[ DESCRI PTION] [Title of Invention] METHOD FOR MANUFACTURI NG GLASS

BLANK FOR MAGNETI C DI SK AND METHOD FOR MANUFACTURI NG GLASS SUBSTRATE

FOR MAGNETI C DI SK [ Techni cal Field] [0001] The present

invention relates to a nmethod for manufacturing a glass blank for

magnet [RESCRKPTAAIN]a net hod for manufacturing a glass substrate for
magnet i c di sk. [Ba kground Art] [0002] Recently, a hard disk

drive H@UF@E |s incorporated in a personal conputer or a DVD

(Digit ghﬁﬁ) hat I r Eﬁﬁﬁ?r
Parti c§+ aﬁyﬁbhm AcfjE di's %‘%%@%sl“e r?d;{ jogéfalﬁa %s]ﬁggc%N HOD

the noFERORIANIEFACTEIR NONBLASE NASSIR ATR pqm Iafm@NETIc pIgRgnetic di sk
in which a magnetic layer is provided on a glass substrate is used,

and magfrshiicalrigeldl di ng information is recorded in or read froma
nagnetiﬁg%?yer using a magnetic head (DFH (Dynam c Flying Hei ght)
head) is slightly floated on a surface of the magnetic disk

surface. Eﬂ%@re%&lﬁ%(z fon! rilafdd! haPh¥iHd a?%ﬁhﬁ%fu%g?i Cg %s?bl%fﬂg for magnetic

magneti c dIS cause the gl ass substrate or me
as congakedd handhdefodhlanofastubiag halss éxaisttmeﬁumnagmlbrd@ce) and the

i ke. EOOOS] The magnetic head includes, for exanple, a
magnet [Badkgsiuadl dntle ef fect el ement, but such a magnetic head may
cause ﬁykﬁfrnal asperity trouble as its specific trouble. The thermal
asperi ouble is a trouble in which when a magneti c head passes

over a m CrORiEdn@g Ul Rdrli YiiskNARR eSHE (1aD8) ¢ 1n@01?f@ﬂl’f@ G kv ter or a DVD

floating and flying, a magnetic resistance effect element is h ed

by adi éhgfitet Veroare &xsd)oacoding @ppaatus of oader fo eusi dga.a Paacklaty, on the hard disk
Thus, for avoiding the thermal asperity trouble, the glass substrate

for magREes Used 4k ansapaERey sechs ag Hhe matebalk ﬁ%@n@ir epFeRuterebased i paidability, a

the Su'i‘r{a%ﬁ?ﬂg ?‘ﬂﬁ HQ% qn%%nl%sg?%%r 15 pTovmeeidp(;n[ 8@%%? sult)s‘?ra?e %fuseg' and magnetic

gl ass su € are

conventiQpghg Eﬁﬁbﬂﬂéhcfn% rBRNEEREL S R fdnd ReBigneli@ssyef ALiAs Iahgﬁ-ts}; hefd (DFH
vertical direct press nethod is known. This press nethod is a nethod

i n whi Byzanhigibyiof Hedht)dread) thetsis skelthydlaabtdoonaa $uwiaee oﬂihg meagneti¢ diek burfgee. A
i o1 8 UGBRE e B it 2 CHESBONEERGH. maETsir (58 DSTe R RO PRoHHe hardly
lunp Otplagﬁ‘l:zh@rhe%rﬁﬁa ag Q&!ﬂb&'@d to a metallic substrate (aluminum substrate) and the like.

(0003}

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

[0004]

As a conventional method for manufacturing a sheet glass (glass blank), a vertical direct
press method is known. This press method is a method in which a lump of molten glass is fed
onto a lower die, and the lump of molten glass (molten glass lump) is press-formed using an upper

die. In the vertical direct press method, a period of time until the lump of molten glass (molten
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glass lunp) is pressed after being supplied to the lower die is |ong,

and therefore when the surface roughness of the lower die is

i nproved, the nolten glass lunp is fused to the lower die (i.e. a

state in which the lower die is in contact with the nolten glass |unp

at a highss vempes ptessed dfier beinf eugplict ne thenloavee divlik ddngy endiereddre G TBe surface
and the surface thereof is oxidized, so that the glass is seized).

Accor df essjof thenlewpe fic; 1z NP ed che molen shast e 18 desed tatheyloper flis (i.e. a state

. i al h f I BN .
(bor onthipieidhs PuPuthic B 6308, Vihahs Biusft B Mpal enBiePpfanRor o long ime
pr evenid AGutnddtiveahifier ioBeutbll SR hB&urRdd BRredt 36 SxidR, IS it eRdehe LhRized).
| ower die and cannot be renoved. In this way, the nold rel ease

char act®errdingty, dh thheregiab slitbttapiess siciody genkralipeisenccesdaey shat faameldtelease

t he gl ass géan obt ai ned b g{ SS forntnqbis roj ected because
parti cHELTE SEfk Aoy X @PREs WP Fitrigplebe aftachied dotthe deve. divrhedorehand for

even t : C ) face t.he dje
oL PR UL, SHAE SR, S T8I A5 Rks hpf] S v
| ar ge osher@d! ol ihés why, AghedidpelehiccdRtncelistiof 18 lgthst BlaBR$EscBe8! | Bbwever, the
[ 0005] After press form ng, a shape processing process of

cut t i ngurdacg| efsthe glasa lblankorlyjained by gresniormingcis rediested deprsé partistbsfarthe mold
form ng,t he gl ass bl ank ,oht ai ned ress form into a di sk-shape .
gl ass gﬂﬁasgf: rrgeft@?&ﬁ%? A ﬂgﬁg EBPrSE)eSEI%H ,evgnr{é?‘?%ldﬁ’gsﬁuﬁtﬁc%r eSér‘?q.l t(pw %Prmmg
a neth i Ri.ng ;. I y, . sGr-i hi }

s et forae e el hroSom 0 SitfacCei Aleslor AOBIIEHRRE PUIRAT Bilowing to
case Wieratatine muidlacd thomghivekaseohatetigl. gl ass bl ank is large, the

bl ade may be bounded, and the gl ass bl ank nay be broken when cutting
IS per{%%ﬁ%d because a cutting |line my not be formed as a conti nuous

circular lineg, That i in the case where the surface roughne f

the gl ass bl g‘ﬁﬁr iP5*5P alt%agl,ngt i‘(ilesekwjgllﬁo%elss}g% rBY Ry qfscuﬁfél&é‘e ,assaﬁffmf‘) along two
ther ef gpeechitR ARIEOH P¥fsRlel bfoR FofiRRB e Rt MRLAY %gtahﬂ:dal%)rr?%s forming into a
production process. Therefore, in thée case where the surtface

r oughnéssk-sbipadhgasgyl abstrask.ankori apapgeessinpe anmethod wiigng careadrileodnirhdthod by
i s enployed; however, a circularity_and/or concentricity which is as

hi gh asoiamg inemeloyed dgenetatotheyaetion by astbmgds tstten wcieny pbscylarity and/or

circul i . At i i di-ngl t.he vertigcal
G 1 oot SolcekuRG, @R iAo e Wil Filehnode 8 Ml pland Rbe T 68tc may
r oughnes SoiisdddOante theOMbRbIdrk @by 86 heskeR AW HdnChiREngOfs JhRrii®d HedaBiceRRiting line
material, has a limtation in enhancing outer shape accuracy such as

ci r cul aaytnpt bhiforeed g @rdongmepuicghulpr Bhel. That ishen therchsecaherdithieenfape esghness
met hod, .pr essi an be perfar wi.f.houyt attachi th | d rel ease _ .
ot or 1+ 87 oo Rta i Br e HeaiEd & SPRORS et ng Ragromre BeyAfgod Prgeribing
f_or SCEéerOPg)e' énﬁi?f/éﬁgn 'anltngsss ofi@&ﬁ)nf OH&Q. ' ﬁ‘hérgﬁ)r ,piBe e?a@e v&"&e the surface
since particles of 'the nold release nmaterial are at'tached on a

sur f aceodghnemdofl thet glass| blask idilege, Cthe auéthsd tayingndl/core 6QINGERIplGiclY hb%ever, a
deteriorated as well when the glass blank is conpletely cut. [0006]
From t FECYludixpaidfar epaseripisd wildyis, asPaigbris thafc ofreeribing ¢hunst dsexchiched due to

die i tical .di is f L h | bl ank aft.
or esei Ryt RiriaRsorT SR A0 DhoaR FRET Mo Tillo; SR TREY: s TEbeRediEst pros
by scriimg) ihavifg a 3158188k hiN8e AVRF &rfa%'g%%%sl?g_ REmBd bufife B9 attached

nmin a concentric-circle shape, and other regiohs having a center

| i ne apattialye of thegimokbclddac ofatetl hak m lonitationein Ghasdeg ettt yhape abdurfy such as
l'ines for shape processing_in first and second regions can be stably

f or med Cirggattaphide seguragr € dgh piald-ngnddeevardcal hirech presmimgshory nrewsingegan be
can be - rel haracterij,stic of. the .gl ass bl ank
1 ng PRl R bRRAR dle HEAFRIEE IREAE ¥ Lvhe s 1 i Dl thar o
l'ine avgkiageine Fogbndes Rafofthed 0a Bl BRAGI (f Bkalpb¥ed¥, hRUSe particles of the

mold release material are attached on a surface formed in the lower die, circularity and/or

concentricity is deteriorated as well when the glass blank is completely cut.
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A die used in vertical direct press nmethod does not control a contour

of a nolten glass drawn by pressing, and therefore a glass bl ank

obt ai ned by pressing has a low circularity. Thus, the central

position of the cutting Iime of a scribe cutter cannot be determ ned
based ¢POUche outer shape of the glass blank. Accordingly, in the

press form n% met hod, descri bed_in Patent Docunent 1, a nmechanismis )
requi red for FERR dharvishinging Kesceibag rhpve datant Hlocumenthk disglosesniaal pée o vertical

t he scr;i t first d cutting,region WO . .
o coc R P AT Sl B0 SRR B RO o e esons
cont r Ol(lelidis a0 RN Bk s@f‘ibﬂxg}’fﬁhﬁﬁ% a0t AR 1ﬂfeafwara%§ Bh SRR HaldF 0.1% 40&m in a
used in vertical direct press, there is the problemthat the nolten

gl ass eerdentricecitdeshapheandi ahdroegienskivimgla center line dwerddeeopglesss Roofil®@nm or
met hod descr{zlbed i n_Pat ent Pocu nt 1, regioons of the form ng surface
ot her {HA&R t HOEEINT FeSPERIG 106 Shancsrroeseing ae b apd grems Thgions pan be stably

i ncrea 0 ] } : i . t part. of

e oeithcoto FRELOSSEA. RRRRLAM, WA IO, S B3R Ok e ot
sur f acecless ghnasBristioethE glass bibfledirai Yot Wrinb QYRG! Y 1H6HHS ¥F WNns having
grinding and polishing processes is increased, |eading to not only an

i ncr eagecentgr fige averpgerdyghness £ efckiifrire e enwt (laivkiyngugh f@@8). Generally, for
Accordingly,. an object of the present invention is to provide a

et hod PROPT BB QP REEaF G *gnelbel BBk ¢ PO IOR Dheg ReE PETEh Giler fsiserpmploved.
is cap 5 | = I iRk I.SC
e L R e e b L
or pol i[Ghatign tikg princi pal face of the glass blank. [Solution to

Pr obl en} [ 0010] In view of the above-described probl ens, the

pr esentP#eRiddtesrtarchave i nt ensivel y conducted studies, and resultantly
devi sef &7 ovel press formng nethod. That is, in a nethod for

manuf a Qur' ng a gl ass blank according to this enbodi nent, a

hori zomppi jydirect press nethod is enployed in which a falling nolten
glass lunp is press-forned using a pair of dies (press form ng dies)
arranged so &stetioDé@ueneachpatdePatent laaidiopacPulditatiort Nogzial260662 he
falling.directign of the nolten glass lunp. In the horizontal direct
press meYRBEY Udiysdiothe conventional vertical direct press nethod,

t he nol is not tenporarily retained in contact with a
menber [ﬁ%@flﬁéﬁ%%?fg#ggrature | ower than that of the nolten glass |unp

over a[pmwgijod of tine until it is press-formed. Thus, at the tine

point inmediately before press formng is started, the viscosity

di st ri but i onAofietused iimverticalr dipdet phess mpdthahdogsass doutpl beoatnes ol @myolten glass

i de duri f ' i.h th tical di t . t hod, .
e g eSS ek ke s Bt bl B S b vy Thus,
even i pd Aeyhp 63%!@(3{ &t thdi LB E%gﬁﬁagéﬁﬁ@b&te? %B?‘fé)'t B oterRGE8 taE ALY the outer
in the horizontal direct press nethod, 1t Is extrenely easy to

uni f or shapetdfitid ylackmid. heAorotdigily,gh @sSprestdrhidgbeethé E8&cHvdd P a8%t Document
conpared to the vertical direct press nmethod. Consequently, as _
conpar dd 2tBeqhRBispaisaeqHeadefos dgteamining diekcdngrappegithered! twi aigtinghéne of the scribe

& tppr o SRR R EA Pilting FedihsclV ERe T LS Shehd LS Gmedon the
usi ng tgth@s BRhkZ onhRh déhfr@l@ihg R &nfoiRiF Q%olt%]lpgl%gs] drawgrbgs}%re%:%&?g:nﬂﬁ%]etd?@ used in

present i nventors have conceived that in the novel

met hod veeisel ditretiprin there ishiee probleenthal ths sdltenglassepile vante thefdiomm Heakngd.
fused to the_die by perform ng press fon-ning while controlling the _
tenperature &t tiniregy dorgyng magthed, descahprd imtPgteat dlocomentdi ereginngrofathe forming

peri od i i h ten gl ass, | i S separated fromt di e. .

after g'glfr% ctr?gdﬁ!‘?erg '# %énc%ﬂ%ea%{g% %nﬁmtg’%g _afﬁlsteef,nﬂi%gcoé@lf Sglg?%m&}?tq?edﬁgleaieﬁ S?f Gsiness m

gl ass télansid ilRMmela] Md thEdest PAatofi the phihcip@srabeep dfcoptee-fohata kst BBink has 2
large surface roughness. Therefore, the machining allowance in subsequent grinding and polishing

processes is increased, leading to not only an increase in tact time but also occurrence of cracking.
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[ 0013] In the nmethod for manufacturing a glass substrate for
magnetic di sk, preferably the arithnmetic nmean roughness (Ra) of the

contact surface that is in contact with the nolten glass in the pair

of dies may be 0.5 lamor |ess. [0014] In the form ng process,

the fafdooey |unp of nolten glass may be press-fornmed in a direction

orthogonal to the falling direction using a pair of dies. [0015]

I n the form Agedioglsen obicelsd thoprekeny imeptitreisge pfoidea mstotfat nmllma'-‘acturing a

tenperature_of a portion of the.di.e, L ch,.contacts the nolten gl ass,

s | def a?%%}bs{s%t?vtﬁfewaﬂ%‘%'éﬁ% WBichs égp\.g%ﬁ%fl Pe-Processinga pifes-LHapR £1oss blank
roces : : . : Py

Format [ s P i ko by B KR8 ey 70 St 2ARIRE oy polishing the

shape prindpsShaepiphi©glasshlark. pressing force applied to a cutting |line

for the outer shape for-nation is nmade higher than a pressing force

appl i efbaleicn edreblg@l | i ne for the inner hole formation. [Advantageous
EffectﬁxﬂB]lnvention] [ 0018]

In view of the above-described problems, the present inventors have intensively conducted
studies, and resultantly devised a novel press forming method. That is, in a method for
manufacturing a glass blank according to this embodiment, a horizontal direct press method is
employed in which a falling molten glass lump is press-formed using a pair of dies (press forming
dies) arranged so as to face each other in a direction orthogonal to the falling direction of the molten
glass lump. In the horizontal direct press method, unlike the conventional vertical direct press
method, the molten glass Iump is not temporarily retained in contact with a member having a
temperature lower than that of the molten glass lump over a period of time until it is press-formed.
Thus, at the time point immediately before press forming is started, the viscosity distribution of the
interior of the molten glass lump becomes very wide during press forming in the vertical direct
press method, whereas the viscosity distribution of the molten glass lump is kept even in the
horizontal direct press of this embodiment. Accordingly, in the horizontal direct press method, it
is extremely easy to uniformly thinly draw the molten glass lump to be press-formed as compared
to the vertical direct press method. Consequently, as compared to the case where a glass blank is
prepared using the vertical direct press method, it is extremely easy to drastically suppress
deterioration of the flatness when a glass blank is prepared using the horizontal direct press method.
[0011]

Further the present inventors have conceived that in the novel press forming method
described above, the molten glass lump is prevented from being fused to the die by performing
press forming while controlling the temperature of the die so that the temperature of the die, over a
period of time until the molten glass lump is separated from the die after coming into contact with
the die, is equal to or lower than a glass transition point (Tg). That is, it has been found that in the
novel press forming method described above, the molten glass lump can be prevented from being
fused to the die by performing the above-described temperature control, owing also to the molten

glass being not in contact with at least one of the dies for a long time. Accordingly, the surface
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According to the present invention, a press-forned glass blank can be
shape-processed into a disc shape with good accuracy while securing a

hi gh yield w thout grinding or polishing the principal face of the

gl ass blank. [Brief Description of Draw ngs] [0019] FIG 1is

a per spaghihess ofitkevdid ¢anshea décreagediminex itas mat nsde&{my &dr aang)ﬂchséease material to be
substrate for gnetlc di sk of an enbodi nen 2 1s ayview

i |1 ust AAghad wathrthgdieder Brseertgdamdsingdpsey. rréfpﬁ%fau?rﬁIy, Ib&rsmfa%q igpEhigss of the
the gl lsa§s ﬁwgﬂtgtn%dBgtc}beg&gsgtéﬁﬁmglcg&bgé cr@a%ec?nb()dl ment. FIG 31is a

pl an v ew Of ~an appar Fe s T orm ng of the enbodi nent.

FIG 4 igoia)viewi I I ustrating an exarrpl e of press form ng of the

enbodi nent . FIG 5is aviewillustrating a nodification of

press fonfingroof thheviewbodt mestribedi slgpva, glob present mgvediien may be aFn@hod for
[ [ illustratin dlflcatl n. of form ng. of the

2%35%@&@\%.%%& S&:‘g%"f%f%gor&i‘ﬂ&leﬁ“‘s %Igéépc udes: a forppigg prpcgsg of forming a
I )
(g SASHER R bl b A5, BByl of 08 SRR B yocssing

is a V;pﬁWess| dfustforrhingGit dasexangt ien@thob ﬁﬂﬁbﬁl(ﬁ%hﬁl@ké%&}b@foﬁmuﬁ@ﬂfdr%nnmg a
press tormng of the enbodi nent FIG 9is aviewillustrating

an exadjskeshapedaglassasubsithigusst forguingiat cutieg Ene eoolhe myincipak dadenofpthesgass blank,
Fonti n?ol?owedhlze)'\ ?grn(})\x%gé qﬁg tcuttl[ng hnef toD}:?e?Porﬁlnpéultt?rrJg, O\Ifhe[r)ézg\/\lnn ntgg ]fcn[mmg p]rocess, press
forming is performed while the temperature of the pair of dies, over a period of time until a molten
glass is separated from the die after coming into contact with the die, is set at a temperature lower
than a glass transition point (Tg) and a mold release material is not attached to the surfaces of the
pair of dies.
[0013]

In the method for manufacturing a glass substrate for magnetic disk, preferably the
arithmetic mean roughness (Ra) of the contact surface that is in contact with the molten glass in the
pair of dies may be 0.5 um or less.

[0014]

[n the forming process, the falling lump of molten glass may be press-formed in a direction
orthogonal to the falling direction using a pair of dies.
[0015]

In the forming process, press forming may be performed so that the temperature of a
portion of the die, which contacts the molten glass, is identical between the pair of dies.
[0016]

In the shape processing process, an inner hole formation and an outer shape formation may
be performed at the same time.
[0017]

In the shape processing process, a pressing force applied to a cutting line for the outer
shape formation is made higher than a pressing force applied to a cutting line for the inner hole
formation.

[Advantageous Effects of Invention]



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

met hod for manufacturing a glass substrate for magnetic disk in this
enbodi nent will be described in detail below [0021] [d ass substrate
for magnetic disk] As illustrated in FIG 1, a glass substrate

for mafie8]c disk 1 in this enbodinment is a disk-shaped thin glass
substrate. The size of the glass substrate for magnetic disk is not
limted but fegordingfpihe presegl ayentivnbs preat-Brined ghagblank eandhesthapapiosgssad into

inal di aneter .of 2.5 jnches j. i.table . In the of . the gl
Cunst r el TPbRagene af SRRy e s& b8 ien et i e RpuGling the

for expgAmlifal thdeeront ghssiiaeter is 65 nm the dianeter of a central
hole (Inner hole) 2 is 20 mm and the thickness Tis 0.6 to 1.0 mm

The f| fmetSBesaofiptiduenfdawaigshl face of the glass substrate for
magnetic di sk of the enbodinent is, for exanple, 4 kimor |ess, and
the sub4%4ek roughness (arithnetic nmean roughness Ra) of the principal

face is, for I rimor.less. It is to.be noted that th .
f1 at ness reqﬁﬁggp f EJF rsgeélﬁ;gs r“éfllé’lsﬁ%trmgrr%{b%?m@ TR 014 lasy ?uﬁgﬁrate Yor magnetic
pr oducCHisk $f afd @bk €, 4 pmor |ess. [0022] Al um nosilicate

gl ass, soda-line glass, borosilicate glass or the |like can be used as

a material oflG Bes glvass ildushstingt dlofvorf evegmeiddimelitsi aimethtd $or manufacturing the
enbodi nent. Particularly, the_alumngsilicate glass can be suitably

used iﬁ%Ws%ﬁ%mrdﬁqﬁg%ﬁwgﬁé%mbﬁgiw be performed, and a gl ass
Substrate f i i I t o La: . of e i;ncl pal

ace and st roben Splf g SR RN ok Dl HBOERTR0 b GBI, o

above descri bEs 4G4 aspwnilugFdiak aﬁ&)(az’ﬂﬁle@f@fe@é abhning@emnp babsdigleass for
obt ai ning extrenely | ow surface roughness. Accordingly, the above

descri bed gl BYs Sriae eiavaillusigiinge medifieatin) of pagss fpinong obthawinbodindnt ntieg a gob
gl ass ffrom ad.vi ew poi nt of both strength and | ow surface roughness.
[ 0023] POMMNE A€The conposition of the glass substrate for magnetic

di sk of thi sprirgqdLRRAL 118 4 I8l GriolP B peler ifef in whi
this enbodinent is pref %ar ag%ﬁgrraglghg% écr)mr p%ous Ogjflu %r%}g{%)%%%%@eg 155‘%}1&}13
havi ngcatiagopio & riat aged. ncl uding 50 to 75% of Si02, 1 to 15% of Al 203,
5to 35%in total of at |east one conponent selected fromLi20, Na20

and K20, 0 tBlQ@Jwianviewtilpstafingne medifeatimeoigpisoeningsd] the paliodimsni using an
MO, - Ba nd ZnO and. 0 to 10%in total of at |east one
corrpoﬁgﬁfcagéﬁg%scl%eeagdﬁ’ryoarﬁo%%‘?? 8% La203, Y203, Ta205, Nb205 and
H 02 in an oicle-i9asedy aaRuahs MeexR)ee8 8 dedttxiRlsHe uhP04 i ing of
The gl ass substrate according to t)ﬁggﬂ{or esent enbodi rr%nt may 1lrolepr$rsgc§8mmgo
of anothelemimdahenti nosi | i cate gl ass having the follow ng conposition.
d ass materiﬁ i ncludi ng,, as .a glass conposjtion expressed in nol% )
G. 9 is a view 1llustrating an example of a heat exhausting unit (water-cooling) used in
press forming of the embodiment.
[Brief Description of Drawings]
[0020]

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

[0021]
[Glass substrate for magnetic disk]
As 1llustrated in FIG 1, a glass substrate for magnetic disk 1 in this embodiment is a

disk-shaped thin glass substrate. The size of the glass substrate for magnetic disk is not limited

but for example, a glass substrate for magnetic disk having a nominal diameter of 2.5 inches is
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56 to 75% of Si02, Ito 11% of Al 203, nore than 0% and 4% or |ess of

Li 20, 1% or nore and |l ess than 15% of Na20, and 0% or nore and | ess
than 3% of K20, and is substantially free of BaQ a total

content of alkali metal oxides selected fromthe group consisting of

Li 20, Beible. and th caseofithe glasasylstaie Brimaghty dsknplveng ¢ abinmadidiameter of 2.5

Soﬂéfgﬁnc %ﬁe %fzegﬂﬁrtnil S IR BIoRSD00 The TR iUk alp Buairdigle) 2 is 20
met al %k(nleészp N6 O If%%x{m | §hQ- ﬂ%Fhng Oiijtﬁ? ?gzr}]cx{a?]l face oftht gfa"é’g substrate

cont ent of aI I ne- earth met al- oxi des sel ecte e group

consi Sifdrrkga@jetlb@t&k 6B e anBoddent &, iféy exahgel @in 3P 1ds IV heasut@éakoughness
content of MO and CaOis in a range of 10 to 30% a nol ar

rati o OfrithiRetie arean reushnesstRyfofNpopanepddere 5, fhieexampl, Ocormentlest {the to be

oo n6ied B g s PR b (%ggﬁfﬁﬁoﬁﬁlﬁﬁ%ﬂ TEHR a0k HigaCorget sdor example, 4

al kal i ng; &aedsh metal oxides is in a range of 20 to 40%
[0022]

Aluminosilicate glass, soda-lime glass, borosilicate glass or the like can be used as a
material of the glass substrate for magnetic disk in this embodiment. Particularly, the
aluminosilicate glass can be suitably used in that chemically strengthening can be performed, and a
glass substrate for magnetic disk excellent in flatness of the principal face and strength of the
substrate can be prepared. Furthermore, the above described glass material may be preferably
amorphous glass for obtaining extremely low surface roughness. Accordingly, the above
described glass material may be preferably amorphous aluminosilicate glass from a view point of
both strength and low surface roughness.

[0023]

The composition of the glass substrate for magnetic disk of this embodiment is not limited,
but the glass substrate of this embodiment is preferably made of amorphous aluminosilicate glass
having a composition including 50 to 75% of SiO,, 1 to 15% of Al; O3, 5 to 35% in total of at least
one component selected from Li,O, Na,O and K;0, 0 to 20% in total of at least one component
selected from MgQO, Ca0O, SrO, BaO and ZnO and 0 to 10% in total of at least one component
selected from ZrO,, TiO;, La;0s, Y205, TaxOs, Nb,Os and HfO, in an oxide-based conversion
expressed in mol% .

[0024]

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

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

56 to 75% of Si0,,

1 to 11% of Al,Os,

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

1% or more and less than 15% of Na,O, and
7



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

oxi des {(My0O+CaO+Li 20)/ (Li 20+Na20+K20+My0+Ca0+Sr0)} is 0.50 or nore;
a total content of oxides selected fromthe group consisting of Zr02,
Ti @2, Y203, msammoreamomssmmmofa@w Ta@ Bsubstantizile fteeaii Bah and 10% or

| ess; and lar ratio of the total content of the OX|des to
a cont ent ofamtaiﬁent{f(xtﬁf@élﬁﬁl metal aodes selegisd Sronythe FHupyasivan) LA Az, and
is O. 488 r%n ﬁ{9@62%] 504 The gl ass substrate according to the
presen ]b ‘anmor phous al um nosi licate gl ass haying the

fol | owi ng coma@ml E‘étﬁfbfacﬂoﬂfeﬁt BFELSOIt@h chMeAUHTNKO (BSOS B ISless than 0.50;
conposition expressed in nmol% 50 to 75% of Si02, 0 to 5% of Al 203, 0

to 3% of Li 20 ,mglat gatEoodfa Zn@ens of cKAB%ei thet otadl canntenlt\laﬁbtlmnaﬂkmonetam oxides
to 35% ) MokPhBinSIo NER)y B3 or fs; 2N BAO, and

a total content of alkaline-earth metal oxides selected from the group consisting of MgQ,
Ca0, and Sr0 is in a range of 10 to 30%;

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

a molar ratio of the total content of MgO and CaO to the total content of the alkaline-earth
metal oxides {(MgO+Ca0)/(MgO+CaO+Sr0)} is 0.86 or more;

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

a molar ratio of a total content of MgO, CaQ, and Li;O to the total content of the alkali
metal oxides and the alkaline-earth metal oxides
{(MgO+Ca0+Li,0)/(Li,0+Na,O+K,0+MgO+Ca0+Sr0)} is 0.50 or more;

a total content of oxides selected from the group consisting of ZrO,, TiO,, Y,0;, Lay0s,
Gdy 03, NbyOs, and Ta,0s5 is more than 0% and 10% or less; and

a molar ratio of the total content of the oxides to a content of Al,O5 {(ZrOx+TiO;+ Y,05+
Lay03+Gdr03+NbyOs+TayOs)/Aly 045} is 0.40 or more.

[0025]

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

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

50 to 75% of Si0»,

0 to 5% of AlLOs,

0 to 3% of Li»0,

0 to 5% of ZnO,

3 to 15% in total of Na,O and K,0,

14 to 35% in total of MgO, Ca0O, SrO, and BaO, and

2 to 9% in total of ZrO,, TiOy, Lay0s, Y203, YbaO; TaxOs, NbyOs and HfO,,

a molar ratio [(MgO+CaQ)/(MgO+CaO+SrO+Ba0)] is in a range of 0.8 to 1, and
8



2 to 9% in total of Zr02, Ti02, La203, Y203, Yb203 Ta203, Nb203 and
Hf 02, a nolar ratio [ (M0+Ca0)/(MO+Ca0+Sr0+Ba0)] is in a range of
0.8 to 1, and 8 a nolar ratio [Al 203/ (M0+Ca0)] is in a range of O
to 0.30. [0026] [Method for manufacturing glass substrate for

magnet i ¢ di sknmofareafmodili@AigO+Ca0)] iNeet range 61 v ®30.a net hod f or
manuf acturing a gl ass substrate for magnetic disk will be described
with r8®Pknce to FIG 2. FIG 2 is a viewillustrating a flow of one

enbodi nent o I S

oot e W BE I TR S SRR e SR SR b,

manuf act uri ngeg, @l BsH ofUbekthal Gof Manfienahs @ Shsksubirdt@ifs: SEBRMUCTEREE will be
first a disk- shaped gl ass blank is prepared by press formng (Step

S10) . Hesctibed mithfrefenrme gd 486 bl aflki 2sis sicvipwalustmtipg epdove od one embodiment of a
di sk- shape | ass substr at Step S20 Next he scribed gl ass

subst r 8% g“’%ggg%fl £¢anE 3 gﬁaﬁéﬁésgr%%‘a@r%tl% éﬁg'rrf ering processing)

(Step S30).

& 1iwed abr st argeaf (PFRT2, SR PR BahRe s e Bl Do iR disk
subst r & gid eanpRlimhenntEekt @ JiskshSSd) glad¥dtdnk ik PRoppied bgippes fhatiag @teﬂ) B&0). Next,

gl ass substrate is subjected to first polishing (Step S60). Next, the
gl ass &epormed elasabtaek 1§ serdredgo|prefarng dlsrksshemq elerseﬁlbmat@ [§8tep SQ0).y Next, the

ubst T AP Etest 5y BRrigs PapSRRbRdEY PR e S aatfrosenr gy FyBE 850 Nex
substr ‘ﬁ{ee%ltsa%r ﬁ@tlé Qutgé(?t&i T gﬁ’@&l ﬁk@ﬂﬁtahﬁﬁ?&glﬁbﬁaﬁﬁe gﬂﬁ’?{ ?St%t? @GEBH S Aext, edge

Each proc be descri bed tar bel ow. [ 002 ess
For m ngoRhigess tI(eSgﬁss SitBjrate is perfoEn@cB'(SteIﬁ S 0pr e‘ées;tf ﬂmerpmg:lmi daessf the glass
will be described with reference to FIG 3. FIG 3 is a plan view of

an appavestrate i sehiegted torfastpofishing hgfer R0} | H%t g glassi Sﬁb#ra@ afjer figgt polishing, is

appar at 0l.in ude four sets of s, 120, ,130 40

B 2 oiiptRhgo LAy HereRiliel (5P i Dhe MRt (d: el S dheped gl
FIG 2)ubsthR Glub je@ﬂ:dttﬂ'stecc;rﬁlopél%hﬁfgo(\@t%e%@f‘ Fhe zﬂs %ﬁbs@raﬁ@fd&ﬂa@eﬁé%sk is
that flows out froma nolten gl ass outfl ow port In the apparatus
101, aobtameddhronpl thembglapecdshes ei nafter, al so referred to as a gob)

cut by the cutting unit_ 160 is_c o fall down, and the lunp is
pressed from%mwogregelli*rdrwebr g {%f’é?\rr of the lunp while the

| unp 'T(ﬁf?:j'dw ched between surfaces of a pair of dies facing each

ot her, ? ereby form ng the glass bl ank.

(a) Press Forming Process (Step S10)

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

Specifically, as illustrated in FIG. 4, in the apparatus 101, the four sets of press units 120,
130, 140, and 150 are provided at intervals of 90 degrees around the molten glass outflow port 111.
[0028]

Each of the press units 120, 130, 140, and 150 is driven by a moving mechanism (not

illustrated) so as to be able to proceed and retreat with respect to the molten glass outflow port 111.
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Specifically, as illustrated in FIG 4, in the apparatus 1W the four
sets of press units 120, 130, 140, and 150 are provided at intervals

of 90 degrees around the nolten glass outflow port 111. [0028]

Each of the press units 120, 130, 140, and 150 is driven by a noving
mechanThanig, reath of thu prasatigity 1290 12@, 140, Hel EHlol an be nyved detveand chrh pestion and a
W th respect to the nolten glass outflow port Ill. That is, each of
t he prEdgaipasitiong odhe ¢afoh pasiigon @asitionin whish e pressemitldOviediawa byaa woid line in

posi ti d eat posiktion. The catch, positjon Lti i .
it ch PR s 30 FRhsBRRY b8y MaTmERGE BBl aORPIRA 57Re efhrear position
| ocat ethossrsli@iich el R¥stiigs bl €50, 3hasiSookt fkAw BPLbIid Lites df€a position in
retreat position (positions in which the press units” 120, 130, ang

150 ar whibhdhepieys wotsi 1d0lis dmsndrych mopaslind iorFIGn3 Mk lcchtet herap freasthe midlen glass
140 is drawn by a broken line in FIG 3) is |located away fromthe
nDItenoﬂW8§§x6%Uﬂlom1port 111. [0029] The cutting unit 160 is
providﬁﬁugr a path of the nolten glass between the catch position
(positfon tn which the gob is captured by the press unit) and the

nol t en gl assTeatdtiaxvupi@n 60 Isldrovitdee ol pdthef tid tholkéalh@r fchSedn e IcHIOR position
of nolten glass by cutting a proper quantity of the nolten gl ass

f | owi ngpositionfipovhich harpdlt encagivaed by ubd breas poitk arkil the Mbleencgingsi mygflowiort 111.
160 ingludes a pai f cuttin ades 161 and 162. The cutting bl ades

Tor andid 5t ubibo Brmdhe M oRiEn abest o8 Henitaainacoes Aoty BEpR reion glass
t he no e n I :
162 1 ntormio BoapheEh Y bifoRthorl 10, THE bk B 150 BAARcl Bhaf i cuting
The obbhdeeblgod f6al | Thelouwing disdesl] 6 1hahdcBi2cdie Pgdit 40013 .to [AESEY: each other on the
The press unit 120 includes a first die 121, a second die 122, a

first sathwfibe melten ghrss ahepnstagetiging. drWhemie paitinglidades B4 lind f162 Hatersect each
first die 1 and the second di.e 2 i | at e- sha er

et uaP g S o s 36 o0 it ent. pPER S EisPRERE S SR e the cateh
The fipsditigH e 121 and the second die 122 are di sposed such that

normal “directions of the surfaces become substantially horizontal,

and suf®3bhat the surfaces becone parallel to each other. The first
driving unit_123 causes the first die 121 to proceed and retreat with

respect to thaeBEsoHt Hbinghies ofirgt die bilneseepddiic { b adasiofeying it 435 and a

et i 2 treat w.th
respectoril ft Uy T3P0 et ST lP YT AGRG FEIMIGRS Y Hoa pipgrsbapes
the segffbeflfcliditg dBirfack2ded RS tBe PREHBHSIB FRHME IS Mihet 18t die 121 and

surface of the first driving unit 123 and the surface of the second
dri vi nthewsscendidi4 1238 dye disppied| spchtloal giormaell diseetivns efitk sotfhess, bebame substantially

cor | BTy BRL i e Surtaces Vepgrad hamiiehlo Sioh Rihelr oo hoRrg HE et 123
units gﬁges &%Oﬁrs@@i l%ctogfr&e%ﬂ %h qétréflg 6‘;1&?.%6&& %chﬁlf%gﬁﬁi (Eﬁ@'lhg%g%n the other

the descriptions of the press units and are om

[ 0031] hand, the secéid @iviegahit 128 Saudeitiie YR 0 2076 pedfeed alDEdtlehtORith kdtPect to
faIIinglgob i s sandwi ched between the first die and the second die by

dri vi nghet st flier AL. dBagh 06 thnfiest dnginghenis 8one dre secomyl driving uaitd] Mniscludes a

gob is formed i.nto a predetermned.thickness. whil e, rapi copl ed, ..

P her eoyreprana FitauTad PERR G AEC Fis ShERERT 28 and bEBptadhstge Sond driving
uni t mayes ok Qotierdpfiiy 2AbudhPidsk 9 eal N BiHel " B HhfpRNY SHORAwAl i
are sepératedoto g%us% tﬁgﬁforned 5?assI%Fan eG tg fafﬁaﬁgmﬁg-ﬁ ?ﬂ#@tmlaﬂ
conveyeylintiéd or msdendhandcomikbypeing bvcomsbihdd.rd conveyer 173, and a

fourth conveyer 174 are provi ded below the retreat Bosipiqns of the

press units Bowuse Big strpgigres phdhe press wasped: i 4@ 1apd 158 @Fe Ymileho that af the press
to fourt, eyer 7 174 recei e al.ass blank G falling down
fromt %@é%ggﬁ%%%ﬁ%ﬁﬁﬁ%Biggénﬁﬁﬁpﬁs;%g1%ﬁ€ﬁl&%@é@%ﬁm%%HVeys t he gl ass

bl ank f3@39)an apparatus (not illustrated) of the next process.

Afier each press unit moves to the catch position, the falling gob is sandwiched between

the first die and the second die by driving the first driving unit and the second driving unit, and the
10



[ 0032] The apparatus 101 is configured such that the press

units 120, 130, 140, and 150 sequentially nove to the catch position

and nove to the retreat position while the gob is sandw ched, so that

the glass blank G can continuously be forned without waiting for the

cool i ngobfis fdreedlia®sa IpkaieterGined thmkiesprvdsl: tapidly cbfl6@3Ihereby prepaftha drcular
(a) to FIG, 4 %g) nore specifically illustrates press formn

per f or 8E8S Bk K™ Afshradietthepyass upjtanoves (@ fhe rgtrgat\pogifon,) ’fh@.@ﬁt%ﬂq #yl thagecond
t at f i j iew il L
Shate B GESehRRRR%Doh: IREmEL Sei Bl el B Y LWL RAEPR 1 scond

o) ey YL SRR i 3R KT 86 OV bl roren
(a), apnwtioenoftles preanueits 420, B o0 nudusly réspestiselut Ehclowr tthe first to fourth
nolten gl ass aoutfl ort 111. At thi Qint, the cutting unit 160 is,
driven® Vey?fédgﬁ 39 hihExger %‘?@r@awl%é flinagive AOg the GOmEPERHiRE eSS umit, and
usi ng I 6 r ut

nol tenttg ngg% %g%ﬁ@g?gﬁg@gg} gﬁ?&a I%l aég%ner |Si%§tqg%%ra-@?é§@8tn§ma# rg(_'eesg'

sur f acgoo3ensi on thereof Adjustnment of the outflow quantity per tine

of the nolten glass material LG and the driving interval of the

cutting unit Theeppaptusel Gppy spniigured suge rthadr thedpmec onds g0t d38, vé0,upmd 150

determ ned by, the target size and. thickness of the glass hlank . i
[0035] >edentaivy v 258 B GBS Aol Mot e Gl dhea ikat RERBRMR the gob s
first dj a i i -l :
o, AR08 oL MBIl oty o colin
(see FbGhe4lasablnkliG ineraclk peks tiiat the first die 121 and the second

die 122 cone close to each other at the timng the gob GG enters the

gap bel¥Béh the first die 121 and the second die 122. Therefore, as
illustrated Lp-F 4 , 4th ob GG.i.s.captured (caught). bet ween

the T 1ot di N7 Gt FRG 468 ABsaoi S AiEs bERY daintinf Gifioied by the
sur f ac@pdatdids 9b1.t herd ur @) igdh Qieh?; irfth ' ' i
surfacep%a%Za of the sec@nd die lglzléggt}rne%ntglbgghzé Pgﬂogﬁglﬁf%&ﬁgﬁﬁgi El%at () is a
m cro g illasatingghe stbteGE vdacdite ghb ds ined wee thet dugtirignet 160, and FIG. 4 (¢) is a view
circunferential surface . 12la of the first die 121 and the inner

G r cunt BERRRE e Sl BB TpPa oo bldek Sols ience oy PoMEDe B6tred [ nto a
thin-plqﬁg shape. A projection 121b and a projection 122b are

providé i% the first inner circunferential surface 121a of the first

die 121 and nRglleRLEAn FIRY @), £Hioiter gniss lat&idl Tac@nkRdusBf A16W€ out from the
second die 122, respectively, 1n order to keep the gap between the

i nner @iolicngiass ewtlow postutiflac éit 184 poiof, theentfing witit Hileis U8 vermatchreduterinimeelrtiming

5 B s 0BA A Gu FCTE  frir
O 58 PR PERERRHRS o ARG EAILACA Ty gl o

first 121 and”t lnner clircu

second Adijetid# dfsthiapitfioonghatty, pgaithdaf the plodet -SapaMteSlaCE; bid the driving
gener at ed. Press formng is performed using a pair of dies _
121 anéntarypl ofthe guttipg awd %ermmge prroeraely peppenel fasprdingto mvalhing determined

mbodi mrent the out h f bl ank i t tricted
by he e ARt s o AP bR T aed 1 1G4 (0) e

gob st[ﬁngped by cl osed di es does not reach projections 121b and 122b

of the dies. [0036] The tenperatures of the first die 121 and
second di e 17Re arade pelt Gigrields subif tostaedt Iggp between theafivst die 181 asd second die 122 of
transition tenperature TG of the_ nolten glass L. It is not necessar

Lo at t SEPESSHBIA 2Del G4 4ES ainl trearst d5i g Upif 123 aih tbe 36000 dEvinB@IEd2éikese FIG.
die 12%) ialré &J&?enpsru%ﬁ %hgt%lg"ﬁ?sg REQ5F3Rd the second die 122 come close to each other at the
timing the gob Gg enters the gap between the first die 121 and the second die 122. Therefore, as
illustrated in FIG. 4 (c), the gob Gg is captured (caught) between the first die 121 and the second die

122. An inner circumferential surface 121a of the first die 121 and an inner circumferential
11



[ 0037] Since gl ass substrate for magnetic disk of this

enbodi ment is incorporated while being pivotally supported by a

nmetallic spindle having a high thermal expansion coefficient within a
hard di sk as a magnetic disk that is a final product, the thernal
expansg@tace dgbé io€itlentecond de12d aGfe SRS ts 3kdh bBEr WRBNEHIGo Paf KarddSthe gob Gg
preferably as high as that of the spindle. Therefore, the conposition

of t hesadadehed stwea Bef wnemaigermaferentipls kurfase didfla mgdthe ofirshdie 1 e agd dls inner

substrate for netic.djs as a hi her.mal .coeffjcient. . The o

® hor i EnReol BN 1 21005 108 SocBpd oS F e G e bl cishie § & projection
di sk i$31f &fd £ Bn 109 ard R0Y ] i i a1 - 1b)
preferably in gﬁﬁgﬁgg of 56 QBIgﬁ?%1%%d%ﬁg%g%y%ﬁyﬁggﬁé$g%u%%%é%laOfﬂwfkﬁ
pref er diel 2,1 drfdetht becomel| inrerprresinderemnize fshifadeer®2ai of (8O secoh@-d7d K22 regpectively, in
nore. The thermal expansion coefficient is a value calcul ated usin

the |i AEIEF RkeppntdE @ap dsbrdendhe fngr sircqm’@rqgmials@lr&a@d@}@p@theoﬁrsh/éjgrﬂégi and the

di sk f. 10 300C.. A i D

coof 11 BTSROTSPTeRR sfifuck 27 3Rt Yiete o1 o S vk SRS 1 hsmlestigg 121 and
100 X {2 projedQbn RO2Y %ﬁbak%%irﬁ@e@ahsahar, et e®h OME Gab HebE@nBE SR AR LR Rerential
coefficient between the glass substrate and the spindle is Increased.

From t hwefasoil@la of theifew,di¢ éhpexdathaimec omdirtfeomsiabturfabe 122a afithd sscend die 122 is
of the_ principal Eace of %he gl ass bl ank are nmade uniformin the
press FEHEPRGHrOdadS RIFEIaPJISRacE 18 gersr#ed e for nagnetic di sk having

a high ther I fi clent i - e .opne exanple, it .
is prefer ablnglletS %%P%&?ﬂ\eﬁé}%gruging;&ep a%rionf{ﬁrie%ﬁazsl J F ﬁgﬁ ! ﬁg p{%sﬁgge)%?%ngess m
of thepigh@imthg GUNiEERBEdidlens Uhd ALoWEL haBE o iR ElaksShlaflt & ddlre@Pbted by the
the inner circunferential surface 122a of the second die 122 become

subst aphapalafythe dnt iThal is, vhdhstratnpen FIGr4 (Qotter gib stectehed fhor ehessedsbies does not
that the tenperatu bec i.dentical, for exanple, a difference in

t enper 526" B %ctIBP%l{éi’aaﬁﬁfggEOtgle%?s. The difference in tenperature

i's nor E)d@gjaf erably 3C or less, especially preferably 1C or |ess.

G ass having a viscosity in a wide range may be subjected to a press
form ng si ncEhdhamprpatti@l ofties fisngid $2 Ukhd bevedd idie 120 sreeivb@eidn®@fficiently lower
d ass having a high viscosity may be preferably applied. This is

becaus thag thsglassdrappition sempgitiee Faof thegotfenslagek¢.i dgis ROt AReESEREY toegttach a mold

circulanit . her ef.org .obt.ai ned w t.h ass havi arelatively

i g v Pt e B b A A G RERL iRy T Baniss Btuag i Bino

poi se fospre. It shoul d be noted that the viscosity of 2,000 poise

or noré is not preferable due to difficulty in making a thin sheet.

The di f f er enBimcé iglase splestrateufoe thednebe distti @sthissemabatlifbwr BNaeorporated while being
tenperature as neasured using a thernocouple at a point which is

| ocat eBVRIAINFPPRY s by MeBilic spendle baing adieh thermahexpanpen coefficient within a hard

circu ent i - f first. di.e 121 and the ipnher
o Bk a4 Beditic 888 dBoR Sl Bridub? e ferhr s8filsip Ao iR of the atass
the di gutRitehedbr WasHcldM ib PReFerablyras WihesqRiti AthSipiddase TdldorNtheldgposition
inner circunferential surface 122a face each other (e.g. a point

cor r espbihdighags sebstthte foemagadticplask is idefinast sotthat the glss hibamite fordnageetic disk has a
points, 0 he inneg. circ erential surface l121a t he i nner ,
ci rcun}“@eth?l?%l COEIckb Lllg%’a’;’?m[‘@ﬁgjmsmn Coeﬁ%‘fd\e%ti &tﬂﬁ &ass sphdragfo for apgnetic
is co el | Adr | ©742 . Se ' -
12221 PR T AR R R Eagb R el A Gk R in EARRE o 107 0
ci r curriey envi'g{")s uBiag eotpf@ibly, e hifsdl edpsibakobfficidAeis gNe10”(K™') or more.
circunferential surface 122a of the second die 122, is as extrenely

short aAbe dwsuel oxmoesigecoefiicient shevdppstlaelaed 10me tih dinedrorx@ansi¢recegfiicients of
GG is forned into the substantially disk sh Spr. ing, along the
Tner EFrETRPER A SiRrHe A1k raperi St 0p el 358 ke frasion
Ci T CUNESIRALARST, SH ERREIL2RE Rlant TEXSRERRY) df Gnck€4nM 150 % 8 is not preferable

because a difference in thermal expansion coefficient between the glass substrate and the spindle is

increased. From the point of view, temperature conditions at the circumference of the principal
12



After the first die 121 and the second die 122 are cl osed, the press

unit 120 quickly noves to the retreat position, instead the press

unit 130 noves to the catch position, and the press unit 130 perforns
the pressing to the gob GG [0041] After the press unit 120
noves faetoiehe elapeblinipoems madnynifdren fn thstpreks dforh2ihg pnctetshehae a @hads dulgstrate for
122 are kept closed until| the glass blank G.is sufficiently cool ed o
(at | eBEE0GHS: fisk thawing| & bighpthgrpal sXparsiop cestpeirat isrrcpisbw A pneegemple, it is
poi nt) . firs V] Iqt 3 n i.Vi -uni .
2a"a Brekittle ooiriobtPelaf R 4ol sqifide 25 i RRES 2 B i i eremta
the gl asgachl1ank oStifcfidss ddoMn dndofe idiRr RIr@SSfetititl dtfice AD%h bDNBie second die 122
conveyer 171 | ocated below the press unit 120 receives the gl ass

bl ank Bqosmesubsi@ntig)y. ideoidad] Whkn sedpenatnte eondrot isvperfrsmest tsp éhasl the sdnaperatures
as 0.1 second (abqut 0.06 second), and the nolten glass substantially

si mul t BFEGHfs F‘éﬁ%ﬁe@fi ﬁf%“%n@agkﬂeﬁnPﬁ PHETRRBIEE OF PRI C or less) The

Che. i mimergie B ePtetRHE iy 50k erc By 11C Shefl, Bt R IRy € 1AL
Therefore, tGgask MaeihgCa riseosisr 8Nai wideStani@eylBd ausitctbdi@o fa peks ddning since

121 and the inner circunferential surface 122a of the second die 122

ar e noholigwial| prepreng déol utidined dn sthisapmbpdinieat d Glageheriaged ligh tiscopifinenay be
circunferential surfage 121a and the inner circ ential surface

e B el T 1§ e8P S, trocren ov ke gtk o e rand beter
the hegiolihanshey S LHotEu1IRES SAtHY Deelbivedd nibhlvidlitdn

second d(i:e 122,9% %errperature di stri%ﬁt%is%ég%(% t?’ue f%}ﬁn%c}il r%og‘%t%le Sﬁ%‘g‘?"a”y’
becone shesvibsisanniagl eyprefeerly Jokpatovemora) doslduhpbé hetedtitat et ghassy of 2,000
vari ation of the shrinkage quant i_%{c of the glass material is small,

and t hoisapry@osy is aphpreteraibe depsnetiBicaldy inmelHeg githkis shestank G

Accordingly, £l atness,_of the principal face.of the prepared glass

ol ank G s’ | b aubatlE Bonpkeihe Fbenale iSRSl RRg R & Reurea
convenykiafal thBmekdupleala ik wilicRis 1RREA 10ine BOF échAwele Bbst fabQ0dBhe inner
In the exanple illustrated in FIG 4, the substantially spherical gob

GG i s tweurelirdmyiacsirfacad 2t hef fHedwsindieddl amdlthe mngt aissuniférengaingprfabe 122a of the
cutting bl ades, 161 and 162. wever, e i scosity of the nolten

gl ass. ﬁ%&oﬁ idi I Oig’f ¢ e oabe Hler@éﬁévé\’@“‘f tsl%‘_%ﬂf:?f?éu%?effﬂﬁ‘_él a?%wfi@%%and the
e cut; s | S .-
onl v by R Er R a0 L SRSk 0oL kT ot RaHE e Lo TR posiion
such casebe ghisgWarkosint Benthl &oiifs WTeHe tindrOdirduhiTeres@d. suk@644b1a and the inner
FIG 5 (a) to FIG 5 (c) are views illustrating a nodification of the
enmbodi sgenmigtentplGurce T3s).gob forming die is used in the

m)dififﬂ&i gn. FIG 5 (a) is aviewillustrating the state before the

gob is d , FIG 5 (b) is aviewillustrating the state in which the

gob GG i's magg;hyudliSh sy G0% dahdict f L B % -
276 %5 (o) el ioc i GRS R o ot B Rl 3 e &A6hd dic
f or m ng22 afipetht @ovEr; domdshntogohtaCGyith tiinaert digugifasstidsarfkceG21a of the first die
As illustrated in FIG 5 (a), the path of the nolten glass LGto the
press WAl or tronney dicamderenial spdagenly2e 96 the sserad dig1123ng ag @rtremply shivd as about

o AP BT 62 PR SR 3 b e ISR, i
|11 ust kRERMY dhréddiag AokPine hhG IRUHFGMASErhE 1NaloMES ARRId M8l and the inner

spherical shape in the recess 180C falls down toward the press unit
120 at cooenferentiabsurfzpen2rgof the sbdond ldse 1B withoh dh8&treetnstoal tirhaygind akergob Gg

tomrd,the@Dress unit 120, the gaob GG becones the spherical sh%pe by ,
the suif@eilly eorlpdandsolidniied s the forg efsamerghoysselpss | &t it way.ithe giaes blgnk G is

, durjng.th t . i cal,. GBS . ,
s Sl TS cp Lo PP o8, AOR B ERkAR 1 Bek S gm e iz ot
per f or Aedifed oPAse SShshafeToNghagidiierdadRy fipeRRBAPIRGolt D t61268 nEh APGHNBIeASS

[0039]

In the press forming method of this embodiment, the glass blank G is formed in a manner
13



[ 0045] Alternatively, as illustrated in FIG 6 (a) to FIG 6

(d), in the apparatus 101, instead of using the cutting unit 160
illustrated in FIG 5 (a) to FIG 5 (c¢), a noving nechani smt hat

noves the gob formng die 180 in an upstreamdirection or a

downst sgdntheli the dhinep Rirshiafgeritiae spddde 10f atdrehdralst ae Ul aesl tHe ifBet ddRumferential
used. FIG 6 éa) to FIG 6 (d) are views illustrating a nodification

in whi ekfacad2 Bfﬂ@rfmw@ ¢k d 2180 sheperstensferedzand ﬂqeagfomprefalrz(laly Gle(ﬂﬁ)tness and
are Vi illustr e state bef.ore de, FlI

Coy 1o T ol SLesplor i £hd SelPetriidAneR=t aEe gob obbs ereraate pymparable
the goh, fi@tdbNg adiia @afe diSk. 2 MR chid

state in which t é 9(3%{2&35 I sas i?jxec@(“gctol press ocr%n #gée}tg%wng%gbﬁ fhe glass

gl ass blaaklG €@ a surface préseskihp pedocad, €d. & pribtig Md (pa)ishihd @rocesedter bBEE forming
formed by the bl ock 181 and 182 receives the nolten glass LG fl ow ng

out fr 81Vt be cheinagsd. gITé@E ipuhe |ghags goenk 1 formed iy thgspresg &ymiing me@lodesof this

b), th k 181 2 k th t

Si'de of TPIUTH DD e MBrkaR gretel t T FPedartihrnel Mindhg. Narate fo
this wasendthediaplthans Gin%ﬁg dbﬁimé:‘l Clbr &E&ﬁﬁie % blabUBlahRi®Gs hifl-Sapbd sheet
(c), the bI ocks 181 and 182 are separated at prédeterm ned ti m ng.

Ther ef baang eHbickmdss @f 0! wsk. | lBnr eflhe sedadeyrotifeckd Goilsmét&lmandrdi@Bness Ra) of

falls down at one tinme, and the ¢ gb GG becanes t he spherlcal shape b
the subteeC8LHEISH thi 1s Mot withgheged B in Mie inpen i mfagntial Smf@e la and

(o S SR 01 G UG SRR PR EB 3 EB e ety 0.0
per f or m .08 ui. esmhefsartit@ughiies ehye gra@soaaﬁm hd}ebi forAned pSh3sa face.

bl ank 846] FIG 7 (a) to FIG 7 (c) are views
illustr at | ngTbﬁptehtefomm fethatlilo thik emihdiokent lsrm@aaiblenfn tﬁlhtaﬂgotss@ath@fonned

| unp of the optic | ass heated. by a softe
1ot Baelipe S géﬁ%‘gﬁf‘ G Rng Do ot B BRGSO ot decording to the

per for
si des ggeg ?Agdggﬁ%ﬁg 1 anél\,@%gdl ur |I ﬁg@ hsgjf f éﬁsﬁ(ﬁg}?}gﬁgpﬁ%nj&ﬁ%@ @?g\alalnk Gis
(a) i sdecrudsedy mhdhirsihg alldwgnct hie tigd @trﬁhfﬁ@ﬁ@b@sh@&ndﬂlﬁ&reﬁﬁcddhe ThRak @ekferable in

optical glass is formed, FIG 7 L is aviewillustrating the state
in whi &8RS nra%twﬂypmr@\@ptlelalo g easrlrepn phanieuh Suﬁm Fﬂ@adckltxpn,) itjig further

| | h
? oV![ ﬁ\év Ifeé?{ﬁ hﬂ@gg%@%}f A5 I ifgt}gg ﬁfﬁ‘h ¢ es 8 Etﬂe é]ﬂegsagm DL S L target
11 ust r'gpatsseﬁlbs@aﬁ&migznea& dlsk nsu% a@%&rﬁ%glzﬁﬁﬂ% pR c&Js Snd PSS hiRded.

graspi ng mechani sm 212 conveys the | unp opt i cal gI ass to a
posi ti gi}48bove a press unit 220. As illustrated in FIG 7 (b) t he
nmechani sm 212 rel eases the |unp Cp of the

| |
opt fiaratgféégﬁ@b{hgiﬁ ite 1B and; e S@pnéfdl% m%z s, Bress peit 20 iy moves
down. ﬁ? the I'Lty?sdtt E(‘%}&ﬂh ﬂﬁt&d%%%regfﬁmt Et'heE gathh O{sﬁéogl,el Ii;dj {ﬁg é;(%gss unit 130

t he opti cal san

221 angeﬁf@qm&a@pﬁgﬂ%@,tﬁg%ﬁ Q}Gperformthe press form ng, thereby
preparing the di sk-shaped gl ass bl ank G Because the first die 221

and t hé0Gddtond di e 222 have the same configuration and action as
thoseoftheflrtdlelz ndsecoddlelzzjll st d|nF|

the descri pt '0H&" S meYR§ 491 ‘TFPérﬁ?}eH"é’tt’l?PeH‘%{’f f 16} amgﬂsecond die
In the

torper ArurSaehr TPre i) BetgRs b O At SBRATHIRR yodiMEe plses bane @ s
suf f i caaahpstatvenbelotvhanieldipoigt)as Thid, ans fitst @fivirgnier st UsRl (hERec@id &lddng unit
m)ltenﬁ%éass LG before press form ng as described previously. Further

t he terperm dilves t@fsepﬁétefthf: digstdlie lzg and the aeﬁ@nd;él@olﬂa thieeglaspblandy grialls down
peri od

t t d f . L d
D5n andimiredBes ot b S Puer BBy Red 17 hdSseREbeioh EikcrreRmun b iad ircigs e alass
be conglgkledet pidie)l over than the glass transition point (Tg) of the
[0042]

As described above, in the apparatus 101, the first die 121 and the second die 122 are
14



The tenperatures of the first die 121 and the second die 122, over a
period of tinme until the nolten glass is separated fromthe first die
121 and the second die 122 after comng into contact therewith, my

be kept |lower than the glass transition point (Tg) of the nolten

gl ass tleswhwitkirt & éinfeoasnexaferteliesifart s¢ 0di scdill (ahoat 0.06 se@nd)dindithe diz2ten glass
illustrated in FIG 4 is maintained. Oherw se, a heat exhausting

uni t mispsERtigHmdansoyslyremgs antp @O@té?tfwthﬁlemﬁqie pf dis ipnpscirepaterential surface

t enper ?ﬁﬂ{ & f ﬁtrgedléjllfl %ﬁ;d ﬁh}é%gp UES the il Qlltl?e(f%ﬁfah Et?r{ac%vﬁﬁa PF s:[eQ(?nd die

gl ass transi Fon ecrfic exa Fed'd efa

cont r ohomf TH&eﬁUr@sth\éﬂ Hnelb%ug@ﬁﬁrérﬁﬁﬂ sbﬁh&)’v M4 hrr t%feeﬁ@f‘Qﬁ‘e af21 Fb@ the inner
and 9. [0048] FIG 8 (a) to FIG 8 (c) each illustrates a

heat exheausierangjalusirfacd 21324 of tltesacend idreg 1 22h eret reridecatiy Ureatedf amhelstrein is hardly
the first a second dies 121 an 2. The heat exhausting unit 12

is coafftf-‘é%te<§ dn i iR ng‘wtetz? ’?a@%aecﬁ. 2y es‘BneasCltCB”%%reWPl surface 122a.

surfac r
The hegt3 gag{%%aus Mtélbgfagfmoﬁ?bﬁl&is ﬁiﬁé g%@%@ﬁ%de%ef al}fsl€§§agtq aga re a;adr%‘:‘ég1 olten
by theghketd ﬂhe(ﬂiktsdléﬂfll and the sdcbfd d& () altbihpehifuaé eRtrfition afeefonhed enolten

t he heat exhausting unit 125 is provided so as to be in surface
cont acglagg tuﬁcanwgubmma%(ﬂven of Thersfageit 8y codling e menitch aglassurvfagiedofol the

each of, t first an ond di e 121 The heat exhaust i
ot 3 sikeer, SbFRar o ERG mueRsh sl e e S%lﬁc‘é\?@%( od iy e glass
is configiied suchitdatnbaah s%xfffte difSal {del HROblepaf ol
suppl yi r?g zgar to {Hh éj?ecesseg por??gl% 1€a %15 cent ?he eo @(%Saﬂ Iproved
suppl y asreshpared to 4 glats blhdlugiepatedy comfeatiedprex Ift&uﬁﬁg Wwith ufivbpé&2he and a lower
illustrated in FIG 8 (c) is in the formof a heat sink including a
plural di% of fins, and is intended to performcooling efficiently by
securi ]Iarge heat exhaust area to outside air. In the case of
FI G 8?(3)@ heat exchange can al so be efficiently perforned by
suppl yi ng ai fn $@ eRfinplelilISWARMN m%m&%&a&tal}t slpﬂatdaﬁtvadtc i$ 93%%&1 by cutting
Preferably the heat exhausting unit 125 is fornmed with materi al
havi ng theefdwingrat atalten tgyashiLghsing tharuttingtblafes d &t hindfl62.i r Hbowawnat, whemmslcosﬂy
dies 121 and 122. For exanple, when first and second dies 121 and 122
are fof IB‘Plteélng}EﬁStlFféﬁIa%ldﬂce}F ISW“ (‘)@ﬂbfesl?ﬁ%@b a vplymerpd she galngade P guts the glass
unit 1 t I

%ée blggomé] h% sﬁﬁst%{tla‘flggﬁﬁ&tca %hgﬁg gﬁfy @héu?ﬁ' e %1%@’@1%%3@4:1 the gob

al um num-al 1oy “or AUsty ng uni

heat cenebiGbdmedt Y Ihs@hehsdshagot fodhimf dieaaRe®fo folih ke gitd second di es
121 and 122, heat fromfirst and second dies 121 and 122 can be

ef fici é@ﬁ4l4§/ di scharged to outside. The heat conductivity of the

ul trahard al 0 ) W.n | and the at. copquctivity of

copper is 4059% \WS/% i Chatrnirvi AT g mod esk ogﬂﬁﬁaqdﬁféemfﬂ@ 4.

125 miythPgt ﬁR&EﬂHg 904 8 dﬁée@ﬁt ﬁl%tn%htﬂ&ﬁﬂﬁd' 93 tSO( ?mﬁea e ill%&?ﬂfﬁgthé’ L before
i ckne irst

har dness s and di nension, etc. the tal formng

and seciangbbdi emdd HGanh)Li22 viek 1ﬁts§traim@ tﬁeﬁ@tﬁdn diheh A2 dotnad isl@add@bethe cutting
requi red to have strength capable of sustaining ?ress and therefore
pr ef er apityl 60 ad aapb forpning dﬁd@ﬁa@r@dF W PHckine vhewadllusiptdngsthe stptaim whigh e press

[ 0050 X t|n n trated in FIG 9 is
one ex QrpYiRs fSrPehﬁ f@tﬁ& E‘(S%ﬁt ﬁaht?\agi?fér}? aé"#‘nlifnot illustrated) is
provided. | nATshllﬁ'stl%?éﬁEin }qgok '(d)gth‘é’ebtaﬁ'f of fhe SHIRA] g%jss'LQ;tt@ thdBrel€akit 120 is closed
exhausting unit y, for exanmpl'e, a water-cooling mechani sm which

may be bprcisingabe hiotlm E8 Icandl 1|8agamﬂahe tunsy of thg endllian IglasaLtgvatltemtth]mmuamg it 160
pi peline. A passage for coaqlin er is grow ded in the

exhaus 3 fgetifd by tzscesscb%ﬂq ¥ ing blogk 184374 G+ bhsmmeeloiour HyrS: 5 O
e P IRRS 83 T QUG RESBARE ] Srp BObE MR AR AL press

by absorb |ng ans erred RaUS
the di enitand aﬂblﬁcﬁtlﬂﬁé 89 @peiRttecodkeat ] @xiasst | Wihen leﬁné@&vﬁ foveard 8l¥fpress unit

120, the gob Gg becomes the spherical shape by the surface tension of the molten glass Lg. As

llustrated i FIG. 5 (c), during the fall of the gob Gg, the spherical gob Gg is sandwiched between
15



In press formng of this enbodinent, the tenperatures of the first

die 121 and the second die 122, over a period of tinme until the

nolten glass is separated fromthe first die 121 and the second die

122 after coming into contact therewith, are controlled to be | ower

than tte fitsasiic t2ansittheseg@idndic(DY) toberdfdien MY bREs Jhafise, LiFeMdB NFeparing the
means as illustrated in FIGS. 8 and 9. Therefore, in the press

f or m néiskwhinsd gdass bk Gernbodi ment, unli ke the conventional vertica

di rect s method, it is not necessary to attach a rel ease materi al

to theﬂgﬁs ace of the die because the nolten glass LG can be

prevented framheingy ystduhRdibeIdlicte) RVAR: fgc\%?in%g aﬁgp?a‘(étﬂsgl N idBA8'of using
circunferential surface having an extrenely surface roughiess I's
used, the quéethfeoumii h flhetradbineFIdes o) badG 8pen atdvigy Gectaniin tht bees the gob
die, owng also to the nolten glass being not in contact with on

one of faréngflies! 300p a8 ynsigam idirgction or a dowpgtrepy disaction wlong thépathexfithe molten

exhaustj unj I OMi . i ff nce.nt erature i f.ference
inte féirgsg{“ﬁ r?[léa&o#gseg'r el\é(ié(g%g(_ra?n?ongkté l?l’e ‘Trdz@%e_) VigEY \}@gﬁa{‘%a géar‘i"gtlf‘jc_ﬁ}mn m Which the
por ti oBoRRsnifiedil I0UNTuesENtria! 6 eAamapEId 695) 82 BAGLIREtrAHE thB8REEe before the
circunferential surface 121a of the first die 121 and the i nner

ci r cungelr Entis aladsuFabecll B2aview itltmratieg tredstali én $PZhnthy gble Gcoweiaid by the gob
whi |l e é}he.m)l.te s]| ﬁ@ e’fis, press forned. The glass bl ank G obtai ned

af ter PTRRRGCISPrIHGRID (Ohisorieno lsAing thBattaD e ReEpp s s, Sublected to
[ 0052] %@Qé%&r%tggnﬂe%@@ﬁss(@% 520; Shape Processing Process)

Next , P S W

e scribing proce e described. After the press formng
process, theAf ditusedicgliaFsG @nkh&rdcsssSIHUCERIRED b HECHIbEN 18 Add Iereceives the
scri bi ng process. ) As used herein, the scribing nmeans that two
concenmolten glags Lddlozang et from thethobien gladeowfinwerrt 11d)  dwstitlisigptdd nddG. 6 (b),

are prqvi.ded ig.th rface of the glass blank Gwth scri ber made

of a sﬁﬁéﬂ“%ﬁﬂgw § 18 rsarier Dampred S8 B Gviaiterts Mobes e o oF e olten glass
di sk- shapeplhé@gninbepRinL ks e Nis DAV Aknas | i

pr edet e?m’ IE'led Si zle. Thenggl ass %I a%rk{ﬁggjr%?tg‘gglalpgn?%ﬁté\%g Tiénlas illustrated in FIG. 6
concenta)j the biacks ¢85 hape8l arepegarated hiyprbdatratnedatding. P Thére@ite Qbé Slolten glass L
t he outside concentric circle and a portion inside the inside

concentstdigedpy dicdlacks 13d mpdel$2 (fali Jowm at pre dmet andghe igale Gyr loasemisy the spherical

di ffer i e |l expansion of the gl as ank. .| IS ,scri.bi ,
o1 9088 o Ind NSRRI Moy 2 *SRa P M8 Sohbl M s ot
per f or fRG:0BIGE, iee SARECA 8B QWYis MW BEdR EANRE A ife f'ﬂlraﬁlh%ig@gﬁdj die 122 to
cutting litnes at the sarme time using a coaxial scriber In that a
hi gh cperfarirathe pyess $orenaing, dheeehy preptirsie-thhdipledhapled ghassbilasit Gat e can al so
be obt quqg? by fon-ning a circular hole in the glass blank using a
core d or the Ilike. Japanese Patent Lai d-open Publication
No. 2009-269 f : Y| I 0 aScribe cutter
navi ng o aneal e oot TiGHEET P i Pgb ARt fel o R i R b hugna or e
usi ng ots G| BeuBiptdp&df.the optical glaBs hédtsd BYRQEIRBBAE furBhdC@ol MRistrated) is caused to
arithnetic average roughness Ra of the principal face of the gl ass
bl ank &bt diveaid tge press grr@s@ soerforgedoiodbebenaSr whie Hie Ininpdipyis puoieadsed from
is as l1..as. 0.001 to 1 nd a | d.rel ease material is not,. ,
attac hﬁ‘gtﬁ T Brtiygen Bifeﬁn%li §E¥]&?9D£W%uﬁahn@fegﬁe bpefrs cFihi h§p) ng view
a_hi ghjjisehe ' Shedf QAN G is 2 vi
G ol Myl 89, BRe BERHE 8t IiheP ol o AR WO Bl BFRTea, IE: 7 QL ds o view
subst r dlwstradipethe seaté i RGichothetlb@p o mbtitalidlyss thigy 8edn,i &1dNPIG. 7 (c) is a view
det eri orat ed. Furthernmore, in the press formng nethod of the
pr esentllUshgiing therstate o thichy the dirgsal formined's perfomecdgloaths Tomark thaveticdelass to
sane sur{( ﬁleer%rla%légmﬁ%s' Thus, a crack extends well while cutting, and

|

a
a breakd's"y ay t0 occur. [0053] In a case in which a

shear mark (As iil6ffed MG OCEY ik hpPhrats 20258 RO efHP o Gifd! nelBdnsm 212
conveys the lump Cp of the optical glass to a position above a press unit 220.  As illustrated in FIG.

7 (b), the glass material grasping mechanism 212 releases the lump Cp of the optical glass to cause
16



Wth regard to a glass blank formed of glass having high Tg and high

| i near expansion coefficient in the press form ng nmethod of the

present enbodi nent, stress strain nay sonetinmes exist on a surface of

a die. Presunmably, this is because glass is a | ow thernmal conductive

mat er i &ic ling Qb obthe aichl glgsshiosfablrdpvnf  t4seillgteassl insFIEY. i7gla), |dpring the fall of the

different for posi tion Q he principal, face of th l.ass bl ank. .
When a IR 8 Fewphed s he f‘@lpp gissaptwiched aetuee etk dféc 23 eine ghe second die
ext end t y t Ll _ i i y

he. i nac (o arty S TR BRI 1R iy (g R RAR e MK Bioause the
di f f er gindt did2Xlasisiethd egoad dof 228 shosinfedongigatipe bhd 8ftionSishdst OF @Y first die
In view of the above, it has been found that, even if pressing while

a t enpéZhang gecprd disrie? dllysadted dan BEG. Jntlfesiepsrmiions smgoited.of a di e and
cooling(?fier the pressing are perforned, degree of stress strain nmay

be dif % g t depending on positions on the principal face of the

gl ass bl ank. rRpgfetdiine@bhiYel otidi&FS Strain of a portion closer to the

outer circunfterence of the principal face of the glass blank has been
found to be prthatabove-Seschbghprentnaingosthis embodinoenaniic Grassatules of Hee first die
likely to occur to glass of Tg equal to 20 620C or nore. Moreover,

t he phdAbaihths speondglis 123 wgrgtaingd seidigiently layyedhanghe glpseensitiangemperature (Tg)

or nor t s inferre a n.influence of .extension of gl ass when
pei g of Llumb ol @i Pebhl ol Pl s VeSirihed RETH T Forndh BB Jeifrures of
gl ass HeORsRATEDIA1ethdSthds8cdn@ de 3921 FhePh FeBoll D HRR AR tASmbBePhlabdR separated
gl ass is higher. Furthernore, stress strainis nore Iikely t
occur donl thadast dex pinaidothe seehfl idod B33t afief cghagsnioscohiaghtberewTthi may be controlled

because def ormatj on anount. i ncreases with regard to a tenperature
change © iVt Haadheglasy transidiopgpwt (Tsséafgfhetms%&}aswen the |inear

expansi on cogf s{l-ogicfﬂé rofed®att térgge}acgul%r???{e?moﬁé‘l? §la§7%?§)€ %%6&%1% J(:)oirnlfr%llgd to be

to occur when I'near expansi‘on coefficien _

nor e.  consistentlyl 10wbh@as €fat bf e MEQEE$3] Sld thbeeddha FeNt226RIpEBMormg process.
pressing force of a cutting line on an OD (outer dianeter) side is

pr ef er &bisyndre preferableshaty rediequresstferming grodekm theotemgrrande ©Off theemolten glass is less

di anmet er i de. dept h of the tti li ne e controlled b

Tary: e B SRt Rbeatine AL el The oS i BF ehS e e et of the
si de ofg &g Bl1as% e altknd gRgebfical ly, the depth of the cutting line

may be preferably wthin a range of 0.05 to 0.15 mmfor the ID side,

and wi t hi n aHesngke aémpPerBiard of Ghel Yianiy, ffor ekdifpl€Da Stei@eraflih@tas irfieastife@ using a
pressing force of the cutting line on the OD side nay be preferably

gr eat efharmasPupkaat aoppipthehichhisiogeted { endp yheigsidr iof fheglie Rerrespprdingto thigeentral
cutting_l.i.ne both .the 1D side_.and the OD.side. |It. sh db te i
Chat | " BouiPF B8 heed T inisfh B8 oBnir ey R oL BB RE A RAAEAAT the dies
the gl a8, thé 8dtral Phiht 6f dabR o HBRGIN R LirkiRRepdttihl RYfakdN@ 1h andl@3iHed as a
depth in a thickness direction of the glass blank and is not “defi ned

as a dept h i h¢ keenpedtigs ef therfesttdioh2] Midsthe sévenddpt 1220bvdrhagetiod bf time until the

line is Q.05 nmor |less, a cutting_naé be difficult, Wen the depth
of t he MAkERighss iy separaiedpirom thafast diple! 2nd phesseonhgicoutfier coming into contact

Accor di 4 ' rs. VN B foynd that, .
hocs! SRRl 58 B8 PSR LGN Sonbihon TSR TP AR vt e
pressi fgniisf Mg ks 101 ahdl gk ko Eiel 122tiN8ArSGY inlFad: 43¢ FRRSaiRLd. AiRtherwise, a
due to conpressive stress is likely to occur on the surface, and

t her ef bed exhausting yni¢ ongthierpeevidedciaghe die tovherddrmacantiiol sonthat fhe eerparamesof the die
shal | ow. n such the case,. ﬁg&%resshve stress.is the snal]est. in the

|
vi-ci i £ SPTEN dOTmURE BROCETS if fRyY A0 sk ransHip e ) | mgeiceswaplgs of the
t he OﬁT&é?ﬁpe%tﬁfe%%ﬁ&ﬁﬁe dilBYSH b@fiés‘éﬁhéqeﬁezgﬁ Q&Aﬁl Rberd 8 oPHIEE. 8 and 9.

y shal I'ow.

circunferential side is constant ccordingly, a pressing
force ¢do48Mhe scribe at the outer circunference may be set to be

FIG. 8 (a) to FIG 8 (c) each illustrates a heat exhausting unit 125 for decreasing the

temperature of each of the first and second dies 121 and 122. The heat exhausting unit 125 is
17



In the grinding process using a fixed abrasive grain, the principal

face of the glass substrate after the end portion processing process

is subjected to grinding processing (nmachining) using a double faces
grindi ng apparatus including a planet gear nechanism For exanple,

t he griopietgthds tirebyrdmbivai fagteaink omemBesOhs I6ViRYy &l stfiffdeOfmRitRt SvitlD the outer
about 100 microneters. The double faces grinding apparatus includes a

pai r ofirgipperentaMurfaser! eagh it e Thedicakexhapyiae unifr 23de ppivides fanexhagsting beat

surface, pl at.e nd a glass substrate is held between the upper
Sl e B 2o

surfac® r surface plate. By noving one or both of
the upper supf@ggalialieudng dafiploWBde Y faf &bl udihe 59k gﬁﬁrided 50 as to be
substrate and each surface plate are relatively noved, whereby both
pri nci padurfaecemtat withelgbstabe whblstaf diccowtarcitwemderentivd surface of eadhnoftthefirst and
press for n}]ng process of this enbodi nent, .a gl ass bl ank havin

18t

ext r en¥Phdiss 121 Andelde- offhefhgpt exbanging unit b Blusiraied in Fifg Heb) is formed in a
f. EALe i tted. Bef o
prepar g&ga\?@&a Dergfo Egnff@g%ﬁ#éﬂ ) %eﬁ%?&%ﬁ%%gg&?%fg??egﬁ%%[fe eﬁé%%;aé?ﬁgslymg air

the grinding process, process ma _
doubl etofthe escesied REHIDE 28 BRAJeAtcH hebdoTbl AR alrQupple rARBAkidhYSotUBEdratdd) t NMEhe heat
grinding process and an alum na | oose abrasive grain. When t he

ar i t hnethagstingmeatnl 250ligdtraesisin RAGoF (o) freinghé forinpdla Heatcsnlomchddengyl plssility of fins,
bl ank i diately after press form is 0.1 pmor |ess, target .
sur f acEIhidpERITRe Rarormerogling eMisihndl by soidhd fiafhe vl cahaiet e tpgutside air

Pol | shimae o1 Cr §( G, hEE 5Bk 2T Be Aleh ) ot fbohiFair o an ai
subst r aipplyaiteianishe(ngt illdiraigd)pr ocess is perforned. I n edge polishing,

the inner circunferential end face and outer circunferential end face
of 22 [QH8] gl ass substrate are subjected to mrror surface finishing

by brush poljishing. ;At, this point, slurry.that i.ncludes, fine .
par U1 o o5 SUCTIETE 19 el snreas bR d2h G bt il e AL T herg sanductivity
By per fiohdi figh 8A06r £h 0% Hr-dnd 8ohRAN2N8AE 1830 NE A xGRABAWBRE L Bn P ¥econd
deposition of dust or the like, danage or a flaw is ell m nated,

wher ebgies ¢2Land%are formelhdmmaltrzhapiealioyye.ganUMiOpake heay Bxinfusiigeninf 25 may be

sodi u potassium and the |ike which may cause corrosion can be
pr eventawed [Boeopper 1) penpst abpy. alumigopr ¥t elnipgnedloyeoy the like.  Jipse; the heat

the pringi C t I - st,rat.e ter- the | i shi

or ocos S AE POlas 10 oBRT ARpIE Wby hiF oPRF PR B fg1 anc
has t hexTmesti i GirRlhh@YRDEE dRE 13 EUEd 82 FnUeUTREBASy diScARRHY o 88side.  The heat
m cronmeters. First polishing is intended to renové the flaw left on

t he pr comclupiatityf eftide afltrahard WéygfVviding UsiWign-Khearfd the deatbroadictevitgradicopper is
the straj rtw?ng(the m cr%-s rface irreqgqularity (m.cro-waviness and
roughn@@§ Vgt hdhe megtbep el Bgms dhehest edaustyg ynithl Z9gnay be apmepiaiely selected
whi | e 1 shi | . A j Sk - i shi

ot P RIS R 0 Rl S, B R g

grindi agl prcos@dies 131p@ldi BIB. nFidgen! s«ond diRked i ahdt 112 gelrbgliteddo have strength
solution is, for exanple, a cerium oxide abrasive grain or a zirconia
abr asi ¢apabledif sustaining press, and therefore preferably they are not integrated with the heat exhausting

unit 125.
[0050]

The heat exhausting unit 125 illustrated in FIG. 9 is one example in which a water-cooling
mechanism (not illustrated) is provided. In this case, cooling water is supplied into the heat
exhausting unit 125 by, for example, a water-cooling mechanism which may be provided with a
cooling water storage tank, a water pump and a pipeline. A passage for cooling water is provided
in the heat exhausting unit 125. Cooling water supplied from the water-cooling mechanism passes

through the passage for cooling water, and is warmed by absorbing heat transferred to the heat
18



[ 0058] In the first polishing process, polishing is perforned

so as to have a surface roughness (Ra) of 0.5 nmor |ess and

m cr o-wavi ness (MW¥Rg) of 0.5 urn or less for the principal face of

the gl ass substrate. The m cro-wavi ness nay be represented by

a RVB eRaustirgd wet €29 fomahediedsnddieHagibd g5sn &e leavadRbangtinibmidviadhfk of the
of 100 to 500 pmin a region of 14.0 to 31.5 nmradius in the whol e

of t hevWatarselyg mﬁ@@élsmandf hedpmber am%ﬁslfrté@ﬁc%m@sedoad diegdapland 122 can also be
Model - 4224 nu red Pol C The surface roughness

is rep 8?8?‘?? °3P.“?K9¥@Fﬁ§’aﬁ% nlﬂ%ﬁﬁ??gks Ra defined in JI'S

BO601: g&g and, for exanpl e, can be neasured with roughness measuring
machi n \/13100 manuf actured by M tutoyo Corporation and cal cul ated

by a nethod HepiesetbriningldfShB0HIADIARE, hbeempdreturaudhinesist die 1 d&iSBe second

than 0 006 pm and no nore than_200 pm Wen as a result, the
r oughnéifs13% ayena psriod f ftigsuntil dhe mwgéa%tlﬁéenamj%ﬁegsth@aﬁrsb@e 121 and the

d w f
e nosc Skttt dle 323 AR 3R 338 Rl BEREREL Yef CoRuiiC &y Bp JOR& B the gtass
cal cul ahghiby péinfE) OfdehdiRAGHSY LHuSRIRGR: 200 KisichiBd LI, 8948Y.  Therefore,

application, hnmeti c nean roughness Ra as neasured in a
r esol uin ore plfesﬁf@mqngmeﬂmd(ef shib rendbodBastly entboet tmrmmdtwhabmmcdl imect press

square can be used. [0059] %_5 Chem cal | y Strengt heni n%PPr oces
(Step 9“?%) e Ilc’ft IPf‘é’ei‘jP’é’s@ allatfs b relpase apateal i dhersupigee pof @ﬁh@aﬂse the molten

process,.l

sol uti lagé Eo as e&%’%ltﬁ(li ?r r%f}lgééjr?%ﬁ'ﬂqf%g/o t\ll}/%fib ?é’ éadné)%a npaﬁ%rcﬂlﬂg@mmal
by wei gmaceqmuigeam%g@erﬁ@yaoﬁh@afa@@lr@ghﬁégsel@qisb@myﬁgermhﬁﬁg &b abldvelddSeribed
chem cally strengtheni ng process, a chem cally strengthening sol ution

is heatmpemuref@ntreb@tbt die, 800 e WwabeEmadtengbhebeigt asisinswbstr witk ohly one of
prehea ed.to r exanple, 200C to 300C, and the glass substrate is

t hen di *&p‘E%F ﬁoﬁaﬁ)‘ﬁg ®Reni cal Iy strengthening solution for, for

exanpl e, g, | e

e e 2 Pt it e b MEAbAROUE S5 RSHEAL . LR Lhpeanre
i on i n(differeace fimaembayiie dn theregd damisgbatied)chbaweer & @e@ehl portion and the
respectivel by the sodiumion and the potassiumion which have

rel ati vanésﬁﬂ@él pdee nogiagruse saghnofi the 1 U@Wé ml@anfeyermk snfchdRil ngf the first die 121

solution, .sa_t ssi.ve .S n th

ayer S0t RO s RETeRI SRR e o et oR et aeelowird g BE Fotten
subst r afes sphi E&E@ﬁ)rﬁﬁdt hencham lﬂﬁxllll?ii c%t&ﬁ&gﬁﬂ?@f@ sstfo fnger%ﬁ {h%refore have a
washed.” For "exanpl e, the glass substrate is washe s I U}I,’IC

aci d, @onol turéace wasinesh. Wi th pure water or the like. [0060] (h) Second

Pol i shi ng Process (Step S80) Next, the glass substrate after

chem cé@q%?]st rengt heni ng process is subjected to second polishing.

Second pol i fs@ng p§&befr§$apllo\ée£g$teé@§0 chlg Sﬁ%l%gl}?ﬁ%n%ﬁc()f about 1

p.m specifically in aTangée hi ni ng

al | owance i sNegs $he RABinkRodedN A bé REscABEL. ACLREAHEI PRES ForitB BEesBahe formed
decreased sufficiently %nqﬁt he ot her hand, if the ng%hl ning a Hglﬁoev?/anc% orme

i s gregtass blahlafy it ebjeciedy, scnbmgdeﬂ'@rsnobmglpmesss uch as roll-off) of
t he edge shagg ¥ be call%ed Second polishing is [ntended at the
mrror surfals Bt ilSHihghgsCHRBE NP %aﬁ tyQ cancenics dpgfey cpRACNIS Ryl outside
for eXQMeﬁmcs he tlglgslfgg% hl% gﬁﬁ@iﬁ; e dcjd?f‘f?er Sf]tfhte (%lriﬁl%% ga%.#('é %{hga &1bﬁf$ &%de of a

At this polnt; I ng rst poli
in thesfydr |allwy 0g dﬁﬂidﬂﬂq)aﬂidf& iKionderan @bRal thetligk-sHape (Ag-sHape) SOme formed glass

abrasive grain, and hardness of the resin polisher.
bl havmg a predetermined size. The glass blank scribed into two concentric-circle-shape is
partially heated, and a portion outside the outside concentric circle and a portion inside the inside
concentric circle are removed (cut) as the cutting line grows by a difference in thermal expansion of

the glass blank. In this scribing, preferably inner hole formation and outer shape formation are

performed at the same time by forming two concentric-circle-shaped cuiting lines at the same time
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For exanple, the slurry of the turbid fine particles such as

colloidal silica (particle size: dianeter of about 10 to 50 nm is

used as the | oose abrasive grain used in the second poli shing.

The polished glass substrate is washed with a neutral detergent, pore

vat er, yiffa @batif&chibden titit QRN ArcdlaBt PR 9cBRPSE 3t @isl‘z@ﬁ%ﬁﬁg § bibsBhtlean also
It is not necessarily essential to performthe second polishing

pr ocesb¢ obtatned byifsmpng f eirabihchdloinbe ghsnblahieusrg o nokepoilli s Mhalgkepr ocess
because the }evel of the surface irregulari of the principal face

. t L
of the gl ass’&aReSeFateat baif-apen I’BPI%PHN%?@@%&@W st ooieiitTeg to eth regard to
second 4 shi e t L nci pal ce. Ix eferably nade .
o nava Stbs Culld BUAGEE ol o BEDARRR A80ERYoEE i HBRSY wlRES sorive
preferaftter. 0.1 nmor |less. The principal face may be preferably nade
to have m cro-waviness (M¥Rgq) of 0.3 nmor |ess, and even nore
pref erabl y Olmthiempodimes, sip@o0dhearithmetic avAmgd esuphitre Raadithe printipal face of the

t hod tuyr.i I bl ank f netic disk i.n thi
ermbod AR DRE PO e Btk BRinkpr e de ¢ TRNGIBCRToprss8 At P A 0401 fo
| PHEPEHEL A" HPHPIBES PBERIOpS
cimoe. PR ROl LA G S A € o pl R A eb SR AR e or ater

for a baibing,ian® a hghdyitldeah bapeiaddina madss Rriudiieh prov&s. aTResitthr®Y of the outer
time until the nolten glass is separated froma pair of dies after .
com ngshape @affon e eenbnlawile pl the ash sulsihiedifien stybing we thet deanenttigtytharsef is not

transi%”pg]pghnt (Tg) of the nolten glass, it is not required to
att ach®t'6"Y"e%urface of the die a nold rel ease material for

preventing the bR iPHdSsesd rf@:%ﬂag%ﬂ%&dmﬁe ?f%séd?%nﬁio%eglggﬁg} fn't?lgceipaz faces

molten glass is not fused to the nbld, the sufface roug

press bbtheighays lankdaee tharsatne snefele: ronglese| yIisepd ¢raclagderidievdllr ®hige cutting, and
formng_surface_is shape-transferred, so that the surface roughness

of thed§reakds wHEsly e med by press fon-ning is extrenely snall
Theref%(%B in the scribing process as a subsequent process, a scribe
cutteris gpplied to a snooth principal face having an extrenely

smal | surfach 4 exghnessch A8tkat BRIIE{ iR iaby o @NEHIRORC L BIakd Blabl dRE td W8 mark
concentric-circle-shaped plane-cutting lines formed by the scribe

cut t er whee agiobdn gendratediels pehdrglied) e shear Asark miayshd preferdtdy edjustad & be Yormed in
and congentricity of the outer shape and the central hole of the .
gl ass. SUBEEHETEUE5EReR EEM Pk o B Wy cTECEIE WRtlh efrary e Ser poigiaes not exis
[ Magnet,i i I I .G di LS.
brepar 81 MBS Rapk afer Sind 3 16 S0 B FRORE RS e e rgide of the
obt ai nagidercohtetiOtitdobing thennsite usthaguishie Rhenmaidasss.i bed gl ass

substrate for magnetic disk The magnetic disk has, for
exanpl e, a c®fith waugttoonglaps Wlank Howred: ¢leglpssi ryingahigh digeawst highdinghmexpansion

bstrate.. at, | t dhesi I , der | yi I : .
magnet PR InCHE grEe iEPBE spaerd Of Hisertpsent ebediatty EH e mpy spmetimes
| ubri cat 4y rfRk BralAE K teldoly, il Realdo WMt 1€ RyhefhA%8Rludi e material

the principal face. For exanp strate Is I ntroduce

i nt o aandulacvabelingleiposy of tha ghaspds dightly diffderitifer apbsorvef thayenciplhace of the
underlying | ayer _and the nmagnetic | ayer are sequentially deposited in

an Ar 8slasnllaper eVbgn a lusep rhgalen asssparasead Hés eraladouhilimingsedensied even for an
O T TSNS e e A e B Bt it
presumed to be different, because degree of extension for each portion is different. In view of the
above, it has been found that, even if pressing while a temperature is controlled to be uniform on a
surface of a die and cooling after the pressing are performed, degree of stress strain may be different
depending on positions on the principal face of the glass blank. Specifically, stress strain of a
portion closer to the outer circumference of the principal face of the glass blank has been found to

be greater. Such phenomenon can occur to any glass, but is likely to occur to glass of Tg equal to
20



may be used as the magnetic |ayer. Also, a CoPt-based alloy or

FePt - based all oy having a L10 ordered structure may be deposited to
forma magnetic | ayer for heat assisted magnetic recording. After the
deposition described above, the protective |layer is deposited using

C2HA bg20°%06r wyaPMoredyeMbe pRédvatbnod iv&y ikeyue ickyr t8idldsk @if Mg equal to 650°C
treatnent is perfornmed to introduce nitrogen to the surface, whereb

a magner imore.eclrigiipfprise dhainfe aplusace of rasgensipheefe glese when Hheing brassegnbecomes
| ayer can.he fornmed b | v f ex | e FP . .

(port 1 CORBRDI plienarse BadBR e d ey Eorug el Satedp sl ipifgs shorter s Te
net hod of (HEERRPIaH§hdr0063] The present invention will be

further described bel ow by way of Exanples. However, the present

i nventi on i sFatiterinbry, ttechs saiadpectslikky or ddred as hindax arpine®n dolffiGdnt of glass is
(1)Preparation. of Molten d ass . Raw materi al s were wei ghed so

as to 8 n Thigisakecansy s dgfarmation pmenth lcrapssoyith iregard dpd tmpsEtye change.

obt ai n . X aw mater.i.al. This raw npterial was.put in.a melting.7.
veseel TR SHFEGRiTRYE Rl 1 Pk AR IRY Fhieh b bichpebfydhe TS0 L Foec o
hormoge ARPdI SandOk e@8h s $ikEles dee@MvBed GRMiAAE cAPandidbRBlLatiGH RS YBNC e "/°C or
A foam and an unmel t ed subst ance, deposition of crystals, and

contanmimeatqit s such as a refractory material and platinumformng the

melting vessel were .not observed in the gl ass obtained, The glass
transition p§1 the serigje STOERTES aref}?mgﬂ?gﬁ%w»g% RS loraspi cutting line on an

[ Compos;| ' . . b | .
oot [tk oL EROLS SRS Ll D I Mamec
35% i nsidet ak depthadf the astting Mide ety @AtroB&] BE Vatide e pldsdle fh¥820f aRdcriber to
K20, 0 to 20%in total of at |east one conmponent sel ected from MyO,

CaO, St IDB:dr anditleoDaside of the glesoblank t obpdcifskilntthe depgh ob the @i hesimay be
selected fraom Zr02, Ti02 03,..Y203 a203,. . Nb205.and Hf 02 | n

oxi do. BT ITOTUER & Bigess 0 Baa D S A tr S 0Ride 60 v ont 068 f 0.15 mm
T i nd ati. i f.f i1 cl j 7

 8)5} 950 508 huedie FRARRAS OB UALE 5, B8 o M iy b oty

gl ass lgteatek thmvthatgprathdilansiiee theadby 2quativimnitie aepthi ot Kineastind 1ife Sn Bothwhs ID side
prepared_using the press form ng nethod described above (nethod using

the apped %L@Bisllflhem disshogldghginotyd fhlﬁhél &Cléihﬁéﬁté?ru]f ?md'feda?b&iﬁu@lérﬁo Hieapsincipal face
i i . . 111, ) o
T500C. DL S4ia BERCEER 0= aPb R ol i RS Qoo bt ¥R dnpggion of

was 700 tROkISE blank and is hBEdOMieR Huass HBhebbBlud EréidahangRd the Adp@ of the
nolten glass outflow port 11l  was cut by a cutting unit 160, so that
a gob GBtihavinags 8.06hinokadsss, efcuttinguna@de ddficuls fWheethe ddpéh gbthe @Bttinasline is
presseg gnder a Ioa% of, 3000 kgf by a press unit until the gob GG had
a t enpdrlatBieT S8 2 kre2komay 86&F- t han the gl ass transition tenperature

(Tg) of the %L&ggnﬁ\%aqjgatﬁ% P%g&riixl%ntoﬁosthﬁﬁtit ﬁasgtgeisfogh@%t,h@ﬁéﬂqg g?ass blank is

di aneter of
manufactured by means of a horizontal direct pressing using glass of high Tg and is then scribed,

stress strain due to compressive stress is likely to occur on the surface, and therefore there is
sometimes a case in which a cutting line becomes shallow. In such the case, compressive stress is
the smallest in the vicinity of the center of the glass blank, and becomes larger toward the outer
circumference. Thus, a scribed depth at the outer circumferential side is constantly shallow.
Accordingly, a pressing force of the scribe at the outer circumference may be set to be greater than
that at the inner circumference for allowing a proper pressing force both at the inner and the outer
circumference, thereby setting a desired depth of two cutting lines on the inside and outside. Asa
result, occurrence of a break, and deterioration of circularity and concentricity may be suppressed,

and a high yield of scribing may be therefore obtained.
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[ 0066] Exanple 1 In Exanple | illustrated in Table 1, a heat
exhausting unit illustrated in FIG 8 (a) was provided over the whol e
area of the formng surface of a die, and press form ng was

performed. The heat exhausting unit was formed of copper and had a

t hi cknps4pf 30 nm A die, the formng surface (particularly contact
surface that is in contact with a nolten glass) of which had a

surface rougtthess K Probessingd®reeess @dep $HDghness Ra) of no | ess than

0.01 pmand |ess than O 1 pm was used. At _this tine, the Xi mum .
tenperature DFXY HE fa’irael?org‘?fgproéeﬁé‘rgi BHcot _"flllrh? %ﬁ@ﬁedt hgn"r‘rﬁ’fﬁ eprtgnaggcessing
was se : .
ws bR Ediang ke pc B O B E B ER} etk Bk Bamteing of
f or m nguteasirampeentigideridopBesi MdgnéStirouhifarend entl Yoftedn) @fteofhe lsBHEIAB process.
inner hole) and CD (an outer shape)) to obtain a glass substrate _
havi ngChameuingmreficasteg isrshafe BBcespng il whichdhe pater ¢ivfumfeientiadead porftiopGind inner
nm Exanple.2 .. | n Ex le 2 illustrated in Table 1, pres

For i g e R ut 1T ehish sttalih BT A oPEsrShersis hgHTued betyeen a
Exanp! grideipd flicandt D&dé Qalll gagki érﬁﬁﬁ&fx whi mgp ot ERANsRES: di '
roughngrsls 1Fc))f no EImess tharai1 .110|ci)ﬁgsa fesag thlgér:po. pm M/gs%uséa?io%%gbra‘o’lve
maxi mugraire npBreatheméerofg dnpgke iglifor syampde d6us 60 degreésheitls aRpediBNhe hridSipaltace.
Exanple 1 and found to be 495C. A glass bl ank obtai ned after press

form nfP4R&% subjected to scribing in the sane manner as in Exanple 1

to obtain a gjass substrate having..an ter dianeter 65 mMm and a
central hol e&%i ane grruigé ﬁgﬁe%sm%gg%ggragwe gralﬁéﬁeﬂ S%é)arrpl e 3
ilTustrated jnhd 2Rh@ing prave@Ssideol ﬁkéﬂgab%vaﬁﬁiﬁlpﬁl%ﬁnbﬁ?hl%c@oﬂﬁ@%lass substrate
exhausting unit simlar to that in Exanple 1. A die, the formng

sur f aceftof theiind lpokiamh pwcéang procgh e swjedftedtn pesding perveSidg pmdhindng) using a
| ess tgaq1 2.0 gm, égs used. The maxi mumtenperature of the die was .
measur 8019!f 3958 SERMDSARRAGFSA8ClPAing \ZapiaNe geah Mmechating tPrranplre thoyerinding

025 A AP LA LR TR PSR e

out er diiadiag epp@itu®mclitledngait of @Ppéraind Neker sltRBEpEfes PlippeP sit¥ace [pPRE Lld lower
The surface roughness of the formng surface of the die is

r epr eséyiiasg phatelaand pidlasastbsratreiarhelobeiivaes heRwpdesurfied plate dndSthe lower surface
B0601: 2001 d, for exanpl be neasured, with roughness _neasuri

maohi By, BRomorie Msat e ol PoRe Spates Pty 4 6 1GHA® SfHeE Pltedne glass
by a i i 0 : t i: e

Phan 0 GpRteCRll QR shilack Flafde SERAMELy MR McleBY SO Biindifu el et glass
r oughnedstrate cn 88 gimadr | ess, for exanple, the roughness can be

measured Wi th a scanning, probe mcroscope (atomc force m croscope) .
nanoscope mabufgcRrasetorping/pweess| Hsthisuerabedimente 2 gaw elark baving extremely high

cal cul ated b nmet hod defined in JIS R1683: 2007. |n the present
appl | BEIPGH, Ot fpr AR re 0% NELE B0 G R 90 MipcelBie g RAORE Process may be
resol ubi@fedof BRRGe )Eh&?—%@ncﬁi_}égf&eésn adapPRRS PrRERNhaPbePePbrnidd RMgXa H0utlP faces
square was used. [0068] [Table 1]
grinding apparatus similar to the apparatus used in the grinding process and an alumina loose
abrasive grain.

When the anthmetical mean roughness Ra of the principal face of the glass blank
immediately after press forming is 0.1 um or less, target surface properties of the glass substrate for
magnetic disk can be obtained even if the grinding process is omitted.

[0056]
(e) Edge Polishing Process (Step S50)
Next, edge polishing of the glass substrate after the grinding process is performed.

In edge polishing, the inner circumferential end face and outer circumferential end face of
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Maxi mum t enper at ure of die Presence/ absence of nold rel ease materi al
Surface roughness of formng surface of die (Ra) Yield of scribing
(19/0) Eval uation

the glass substrate are subjected to mirror surface finishing by brush polishing. At this point,

slurry that includes fine particles such as cerium oxide as the loose abrasive grain is used. By

performing edge polishing, an impairment such as contamination by deposition of dust or the like,

damage or a flaw is eliminated, whereby occurrence of a thermal asperity and deposition of ions of

sodium, potassium and the like which may cause corrosion can be prevented.

[0057]
(D First Polishing Process (Step S60)

Next, the principal face of the glass substrate after the edge polishing process is subjected

to first polishing. For example, first polishing has the machining allowance of several

micrometers to about 50 micrometers. First polishing is intended to remove the flaw left on the

principal face after the grinding using the fixed abrasive grain, the strain and the micro-surface

irregularity (micro-waviness and roughness). In the first polishing process, polishing is performed

while a polishing solution is fed using a double polishing apparatus having a structure similar to

that of the apparatus used in the grinding process. A polishing agent contained in the polishing

solution is, for example, a cerium oxide abrasive grain or a zirconia abrasive grain.

[0058]

In the first polishing process, polishing is performed so as to have a surface roughness (Ra)

of 0.5 nm or less and micro-waviness (MW-Rq) of 0.5 nm or less for the principal face of the glass

substrate.

The micro-waviness may be represented by a RMS (Rq) value calculated as a roughness at

a wavelength bandwidth of 100 to 500 pm in a region of 14.0 to 31.5 mm radius in the whole of the

principal face, and can be measured using, for example, Model-4224 manufactured by Polytec Inc.

The surface roughness is represented by an arithmetic mean roughness Ra defined in JIS

B0601:2001 and, for example, can be measured with roughness measuring machine SV-3100

manufactured by Mitutoyo Corporation and calculated by a method defined in JIS B0633:2001

when the roughness is no less than 0.006 pm and no more than 200 pm. When as a result, the

roughness 15 0.03 pm or less, for example, the roughness can be measured with a scanning probe

microscope (atomic force microscope) nanoscope manufactured by Veeco Instruments Inc. and can

be calculated by a method defined in JIS R1683:2007. In the present application, an arithmetic

mean roughness Ra as measured in a resolution of 512 x 512 pixels in a measurement area of 1 pm

x 1 pm square can be used.

[0059]
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Exanpl e 1 495C Absent 0.01 pmor nore Less than 0.1 pm 100 Very good
Exanpl e 2 495C Absent 0.1 Jimor nore Less than 0.5 pm 99

(2) Chemically Strengthening Process (Step S70)

Next, the glass substrate after the first polishing process is chemically strengthened.

For example, a mixed solution of potassium nitride (60% by weight) and sodium sulfate
(40% by weight) can be used as a chemically strengthening solution. In the chemically
strengthening process, a chemically strengthening solution is heated to, for example, 300°C to
400°C, a washed glass substrate is preheated to, for example, 200°C to 300°C, and the glass
substrate is then dipped in the chemically strengthening solution for, for example, 3 to 4 hours.

When the glass substrate is dipped in the chemically strengthening solution, the lithium ion
and the sodium ion in the surface layer of the glass substrate are replaced, respectively, by the
sodium ion and the potassium ion which have relatively large ion radiuses in the chemically
strengthening solution, so that a compressive stress layer is formed on the surface layer portion,
thereby strengthening the glass substrate. The glass substrate subjected to the chemically
strengthening treatment is washed. For example, the glass substrate is washed with sulfuric acid,
and then washed with pure water or the like.

[0060]

(h) Second Polishing Process (Step S80)

Next, the glass substrate after chemically strengthening process is subjected to second
polishing. Second polishing preferably has the machining allowance of about 1 um, specifically in
arange of 0.5 to 2 um. If the machining allowance is less than the range, the surface roughness
may not be decreased sufficiently. On the other hand, if the machining allowance is greater than
the range, the deterioration (such as roll-off) of the edge shape may be caused. Second polishing
is intended at the mirror surface polishing of the principal face. In second polishing, for example,
the polishing apparatus used in first polishing is used. At this point, the second polishing differs
from the first polishing in the following points: the kind and particle size of the loose abrasive grain,
and hardness of the resin polisher.

For example, the slurry of the turbid fine particles such as colloidal silica (particle size:
diameter of about 10 to 50 nm) is used as the loose abrasive grain used in the second polishing.

The polished glass substrate is washed with a neutral detergent, pore water, IPA or the like
to obtain a glass substrate for magnetic disk.

It is not necessarily essential to perform the second polishing process, but it is preferable to
perform the second polishing process because the level of the surface irregularity of the principal

face of the glass substrate can be further improved. By performing the second polishing process,
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Very good Exanple 3 495C Absent 0.5 kun or nore Less than 2.0 nm 95

Good [0069] [Evaluation of Exanpl es] The evaluation in Table

1 was perforned by scribing 100 gl ass bl anks for each Exanple, and by
determining a rate of the nunber of glass blanks that could be cut

i nt o atlei mlacgiab fesewndyhbel prefieallg nhadead taeel a roughniessh@®ay of ﬁrlgeuh foe &dss, @1d even
cracks which are not fixed in a subsequent process (yield o

scri bi Agre mokraphy i Gh BRi CBriess: wer be arincingl ofgee way ybf‘gd’é%fel'ﬁhbf ynaleqto have
(% of miétol \PM%SL %M%@%q?of i or less, and even more preferably 0.1 nm or less.

[0061]

As described above, the method for manufacturing a glass blank for magnetic disk in this
embodiment includes a press forming process of direct press-forming a lump of molten glass using
a pair of dies. In this forming process, since the molten glass is not in contact with only one of the
dies for a long time, and the temperature of the die, over a period of time until the molten glass is
separated from a pair of dies after coming in contact therewith is controlled to be lower than the
glass transition point (Tg) of the molten glass, it is not required to attach to the surface of the die a
mold release material for preventing the molten glass from being fused to the die. Since the
molten glass is not fused to the mold, the surface roughness of the press forming surface can be
made extremely small, and the press forming surface is shape-transferred, so that the surface
roughness of the glass blank obtained by press forming is extremely small. Therefore, in the
scribing process as a subsequent process, a scribe cutter is applied to a smooth principal face having
an extremely small surface roughness, and the circularity and concentricity of two
concentric-circle-shaped plane-cutting lines formed by the scribe cutter are at an extremely high
level. As a result, the circularity and concentricity of the outer shape and the central hole of the
glass substrate obtained by scribing become extremely high.

[0062]

[Magnetic disk]

The glass substrate for magnetic disk is prepared through the processes described above.
A magnetic disk is obtained in the following manner using the above-described glass substrate for
magnetic disk.

The magnetic disk has, for example, a configuration in which on the principal face of the
glass substrate, at least an adhesive layer, an underlying layer, a magnetic layer (magnetic recording
layer), a protective layer and a lubricant layer are stacked in this order from the side closest to the
principal face.

For example, the substrate is introduced into an evacuated deposition apparatus, and the
adhesive layer, the underlying layer and the magnetic layer are sequentially deposited in an Ar
atmosphere by a DC magnetron sputtering method. For example CrTi may be used as the adhesive

layer, and for example CrRu may be used as the underlying layer. For example a CoPt-based alloy
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Good: The yield (% of scribing is no less than 95% and | ess than 98%
Fair: The yield (%9 of scribing is 90% or nore and | ess than 95%

[ 0070] In Exanples 1 to 3, the surface roughness of the

princi pal face of the glass bl ank obtained after form ng was al nost

| dent i ealy BeOudeensSHe h@RetiOLghNesSs)fa Chr-BRedaNgy sHFERCRse allbeniBhd a L,
because a nold rel ease material was not used. It was confirmed that

part i cardgrgdystiveane nig beudepagited to doh aesagnéiRajayorf for heatf assinted gnapnefiqoeording.

f th ld is 0.5 | , t iel.d of scribing beco
AR AT R OO T ne—
g Rt e e T

used t eshpsiblor maghetics sorBrdengd afeliignica@ bei o nplteseatict, ahd [(HkaAPHSr 4an be
to 6). The highest tenperature of a die was controlled to be 610C _
The gl &y8ed divparnlyingn fos sexgmple, (OFE Eefpseiuosenelyatierh sntooht awetectj\@olrggr by a dip

[ ass Qsition in Exanples 4 to 6] dass material including, as a
gl ass g%n%%s}ﬁtﬁ%(ﬁ expressed in nol% 56 to 75% of Si 02,

[Examples]

[0063]

The present invention will be further described below by way of Examples. However, the
present invention is not limited to aspects described in Examples.
[0064]

(1) Preparation of Molten Glass

Raw materials were weighed so as to obtain a glass having the following composition, and
mixed to obtain a mixed raw material. This raw material was put in a melting vessel, heated,
melted, clarified and stirred to prepare a homogeneous molten glass free from a foam and an
unmelted substance. A foam and an unmelted substance, deposition of crystals, and contaminants
such as a refractory material and platinum forming the melting vessel were not observed in the glass
obtained. The glass transition point (Tg) of the resulting molten glass was 150°C.

[Composition of glass]

Amorphous aluminosilicate glass having a composition including 50 to 75% of Si0O,, 1 to
15% of Al>O3, 5 to 35% in total of at least one component selected from Li,O, Na,O and K>0, 0 to
20% in total of at least one component selected from MgO, CaO, SrO, BaO and ZnO and 0 to 10%
in total of at least one component selected from ZrQ,, TiO;, Lay0s, Y203, Ta:0s, Nb,Qs and HO,
in an oxide-based conversion expressed in mol% . A glass transition point (Tg) is 505°C, and a
linear expansion coefficient is 80 x 1077/°C.
[0065]

The above-described molten glass was provided, and a glass blank having a diameter of 75
mm and a thickness of 0.9 mm was prepared using the press forming method described above
(method using the apparatus in FIGS. 3 and 4). The temperature of a molten glass material Lg
discharged from a molten glass outflow port 111 was 1300°C, and the viscosity of the molten glass

material Lg at this time was700 poise.
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Ito 11% of Al 203, nore than 0% and 4% or |ess of LiZ20, 1%or nore and

| ess than 15% of Na. 20, and 0% or nore and | ess than 3% of 1(20, and

I's substantially free of BaQ a total content of alkali neta

oxi des selected fromthe group consisting of Li20, Na20, and 1(20 is

in a range oThé&mbberd glss matenildrs diathargedfircmn e antlientglas$ olifld® oot H1 was cut by a

content of Na2Q (Li20/Na2Q) is |ess than 0.?0; .a nmolar ratio

of a CSWflé&Pn’(Sfmé@@ thef %ﬂ% Goaving anbiskresop! thast 30 kam s fomd. oliiccand Go was
K. 20/ (Li.20+ + | : : t gt gl

LIS B DRROLIER b oD E 8P B s o B g SO 3} cavl v o

MJO, Cafkeraidh tBe Gldss tlafisiflod angRrhirel@ o} of #%holtent Gidl maerdiesd af a MBS blank

and CaOis in arange of 10 to 30% a nolar ratio of the total
cont enhawuhg My@metat o€OmM wdsdomwdal content of the al kaline-earth

nmet al g@l’?gﬁs {(MyO+Cal)/ (My0+Ca0+Sr0)} is 0.86 or nore; a

t ot al nt of the alkali nmetal oxides and the al kaline-earth netal
oxidesisin_%(e{n@qaof 20 to 40% a nolar ratio of a total
content of MO, ., and Li20 to the total content of the alkali

met al oxi desIraRgamaplkal ilnetre@d tih Tableal, OKéad@%hausting unit illustrated in FIG. 8 (a) was

{ (My0+CaO+Li 20) / ( LI 20+Na20+K20+My0O+Ca0+Sr0)} is 0.50 or nore;

provided over the whole area of the forming surface of a die, and press forming was performed.
The heat exhausting unit was formed of copper and had a thickness of 30 mm. A die, the forming
surface (particularly contact surface that is in contact with a molten glass) of which had a surface
roughness (arithmetic surface roughness Ra) of nio less than 0.01 pm and less than 0.1 pum, was used.
At this time, the maximum temperature of the die, over a period of time until the molten glass was
separated from the die after coming into contact with the die, was measured and found to be 495°C.
A glass blank obtained after press forming was subjected to scribing (simultaneous formation of ID
(an inner hole) and OD (an outer shape)) to obtain a glass substrate having an outer diameter of 65
mm and a central hole diameter of 20 mm.

- Example 2

In Example 2 illustrated in Table 1, press forming was performed using a heat exhausting
unit similar to that in Example 1. A die, the forming surface of which had a surface roughness of
no less than 0.1 um and less than 0.5 pm, was used. The maximum temperature of the die was
measured in the same manner as in Example 1 and found to be 495°C. A glass blank obtained
after press forming was subjected to scribing in the same manner as in Example 1 to obtain a glass
substrate having an outer diameter of 65 mm and a central hole diameter of 20 mm.

- Example 3

In Example 3 illustrated in Table 1, press forming was performed using a heat exhausting
unit similar to that in Example 1. A die, the forming surface of which had surface roughness of no
less than 0.5 um and less than 2.0 pym, was used. The maximum temperature of the die was
measured in the same manner as in Example 1 and found to be 495°C. A glass blank obtained
after press forming was subjected to scribing in the same manner as in Example 1 to obtain a glass

substrate having an outer diameter of 65 mm and a central hole diameter of 20 mm.

[0067]
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a total content of oxides selected fromthe group consisting of Zr02,
Ti 02, Y203, La203, Gd203, Nb205, and Ta205 is nore than 0% and 10%
or less; and a nolar ratio of the total content of the oxides

to a content of Al 203 {(Zr02+Ti 02+ Y203+

La203+Gd203+1the Odfake 200k 08{hel BrfindOsubfacdrof e §i0Q7 3&991‘%@6%6@ Wf an arithmetic
scribing in Exanples 4 to 6 is as follows. Exanple 4: 98% Exanpl e 5:
97% Exawph eoughneyRq defingdl in JIS BOGO1R ard nfor exagplasean(brgme®88€, with roughness

average |inear e ggmqgﬁ%b%%% Pmﬁ‘t‘%&% err%at%(g%ae lgsﬂlﬁll%%%gyélsmethod

300C i §eggneage
1 3 ' '
oo R, RBSTAN DhATGe AMRBRER) ISP 8 RXAIAC Rl i 200 um.

(Exanples 7 to 9 The hig

be 660@/hehha glasls, herpagintisos Redmi & lefie fex@aiphE nhe tdughbesk @hh GWSneasured
0075
[ ] with a scanning probe microscope (atomic force microscope) nanoscope manufactured by Veeco

Instruments Inc. and can be calculated by a method defined in JIS R1683:2007. In the present
application, an arithmetic mean roughness Ra as measured in a resolution of 256 x 256 pixels in a

measurement area of 10 um x 10 pum square was used.

[0068]
[Table 1]
Maximum | Presence/absence | Surface roughness | Yield of
temperature | of mold release | of forming surface | scribing | Evaluation
of die material of die (Ra) (%)
0.01 pm or more
E le 1 e Absent
xample 495°C sen Less than 0.1 pum 100 Very good
o 0.1 um or more
Example 2 495°C Absent Less than 0.5 yum 99 Very good
0.5 um or more
© A
Example 3 495°C bsent Less than 2.0 pum 95 Good
[0069]

[Evaluation of Examples]
The cvaluation in Table 1 was performed by scribing 100 glass blanks for each Example,
and by determining a rate of the number of glass blanks that could be cut into a disk shape without

being fractured, or without large breaks or cracks which are not fixed in a subsequent process (yield

of scribing). Evaluation criteria were as follows.
Very good: The yield (%) of scribing is 98% or more.
Good: The yield (%) of scribing is no less than 95% and less than 98%.
Fair: The yield (%) of scribing 1s 90% or more and less than 95%.
[0070]

In Examples 1 to 3, the surface roughness of the principal face of the glass blank obtained
after forming was almost identical to the surface roughness of the forming surface of the mold

because a mold release material was not used. It was confirmed that particularly when the surface
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[ @ ass Conposition in Exanples 7 to 9] Gass material including, as a
gl ass conposition expressed in mol % 50 to 75% of Si02, 0 to 5% of
Al 203, 0 to 3%of Li20, O to 5%of ZnO, 3 to 15%in total of Na20 and
K20, and 14 to 35%in total of MO CaO, Sr0, and BaO and 2 to 9%in
total ofughné&2 (R3) @xhe faRifg sf2R38 of Hix20381dTia DOBLmNI2ESs, tied/idhl 02 scribing becomes
nolar ratio [ 0+Ca0)/ (My0+Ca0+Sr0+Ba0)] is in a range of 0.8 to 1,
and a RcsRIY 4t [ Al 203/ (My0O+Ca0)] is in a range of 0 to 0. 30.
[ 0076] %ﬁld of scribing in Exanples 7 to 9 is as follows. Exanple 7:
97% Exgrrpl 8: 96%

Next, glass (Tg: 630°C, average linear expansion coefficient when a temperature is 100 to

300°C is 80 x 107/°C) which has a different composition from Examples 1 to 3 was used to
perform the same experiment as in Examples 1 to 3 (Examples 4 to 6). The highest temperature of
a die was controlled to be 610°C.

The glass composition used in the experiment is as follows.
[0072]

[Glass Composition in Examples 4 to 6]

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

56 to 75% of S10,,

1 to 11% of AL, Os,

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

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

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

a total content of alkali metal oxides selected from the group consisting of Li;O, Na,O, and
K0 is in a range of 6 to 15%,

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

a molar ratio of a content of K;O to the total content of the alkali metal oxides
{K>0/(Li;O+Na;O+K,0)} 1s 0.13 or less;

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

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

a molar ratio of the total content of MgQO and CaO to the total content of the alkaline-earth
metal oxides {{MgO+CaO)/(MgO+Ca0O+Sr0O)} is 0.86 or more;

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

a molar ratio of a total content of MgO, CaO, and Li,0 to the total content of the alkali
metal oxides and alkaline-earth metal oxides
{(MgO+CaO+Li,0)/(L1,0+NaO+K,0+MgO+Ca0+8r0)} is 0.50 or more;

a total content of oxides selected from the group consisting of ZrO,, TiO,, Y,0;, LayOs,
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Exanple 9: 91% [ 0077] As seen from conpari son of Exanples 1
to 3 and Exanples 4 to 9, the yield was decreased when Tg of the

gl ass was increased. As a cause of this had been investigated, a
break or a crack was found to be occurred on the OD side.

Fur t he GapD & NBOS tahe T8,Gitik #lofe than 8Yshiriet0% bi kkdess direction of a
gl ass bl ank was exanm ned by use of a Babinet nethod, and a stress
strain was foumedariratipef hedotrl exntant of He GBlssitee.coMisanof Al.Qe M{AOof Til,+ Y205+

cutting line o t | R side and the OD side was nade to be

o P G aDs B baTA S S i Sndls Co the ob si da 3. 2 1+ wes

higherﬁghgs that applied to the ID side in the scribing process, and
eva

the sa luation as in Exanples 4, 5, 7, and 8 was perforned.
Consequent | yYieyd of stribag ih ERaopRe 4806 iy@sfod8¥sor nore in all Exanples.
[ 0078] Next, yield of scribing was eval uated by using a gl ass
bl ank made oﬁxﬁﬁﬁﬁéFégé used in each Exanple with dies, each having
di fferent suEfacq roggpness. The result is shown in Table 2 bel ow.
COnsequentIy,X?Ppﬁgs €en found that the highest yield can be
obt ai ned whepxihgestbiqce roughness of a die is 0.1 pmor |ess.
[0079] [Table 2] Surface roughness of formng surface of die (pm

G ass ¥P¥d]in Exanples 1 to 3 G ass used in

Furthermore, glass (Tg: 680°C, average linear expansion coefficient when a temperature is
100 to 300°C is 80 x 1077/°C) which has a different composition from Examples 1 to 3 was used to
perform the same experiment as in Examples 1 to 3 (Examples 7 to 9). The highest temperature of
a die was controlled to be 660°C.

The glass composition used in the experiment is as follows.
[0075]

[Glass Composition in Examples 7 to 9]

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

50 to 75% of Si0,,

0 to 5% of AL O3,

0 to 3% of Liz0,

0 to 5% of ZnO,

3 to 15% in total of Na,O and K»0, and

14 to 35% in total of MgQ, Ca0, SrO, and BaO, and

2 to 9% in total of ZrO,, Ti0,, La;0s, Y203, Yby03 TaOs, Nb,Os and HO,,

a molar ratio [(MgO+CaO)/(MgO+Ca0+8rO+Ba0)] is in a range of 0.8 to 1, and

a molar ratio [Al,O3/(MgO+Ca0)] is in a range of 0 to 0.30.
[0076]

Yield of scribing in Examples 7 to 9 is as follows.

Example 7: 97%

Example 8: 96%

Example 9: 91%

[0077]
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Exanples 4 to 6 Jass used in Exanples 7 to 9 0.01 to 0.1 100% 98%
97% 0.1 to 0.5 99% 97% 96% 0.5 to 2.0 95%

As seen from comparison of Examples 1 to 3 and Examples 4 to 9, the yield was decreased
when Tg of the glass was increased. As a cause of this had been investigated, a break or a crack
was found to be occurred on the OD side. Furthermore, a stress strain in a sheet thickness
direction of a glass blank was examined by use of a Babinet method, and a stress strain was found
to be occurred on the OD side. Then, a depth of a cutting line on both of the ID side and the OD
side was made to be 0.1 mm by applying a pressing force applied to the OD side 1.2 times higher
than that applied to the ID side in the scribing process, and the same evaluation as in Examples 4, 5,
7, and 8 was performed. Consequently, yield was improved and was 98% or more in all
Examples.

[0078]

Next, yield of scribing was evaluated by using a glass blank made of the glass used in each
Example with dies, each having different surface roughness. The result is shown in Table 2 below.
Consequently, it has been found that the highest yield can be obtained when the surface roughness

ofadieis 0.1 um or less.

[0079]
[Table 2]
Surface roughness of Glass used in Glass used in Glass used in
forming surface of die (um) Examples I to 3 Examples 4 to 6 Examples 7 to 9

0.01to 0.1 100% 98% 97%
0.1t0 0.5 99% 97% 96%
0.5t02.0 95% 93% 91%

[0080]

The embodiments of the present invention have been described in detail, but the method
for manufacturing a glass substrate for magnetic disk according to the present invention is not
limited to the aforementioned embodiments, and it is needless to say that various modifications and

changes may be made without departing from the spirit of the present invention.

DESCRIPTION OF REFERENCE SIGNS

[0081]
l... glass substrate for magnetic disk
2. central hole
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93% 91% [ 0080] The enbodi nents of the present invention have
been described in detail, but the nethod for manufacturing a gl ass
substrate for magnetic disk according to the present invention is not
limted to the aforenenti oned enbodi ments, and it is needl ess to say
t hat vayh®usclam@dfis:cati ons and changes nay be nade wi thout departing
fromthe spirit of the present invention. DESCRI PTI ON OF REFERENCE
SI GNS [10081] AImetheyl fos snapubisturiape dlass sumgatt focmed gsdiceliskt ﬁmlmétbcbcbc;mwm;ﬁng:
is claimed is:. 1.. A nethod. for., mnuyfacturing a_ gl ass substrate for
magnetic di sk fOTHRE RCRSLIISHBINES %@k's%ﬁpﬁér&?ﬁsﬁé?aﬁké’é’égéecbpmﬁ%ﬁ%ﬁinl’*ijea glass
di sk-skg?g?qi rans: Hgank by direct-pressing a nolten glass by a pair
of dies; né > "a shape processing process of performng at |east
one of innerakbime frotwsingQRo@Rs 0P YeEsmERRRE1hST TRt & fOMnérOkolé Friafin And outer
di sk-shaped gl ass substrate by formng a cutting line on the o
pri nci pedpeffpmeation fohfergingssdipi-slrdped ks swetdathpydomvingg cutiimgdine oinribe principal
line t er.formcuttin wherein, in the formng process,
press ?%El%f hbe gm?séwo&’?ﬂﬁ&'eq\mﬂgé{mﬂﬂg TSR P O%g‘ltﬂ%w of dies,
over a peri ogngfeid 'iﬁrﬁleufahhlnga%ﬂ@sgﬁgeﬁlfgﬁﬁin S PERFLALEHTd ﬁ{g‘télﬂﬁefrgtluiee of the
after comng into contact wth the 'die, 1s Set at a tenperature [ower
t han apgk af diesy aves iat pepind pditinte (nfd)a aoleragla®d d segdratas grompiterdi@hftéScongihg into
attached to the surfaces of the pair of dies. N ]

contact with the die, is set at a temperature lower than a glass transition point (Tg) and a mold

release material is not attached to the surfaces of the pair of dies.

2. The methed for manufacturing a glass substrate for magnetic disk according to claim 1,
wherein the arithmetic mean roughness (Ra) of the contact surface that is in contact with the molten

glass in the pair of dies is 0.5 um or less.

3. The method for manufacturing a glass substrate for magnetic disk according to claim 2,

wherein the arithmetic mean roughness (Ra) of the contact surface is 0.1 pum or less.

4. The method for manufacturing a glass substrate for magnetic disk according to any one of
claims 1 to 3, wherein in the forming process, the falling lump of molten glass is press-formed in a

direction orthogonal to the falling direction using a pair of dies.

5. The method for manufacturing a glass substrate for magnetic disk according to any one of
claims 1 to 4, wherein, in the forming process, press forming is performed so that the temperature

of portions of the pair of dies, each contacts the molten glass, is substantially identical.

6. The method for manufacturing a glass substrate for magnetic disk according to any one of
claims 1 to 5, wherein in the shape processing process, an inner hole formation and an outer shape

formation are performed at the same time.

7. The method for manufacturing a glass substrate for magnetic disk according to any one of
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2. The nethod for manufacturing a glass substrate for magnetic disk
according to claim1, wherein the arithnmetic nmean roughness (Ra) of
the contact surface that is in contact with the nolten glass in the
pair of dies is 0.5 1.tmor less. 3. The nethod for nmanufacturing a
gl ass slahfd 1 a6 6, Woéreitnigied sitpe bfdceOprdtdg, 4 presdigd fordk appied & A clitifg line for
arithmetic mean roughness (Ra) of the contact surface is 0.1 ftmor

| ess. an outpnshanst hodaticaris heghet Sunur priessing fires epndigd $e pavdingdinenay e tinnsr hole
di sk agcording to any one of clains 1 to 3, wherein in the formng
process™AH8%f al [ing lunp of molten glass is press-formed in a
direction orthogonal to the falling direction using a pair of dies.

5. The nmethod for manufacturing a glass substrate for magnetic disk
according to any one of clainms 1 to 4, wherein, in the formng
process, press formng is perfornmed so that the tenperature of
portions of the pair of dies, each contacts the nolten glass, is
substantially identical. 6. The nethod for manufacturing a gl ass
substrate for nagnetic disk according to any one of clains 1 to 5,
wherein in the shape processing process, an inner hole fornmation and
an outer shape formation are perfornmed at the sane tinme. 7. The

nmet hod for manufacturing a glass substrate for magnetic di sk
according to any one of 32 clains 1 to 6, wherein in the shape
processi ng process, a pressing force applied to a cutting line for an
outer shape formation is higher than a pressing force applied to a
cutting line for an inner hole formation.
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