAIRSUNIERES SN RRFHReHIGS BoingIaRRIRG oRDB RRTRMAY

press forming to the lump; and temperature adjusting process for adjusting temperature of the

lump befBftROBrésiAl pprebayshianetiad isOsKRy VariBatinBpaie I8Mh aredwssd wWRh RN
positionsrayeihe srdieH HeNeLEAR FhiRG PP SR RECSESS- 2. A manufacturing method of a

glass blank for magnetic disk including a pair of principal surfaces, the method cogﬁgising: dropping

process for droppigtBgusts8eRmIR GRsBreraresgiastumy BB I §78BHES s d5ih IRy YRV RIMp

¥Vith _temmhpé@@?\,ighéfém?ﬂgd@ﬁ%iim&mp@b@_ ?ﬁ%@&hﬂ@%ﬁ:ﬂﬂ%ces.pfﬁlﬁgigﬂmmf ¢ felom

orming a sheet glass materjal by sandwiching simultaneoysly t mp from both sides of the

dropping DA BERE e JHF SUREL LR 1T OF JES BB P BRI pe AT it rsell and

forming teldke toname prin@pal Batadas thenshewthestoisagiass hiahkdaionaosteik disgercopigitg to

the claimigf;l/gﬂ?rein the temperature adjusting process heats the lump by use of a heating section, the
on

heating s positioned around dropping path of the lump.
All examples and conditional language recited imegge intended for pedagogical

purposes to aid the reader in understanding thentron and the concepts contributed by the
inventor to furthering the art, and are to be caest as being without limitation to such
specifically recited examples and conditions, noegdthe organization of such examples in the
specification relate to a showing of the supernoand inferiority of the invention. Although
the embodiment(s) of the present inventions havenbeéescribed in detail, it should be
understood that the various changes, substitutanr alternations could be made hereto without
departing from the spirit and scope of the invemtio
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4. A manufacturing method of a glass blank for magnetic disk according to the claim 1, wherein the
temperature adjusting process heats the lump by use of a holding section, the holding section holding
at least a vertically lower portion of the dropped lump. 5. A manufacturing method of a glass blank
for magngjicisk-AGREding to the claim 1, further comprising cutting process for cutting molten glass
with cutting blades, wherein the temperature adjusting process heats a cut mark that is formed with the
cutting blades in the cutting process. 6. A manufacturing method of a glass blank for magnetic disk

according to the glaign rha\vhgeaiini SifTaRRAsEIObING \iReOSI AN Fytatiyt MiskkmEnnenag QD lynp
is five million poise or less. 7. A manufacturing method of a glass blank for magnetic dis

according 18R LRYHRECHHERMEIRPSAMPES BFthe pair of dies are lower than a strain point of the
glass. 8. A mpopfastprecewetieddrbptrpa hiank dmoaensiie disk according to the claim 1,

5% $i02. 110 1BEORDSIEERF S DEGNH BANEEh S Eom B EAEOSEUAE Rr TOTEY R ShL 136,
Na20, arldri20rdniatiytd sikeYohtheagppigopapions theslesidd Siofadbs gfate plaMa® deadaSny

BaO, arﬁan%,earmd tgta(l%/ 0 ;[Tc])i%O% at Iefas;,e Inl)qnetg%n onen selected from the group of Zr02, Ti02,
La203, 8 a26§, NS E%r Lnd Pifo? 8T AMShISURAG NG method of a glass blank for magnetic disk,
the method comeisipgratuttinggiustiegsforaassiigrmditestighssaipabdithe lump defooédhayareassing

heating f ' . 0n-of. the SS;-an i S
Prepany S s e g A O ospec ooy vebie
glass witArdifilr of diedumpr e PaERs MYGIESESS.  10. A manufacturing method of a glass blank for
magnetic disk according to the claim 9, wherein temperature of the molten glass is 1,000 degree

Celsius or higher. 11. A manufacturing method of a glass blank for magnetic disk according to the

claim 9, wherein Zedtipptdasidrincaineteadngd Wittlesm feratarfon GRED tRisk tiRRkigbDtEmPRafre

of the glgHtncipal SerfAcBaniHachstnedneshastishy glass blank for magnetic disk according to the claim
9, wherein temperatures of the pair of dies at timing when the press forming begins are lower than a

strain point of th&BIREENT Propgsa IaLAIRRBINARY HIBHELBPREGRHR blank for magnetic disk according

to the claim 9, whenghe taei@laagjaontynsrRe oMo rechhagethe NthoAthalandethrmarolRan the
percentages: b0 to 75% Si02, 1ﬂt§o 15‘%1 Al203, totally 5 to 35% at lease one component selected from

the grou ﬁrﬂf'i%f R%EB?%%‘&WR ,tﬂﬁéﬂ 9%?'(@@ % at lease one component selected from the group of

MgO, CaO, Sr0, preSsiagdprovesarnidrtdtatyfyta Hhideatdrasernbtaiaarhnichisg lsittediboso il gHeup
of 2102, d?ﬁzp Ifr%%?%o I%Os:f’dérs? %??heN brggp%%deaiﬂzof thmppuwith surfaces of the pair of dies facing

together, and performing press forming to the lump.

3. A manufacturing method of a glass blank for n&ig disk according to the claim 1,
wherein the temperature adjusting process heatsitiye by use of a heating section, the heating

section positioned around dropping path of the lump

4. A manufacturing method of a glass blank for n&dig disk according to the claim 1,
wherein the temperature adjusting process heatduthe by use of a holding section, the
holding section holding at least a vertically lovpertion of the dropped lump.

5. A manufacturing method of a glass blank for n&ig disk according to the claim 1,
further comprising cutting process for cutting realtglass with cutting blades, wherein the
temperature adjusting process heats a cut markighfarmed with the cutting blades in the
cutting process.

6. A manufacturing method of a glass blank for n&ig disk according to the claim 1,
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14. A manufacturing method of a glass blank for magnetic disk according to the claim 9, wherein the
heating process heats the lump of molten glass while the lump cut in the cutting process drops, and
wherein the pair of dies is located on the both sides of the dropping path. 15. A manufacturing

method of gepiasittaninics 8?%8‘%?!&5&%3?8?%@'%&%&%@'%%%&‘6}?EHB‘ HIRERAHAY R ﬁﬁﬁﬁﬁ&@"’s

out heated gas for at least a cut portion of the lump of molten glass cut in the cutting process.

A manuf&t&$ig method of a glass substrate for magnetic disk by use of a glass blank for magnetlc
disk manufactured by a method of a glass blank for magnetic disk, the method of a glass blank for
magnetic disk comprising: cuttlng process for cutting molten gﬁlass to obtain a Iur?ﬁ of molter;@glass

heating process forh@nYactii R mstadid Riglpss Ridnkry FES gk aceoring irdeeLar

preparingvadraissterapkrisiureagitatie gislk of ahechetdswaintesahby pursofanvigmyse lump of molten
glass with a pair of dies after the heating process. 17. A manufacturing method of a glass

substrate for magnetic disk according to the claim 16, the method comprising a machining process for
machining a pringipalsariatzctiring ghessdulaotkaoiamsadiatik s it dzk acaiosting o Hoepoaoniess.

wherein the glass contains, as converted baseldeooxide, denoted as molar percentages: 50 to
75% SiQ, 1 to 15% AJO;, totally 5 to 35% at lease one component seleftted the group of
Li,O, N&O, and kO, totally 0 to 20% at lease one component seldcted the group of MgO,
CaO, SrO, BaO, and ZnO, and totally 0 to 10% atde@ne component selected from the group
of ZrO, TiO,, LapyO3, Y03 TaOs Nb,Os and HIQ.

9. A manufacturing method of a glass blank for neg disk, the method comprising:
cutting process for cutting molten glass to obtalomp of molten glass;

heating process for heating a cut portion of timeed of molten glass; and

forming process for preparing a glass blank fognegic disk of sheet glass material by

press forming the lump of molten glass with a péidies after the heating process.

10. A manufacturing method of a glass blank fognadic disk according to the claim 9,
wherein temperature of the molten glass is 1,0@@edeCelsius or higher.

11. A manufacturing method of a glass blank fognaic disk according to the claim 9,
wherein heating process heats the lump with tenyerdnigher than transition temperature of

the glass.

12. A manufacturing method of a glass blank fognadic disk according to the claim 9,
wherein temperatures of the pair of dies at tinvilgen the press forming begins are lower than a

strain point of the glass.

13. A manufacturing method of a glass blank fognaic disk according to the claim 9,
wherein the glass contains, as converted baseldeooxide, denoted as molar percentages: 50 to
75% SiQ, 1 to 15% AJO;, totally 5 to 35% at lease one component seleftted the group of
Li,O, N&O, and kO, totally O to 20% at lease one component seldcted the group of MgO,
CaO, SrO, BaO, and ZnO, and totally 0 to 10% atde@ne component selected from the group
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of Zr02T|02 La203 Y203 T@O5 szOs and HfQ

14. A manufacturing method of a glass blank fognadic disk according to the claim 9,
wherein the heating process heats the lump of matass while the lump cut in the cutting
process drops, and wherein the pair of dies igdaolcan the both sides of the dropping path.

15. A manufacturing method of a glass blank fognaic disk according to the claim 9,
wherein the heating process blows out heated gaat feast a cut portion of the lump of molten
glass cut in the cutting process.

16. A manufacturing method of a glass substraterfagnetic disk by use of a glass
blank for magnetic disk manufactured by a methodaajlass blank for magnetic disk, the
method of a glass blank for magnetic disk compgisin

cutting process for cutting molten glass to obtalomp of molten glass;

heating process for heating a cut portion of tieed of molten glass; and

forming process for preparing a glass blank fognegic disk of sheet glass material by

press forming the lump of molten glass with a péidies after the heating process.
17. A manufacturing method of a glass substratenfagnetic disk according to the

claim 16, the method comprising a machining prodessnachining a principal surface of the

glass blank for magnetic disk with removal stock@fum or less.
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