#1: 1111111111111111111112112111111111211111 * 59 59* METHOD OF PRODUCI NG (LASS
BLANK FOR SUBSTRATE OF | NFORVATI ON RECORDI NG MEDI UM \\MMWI““E?
| NFORVATI ON RECORDI NG MEDI UM AND | NFORMATI ON RECCORDI ND
MANUFACTURI NG APPARATUS FOR GLASS BLANK FOR SUBSTRATE OF +f4:h-ORVATI ON

RECORDI NG MEDI UM TECHNI.CAL _FI ELD 100011This invention relates to a nethod
of produci nb’ﬂ_aTHIQJ%SOBIPM%I%Gs@bé\tSrSaBéAONKaﬁOR SURSI AT EoREr ecor di ng
medi um Iﬁpﬂiﬁ%{ﬁ%ﬁ\l %Eé&}i&ﬂfﬁé”ﬁfﬂ&?ﬁj %ﬂ?'ﬁiﬁ“ IﬂﬁbﬁMATION

10i nformation recordi ng nedium and relates to a manufacturing apparatus
for t heR@ICGE3RDINan M EDITUNMEASIDINFO RMAT I R PEQRBINGNMESIYBI; gNDedi um
BACKGROUND 0002$As-a substrate for a high-density recordi ng nmedi um such
as a hdYldNVERCRURINSS AP RAK US\ROHh GLsA 8S i ANGE A1 QR ISR SGIRSKE @Y di ng
product, is used. In [ k ced by shaping a
blggk (gob) of heatedq§ﬁ§5%é?%gg55€§§§§3§kﬁﬁg3%?%@%pﬁg t he gob between an
upper nold and an | ower, nold and cooling the gob, using a device described
i n Japanese Patent Publication No. 3709033 (hereafter, referred to as

pat ent I pecifically, the gob is dropped on the |ower nold, and
t hen t pe I i , Si ng
tho. gob IIF e Sk Hecr 3 abt kS o s 3HERG SPprshidfng 31Hss TR o RRUSRUESERET,
i npr oV enfemhAioneresmditid hiedivaf, 4 Reb@taas of haikornta€op aeesrding Smediuinh end pper
mol d and the |lower nold are controlled to be |ower than a glass transition
t ebper dtformestion reersdiggbnedivnoafd-idlatae o a mpnufstugiag; appargbis der Beklass Yhankent
documepl, o <l dPtnd ePROANE bl Hhag8n200! ank efficiently, a plurality
of | ower nofé% are prepare or one “upper plate. After the shaping of the
gl ass bl ank between the upper nold and one of the plurality of |ower nold
has been finished, the upper nold is separated fromthe |ower nold and

per f or BAGRGROMNIBf anot her gl ass bl ank with another |ower nold. The gl ass
bl ank | ken out .fromghe .l. r ol d ich has bee e t fr t he
apper 108" oA Y O RbF Rt G BEns e n iy S A3PRED, A8 o 20 e
gless blaaRkwhish 04 thshethtalie gbds, mélagiggRyddceripusd. a islbedershdpethss blask iat e
for recording information, ich is shaped in a true circle, and whose

sur f acerddyced hy stheping « dlagknigobbof dgatedcand malted lassrawhibh pinsbmedihegeabedi um

(a platter of a hard disk) is for t br ough formng.an i.nf.or nati.on, .
Fecor aphg e Ryn b Bpld Eblar Byl bR LRI hE b APl o8 fRel88 n
111111 3dphhdsbl pdiddel dBiichEidd INd. 13406033 Lhdrei RO QOR red SHLS! pat@ Hefuni@eandi ng
i nformation. SUMVARY OF THE I NVENTION [0004]In this nmanner, in the

conf i gipetifieadlyothegabandroppediae the lowet , and feen the bppas nepld ppédvan towardne
| oper | d. Therefore, a |ar te rature difference arises between; a
LT o ol BIE Béron eS8 d EFP BRAIHh e bbdof oS St i BReel R b

por ti oaddfiod, N8 dr@Wa6 ifiPtde BNld sepHAeHiaHyEL theB1RE bhAk, RMpeRGurtOVEIhe@ber | N
addition, since the heat on the gob is deprived fromthe portion contacting
wi t h t hld ekthedower mald arasentzelladdo dedovemntham pigtass tronsitidretegnpigrati@g o the
deformatjon of the ower nold or a tenperature gradient on the gob affects
on a 1§°?Iatness of the surface of the glass blank and a thickness of the

gl ass phow3k. FOrtRrdRrthé Qehiay BeRriBtARSpddRAcwhéM 12iMb@br fol FHbMREShe blascan be
considered to set the tenperature of the upper nold and the | ower nold

hi 2fher blankreffitientdy, sas pluralin siftlpwar mohdsearst prepared fothengyopper| platehi dfiendles i n
or e ARl USSR SR A TuEREl) Bk 1 KBRSl PR B e
nol d aBeert Afish€ahe MPh&- mold is separated from the lower mold and performs shaping of
another glass blank with another lower mold. The glass blank is taken out from the lower
mold which has been separated from the upper mold, and the lower mold is cooled. Then, at
30 a next step, the glass blank is polished and cut, thereby forming a disk-shaped substrate for
recording information, which is shaped in a true circle, and whose surface is finished like a
mirror surface. An information recording medium (a platter of a hard disk) is formed

through forming an information recording layer, such as a layer of a magnetic material, on the
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<15 However, when the rel ease agent is used, a surface roughness of the
gl ass bl ank becones large, and it takes a longer tinme for the polishing
process. Further, there is a problem such that at the polishing process a
| arge anpbunt of waste materials occur. [0005] Further, a magnetic disk
formed qf the gl ass. blank, which is for a hard disk device, i.s in a very
cl ose pt ?P‘iﬁ’iff’ﬂ/reE%ﬂng&mg)rWﬁi‘O‘i-o a magnetic head for reading information
fromand 20 witing information to the nagnetic di sk, when the hard disk
device is in use. In order to allow the magnetic head to read fromor wite
t 0 t heSAGMARY OHfi BIKE INVENSTIOROuUi red to retain a state where the magnetic
head is in the close proximty to the magnetic di sk, w thout contacting the
magnet [Q00REadIn this manpraghdhs eonfigkationimatept documpat dafribtthe g skdrppped
requir r i ng j i - nd t he
et P HoReY fofl,  CREEhDa S Bafetired dncieftd d B MRS E B ARES AR, Lo
above, ldwertreld ao fhigh tht gobncodtacpsit 8kt atb chenmhdr portiéh pf thedbivey mold, laawer
nol ds are prepared for _one upper nold. Therefore, the anpunt of heat that
t he uppefPrpgian péeceiopetheilpwer eld dp addifionpsiaeerie Beay opathe tgohds dgprivedr ge as
the a t 2of - - I ecel ' n] tl r this
reaso E?H&hglgcpodgﬁ% 86%%&?%;\2%}&1 g%geg)f“%? ﬁgo}g’p% gérrxﬁcg?tggii% alri:lg{é%%g{e% O%gﬁ % gtgg'hi gher
t han t Bath afdeférationaf thellcwerTmald bf a tt@etaanP graliemt @nofhet dod afifgeey onwl d
varies Iarge(iéhi n an extrenmely short cycle. Regarding the upper nold whose
g

t ekfber Balge ¢ aurfacy of dhoyglagsiblykagnd a Gickeessabithe glassilanka therdesipbavgt ur e
of the f | d: I t. ' . ! e r it is
necess iy o Vihd G ks LB bY oAt 1d ARThe IR, per 1o

| oner moldlandhe doweshidld higheg tiaa shdlassrdnsition temperhtireo frhageb. WHartkis tche,
tenperatures of the upper npold and the |ower nold are different from each
ot her . 1N ArdeRjte avgik adhasion; ehpetlatsumategphtn Sift uprer daRldetnd pwasengldadisish| ank

in the LGKN Lrechi r eof, ihilLi '

{1 at not SRR Sp I AERE kil pfle BORSik OAF R WU A8 1
plxdg e Howekereswhehaho melsasaaipant fsonsa, 4 QOFAde Tidasiafees of thhglasPhRAk Getgné
magnetic disk for a hard disk device with the glass bl ank which has been
manuf at¥gs @ad b ekes mlongex time foF thspobighing peessesat Further these fseqypioblaan surh

per f or - @r i ndi o] : inprove its surface
flat negﬂggt(r:t{ég?glé%lﬂa%ﬁog%s %g?(rgﬁ %Bgﬁrgttog%\?%lecrﬁ&ntgrs“}sls éér)ﬁuf'or m and after that, it
i's req(ooosp t Bufiedrf DmapReticadisiefortied bf thag1d0 bim@RCeERh i@ fori aed dRRAeOEer

ci rcunf erence glr ocessi n‘?’gagOltiSShi ?g, and a fhg;ﬂn%%i oqr;]mof_ ?ﬂ magne';ﬁi c g%yer

(i nf or HERIAGETY €O RICRENIDANEPYL > 0} oM agRebIc| I¢asdng 1BHITAGLPR GOBS is a
- pProgess i iiH}%%%Xt‘r‘o& H)et %%; A%Hc rd%llqj(gbv?.%r? She szersdiski 5eviicse {selglﬁisr et (Dr%tr ttohe
glass biank 'Ts Th a stz?te Wher & e atness accuracy i's Surfi & en 'y high,
prior aitowohd magigic {RAOSIAT fas ok vaktd taBRMBagretic idskNAtis ea@ired @ rdtdig a

manuf acturi ng apparatus descried in 15patent docunent 1 to obtain a glass
bl ank Halgi wgew Hiegmagneiicnbeas ey thec glosa paewimdiy miop thet magpitick disk.s withduta

sui tabl e rfagce roughness. Thus, it.is.reqguired to inprove.the flatness
and unlc?négér%n gﬁ? Rést %}Cc eﬁést%alehrfl%%lﬁhcfl hsé(‘ sg‘ﬁ rggoere’éﬁ? h“g‘gﬂ“gfc (g?li grre%l%e uci ng
t he gl askavelaagkordin@QA8héwaBdiHigoNatmas adcufednasd Bk ndReHe IRE id RguiaDret i ¢
di sk, besides the nethod of producing the glass bl ankg%t hr ough Igfqessi ng,

t e e havea yrafosmdhicknessi ch a sheet glass produced 20 with the float nethod

or. the draw et hod. i s precessgd and netic disk. i bt ai.ned.

Speci f l@gmqy As\ﬁa%cstbf’ @ﬁg Veedpngﬁlgsc_ém gurgien %ﬁﬁng%%lgi&c‘frﬂ?tjb?éy?%gl&ysﬁé% “Igl ass,
and af Rlidst d¥atpregalid foRWn8lupér Mbid)ThRFP6@Sthe dnktfint BRGEataRst Y uBper mold

ci rcunference processing, the polishing, and the formati on of a nmagnetic

| ayer Eaceivpemnfonmbd! timMhdeetnees seytrabgmss py lotiscs dhavimpurtt jof hadsdhas ometddwets have

a suffj cildentl. hi gh fl atfqess ceuracy nd tlhei r fhi cknes§ S are un'df orm

25Ther 8101 € 1 R frﬁ% u%oovemﬁceg‘%lr %B@&e%%%/’hgﬁ OUHE REFF Rt itﬁﬁ "RETHR e

omd t efeeds 99 bOk&INEIER thanl tRatl dTRh@RRMS B8 MOkt isS HROBmbB&nLE 51‘&1@'1\‘%?%Qidass i's
0

cut out fromthe |arge-sized sheet glass, the nmethod has a pr emin which
a | ar geargasolargelyofin ghaxsremgbeshat syde.eRegmdingithe cpngramobbwhase kenyresatmst hod

of producing .the. gl ass bl.ank by. pressing. 011l The present jnventi.on is
acnt overlioa Y isin Rl BHABLE Ry gt 6 E SoPa SRR o b W2

the glass transition temperature, it is necessary to set the temperature of the upper mold to be




30 Nanely, objectives of the present invention is to provide nethods of
produci ng a gl ass blank for a substrate of an information recordi ng nedi um
a substrate for an information recording nmedium and an information

recordi ng nmedium respectively, with which a glass bl ank whose surface has
a high flatness accuracy, .a uniformplate thickness and a suitable surface

r oughn&¥ercthian fhe Jpvss mald. Asde resuly Gvelaes Rlamknist loemed IR sfvamdiers i a

gl ass i o) i i . ]In

o dor (et oF RAREEL B0 Al 01 TR N SERAPRGL MR T ol 00

- manuf adicutenpgragurg lgeRibend livicdasédin the glast dramRtin die thékaedi digcigdihersofcadrai ng
to the present invention, a-gob of 5 glass material is cut out froma

nol t en PesHyLtymLisey that t}tsryﬂ%fnwiaﬁ@lr@%eofgﬂhawfm efr the |glass blamkrdgeagiorstendnd gl ass

mat er i I [ rned timng, and then, a press unit having a
pai? o@erﬂ%sﬂ',ﬁ%\%oigedgﬁn%ggléglgﬂoglgli ng to each other are press surfaces which
are pl 0089] W TherdtoranwhBepRANEaS a BhFENe ik fbr P 868 Qsskt dvideakith Mge grRabs of

the glass material between the press surfaces so that the falling gob of

t he gl Rkaakphieh has beepnmarfaginred with the ¢rviger efspatenidogement b.Gt isheeavisgd for ni ng
acirc | .at e- . ' [ | at.n a

gl ass g%‘gé%ﬁ %%?acg g%nlbglr?g??gg %? glj l?ggsé’cﬁt? Eééltnqu{rlg i) rgag -\?\lg{élﬁgsa&(ﬁ}n:agi? IZ&toand a
t hi ckneskeof plahethidiasss bhidotla, iadvifichitRataitr BNgguiedd for perfdrth A detet WWilling from
the gob of the glass material. [0013]Wth such a configuration, since the
gl B&s REACESS An HPeesad Quter sijeymiergace rseeessingf peleshing andea niormatidm o ashort
tinme, f i . t . by, e ure. gradient..are 15 pr.evented,
and al ?fr%gﬁ ét%”lygﬁ%él?% &pgn grgéa{) ?13%13?)%%0;@ﬁfh%};’t%ozlsgllnég@oﬁsa}iné% PRI tHar%f or e,
a gl asgrdeeanio igprbvgthe ke sdiighaee. f This)ess reg@tidamyt teblakliflakmsphal e

t hi ckness can be obtained, even if the tenperature of the nold is set to be
| ess t Hiate Whese fiedfbainesp aemiradydnsul@msatlnhighepridr to peliglings material . Furt her,

in thi figurati i nce.the ' eed 1o, |y a re]l ease agent to
the. mor 8T SRk BED LR LBy 18 UG Pab e fBtnt ek iR aRSr Y
208511 f paent det@heass 16 Whsdiaat ¢lads Blatabaling @ }ﬁgeﬂameisa&eufa@ﬁgilﬁﬁwfﬂatéwe
press surfaces) can be obtained. [0014]1t is preferable that the pressing
of t hetlyrlness pgd e ppisgblpsurfage repghagssunilhus. §t sgrQvitpdrtedmpuede the flatnepreand

e plrss: wad esnigblvgrise st soRey . ipgnd
b o SRR Rt R P bRl PR rdBR 0 SRR | < G cat er

than a[eio®¢ i M addigenzani aletf elfﬁﬁzﬁh@;iﬁ@ thé nladBet@OBisRf bdsliRs Fha sttt 6f i al
to a second condition, in which the distance between the press surfaces of

t he paProdygringdheiglagitiankathrousgh|pyessiigntictias amnqthodinswhigh asheet @lasepradopedof t he

t hy ckn e | ank 1thin,. 0,1 second af.ter th ob .of . t he ,gl ass
et o 1 B A AT B B b oy 5 R T Binahodlfic 4R% ¥ Lo PRAE: 51 e
that t gppefiedlyl ediskishhpal plRbY isQut 68 S5mathe obe@ddaihes d18ssbenBRhassat ian a
glass transition tenperature of the glass material. th such a

.conf i gaemien dilling pregghre sho mnse ek evicr piscughigeoncerprasessaig, drdpelishingpland thean be
preven .:[.0016] Addi ti anal | it.-1s preferable.that the |t | ass
nat er i tgf it ILsng k?g;ra]g%l eﬁlg%a}'%e%% ngrsfgmnca(fe(ra[{hglﬁgf}t glagses gro erragl‘ﬁ’&gghg ag%‘b" of

the gl agshometigivead shfficd@tiyerighyndmeskagasitdcynshd MeadasckRleaes drdeinddih he
nolten glass outlet so as to intersect with the glass material.

[ %A 7] Eoetekue, in threaboye lessaibedmgthedsthe sirfadegripdoscan befoadted.s pref erabl y

config within a range fromO0.01 umtq 10. m. Wth thi.s conf|gurat.ion,

Che SOMERL" b F B s Pnad S B Psfenaieh "pist S, F kMl e

range Yp&hizédsifeei flaky, thd @Ethad RES h pRIHIGE 38 whidhC1a8ge AnSRR ol $HsO thaRIRELSS .-

[ 0018] Further, a viscosity of the ?ob of the glass material is preferably
al

wi t hi nagg lpsinigecompans@owith thegBethddal prodwiingtherglass bbmkibyyressingn, t he gl ass
et er | fdﬂlﬁan lf’ge fp%srggtd irgvre]:nﬁlorfi ?ss iag}?lgvesdh?cp %vggc})rgie r]’thgl a%g\ger tdegcirlrlg%d problems.
30  Namely, objectives of the present invention is to provide methods of producing a glass blank
for a substrate of an information recording medium, a substrate for an information recording
medium, and an information recording medium, respectively, with which a glass blank whose

surface has a high flatness accuracy, a uniform plate thickness and a suitable surface



*[0019] Further, it is preferable that the gl ass bl ank manufacturing
apparatus is configured 10such that the pressing state is naintained until
the tenperature of the glass material beconmes |lower than its deformation
poi nt. [0020] Further, a method of manufacturing the substrate for the

i nformation recordi .mediumis characterized in that the glass hlank is -
manuf a&® ‘aﬁs\ﬁaflweafﬁ\?%? R4 (o Bevadcr Snplse “HﬁtaﬁBﬁféfusé’R(? g Rras orR ank
is gri Qﬁ{%@aﬁ%ft&ﬁ i@fogiiak%n%c&d&gqﬁedq&ﬁpl e with a 15 predeterm ned di aneter,
and after that, a polishing process Is applied. In this manufacturing

met hod [0 23 ur Irmcklegta avtlievg thesalwive assaibed apjeptivseRisa method @ff nmp@nfaeturing.a Thus,
t he sub%rg@e for the informati on recordi ng medi um can be produced with
fewer BHstRiakdor a[ndegﬂnam feqerdingmerimogqepidingtorthe BFraFHgnYRHPEN 2ob of

manuf a i | f e i At i I L i t he
S ubésjt r %%agg #ng%n?ﬁ{es%ﬁ? gtrffr%? %orﬂsl(r?ezlc%%séi ﬂn%%qn% I ur%ltt?ng tggﬁ%g%ﬁ%(g%ﬁgmdisﬁh%gé? above
descri fieeh agtakomhatetiaboitieent a pridetermined tintirg,ainditheh, hayess sintrtavingraygr on t he
substrate for the information recording nmedium [0022] Further, a

manuf a&tlds, figrosp saifanes daqieg thaanhs AberuE e syrfaes whighiers plangs witheutram e of
an inf i dj i ri Sesi rd eper at i ng
ani ¢t Ao e &% PECAGE L pfERs HH: GRIER LRFSF o URE TELE URV DR B0 1y
gl ass smffesks ab thanhe duliing gobi df tAB dlays Imiaiesdl @nglcasalymaitkrthalprastshfhceshat

di scharges a nolten glass material; and a cutting unit_that cuts out a gob
of 19 he thsrehysforaing 3 ciculer §a rlpte-shapadagiasy blank hawing @ taeetlataess ag a glass phatfe

Ui m ng £, TG A R S lalfgﬁé betdeBith iaﬁﬁ%@@inqlsa mgsssﬁ(tfl@g%§s {)ﬁﬁ];gl%g to
each other are press surfaces; and a no riving unit tha ves e pair
of nol @dthima ehingeof fromsS0f Do EROPY, danhihegobnd tiedass abdtargalt he pair of nolds to
each other. The press unit forns a pl ate-shaped gl ass blank 30 fromthe gob
of thelWlldks Nathesidh atsonbaymtipnneinthheantrspresieial gprerds fall pyergthgorresset ween
the pr @ér?acf%y bf ﬁlg%olﬁg 'ntzr'ﬁloptath{‘l%%ce{c{mﬁggns c;lmﬁe leo?cﬁsoiéj{ehl%(éleﬁurg %%drlle%t 2 each
other are tormed as planes w tHRout an unevenness. spacer 1s°provided to
ones of ptdventpd indoblmit €6 tahpeéraes igtddisnt Petwh o thd gldso nidediddr eBlersford, ace of
the one of the pair of nplds, and the spacer contacts with the nold facing
to t hesnbinkshaving eohigh eyrizeqiiflatngpc acweaanesnl thdomaiplate thigkness ceBrls ant .

[ 0023] [ t e Qgthr' par f inyent.ion,_ jt.isS
possi b@g&?{gg’rrggedlf gfc%hgrtg g agsolfl %ﬁ%@?aﬁk&%g;@ib%glegb%éélh%gtélk éa%ctéa'#sﬁté "ess,

an uni tefperglat 6 thbigdsoasserddld Bughir! mbihes Satiffedfion ObigEN &REe is no need to
5[ 0024] Further, preferably, the press surfaces facing to each other are
ci r cul apply adgleaseragentaiorsae nelds, tedlassblaak havingadinegiuriaperqyebaess énpmeddés and

oo o RGBSR A € Bl KRR o BRS) BGINA £

verti cabtaimiedf aces. [0026] The nold driving unit may nove the pair of nolds
froma first condition, in which 10 a distance between the pair of the
press $UHAhcel is prederable dhat theapressing ofdhe glags materiabbi tie pagss awitiiveordfeurade gob
of the rd:al Lt ! | e.di st apce, het ween
the par it EbRRIAL is AcPhoRaSE6E BRI biTungt ol B0 (ORISR ORRn",

di r ect dizmnoé betheet icvassirfatest dfahgbais o BlodiKis grédidtitharDa 3ize 66 @@ridbiter t he
gob of the glass material contacts one of the pair of nolds. 15[0027] The
neduf adirestiongofathsagel 08 theaglasmatrsial i, rie | askeond teongitient iy whidhgtheadibtanceuni t

that reg e esc gf the pair .of | ds,t 0. be.less.than a.grass
transi P ?thr? ggr%é’r%aggusﬁl gftdé(;e;g ?fh{e?le_ %Igé)Prrrna(flgsr g a"ﬁﬁB’ééﬂ"“l‘ﬁ Aegu‘?”fﬂé@e“?% Hhess
of thedpears sUthtatREneBoIRBe WMdshiblan, MaMGE 00f sdcbfdaGeOthet b of & gads A
viscosity of the gob of the glass material nmay be within a range of from 50
t o 105aterial contacts one of the pair of molds.
[0015]  Further, it is preferable that temperatures of the pair of molds are regulated to be
30 less than a glass transition temperature of the glass material. With such a configuration, an
adhesion between the glass material and the molds can be prevented.

[0016]  Additionally, it is preferable that the molten glass material discharged from the

glass material outlet is cut and the gob of the glass material is formed by moving cutting



120dRa.s. A pressed state may be maintained until the tenperature of the

gl ass material becones |ower than a deformation point thereof. BRIEF
DESCRI PTI ON OF THE DRAW NGS [0029] [Fig.1] Fig. 1is atop view of a
gl ass bl ank manufacturing apparatus according to a 25first enbodi nent of

t he prgsent invention. [Fig. 2] and (c) are side views of

Figs. 2(a), (b), .
a surr 8tadat hl@ceérl@la"%fhedn%lFeé’s@a%rﬂulflgtoﬁo atsg‘ézftj?rg%c)é withdhg sletsinatedakr i ng

‘appar a ccer di ' ' - i kon. [Fig.
T e N e A L AR
uni t otargbdropt 893 h a0 k0 paANUTWIh this Benfigupaioal the suffadubkiese¥ttiel forméd t he
first enbodi nent of the present 30invention. [Fig. 4 Fig. 4 is a top view
of a gty blmkfien henesmieed it agigagaiichais syrahlpdor d pPastsrreess Biwbadidrent

of ¢t he_pr rhvention. [Fig. 5] Fig. 5is a side view of a glass blank
naﬁ%fagpggﬁﬁg&g%%gratus according to a third enbodinment of the present

i nvent i[@18] [ FFgrthé] a Mi@ssityo oA )heagish (DIheaglasst @ptevibewSpreferaly evithip latrafde
press unit_which can be_used in the glass bl ank manufacturing apparatus
accor difiegn $Gtot HB0idPast | WiHethisseonfiguraiipe theslassinpigrialss diedemesl ipfa depiged
present, | ] Fig. 7] Fig. 7 is a front view of an exanple of a nold
of theg%ée§§9ﬁ%??h%£%ce'can be used in the glass bl ank manufacturing

appar aja® 9fccdudheigittiopiei@able tisdt thé passklani chanafidukiig apparaths esbedigied s of
the present invention. [Fig. 8] Figs. 8(a) and (b) are an overall view of a
gr hdepughothaipide pegsping §tage israrintpineddmal thegampenafure of Fhet glerg maaterdg! ieepmessed i n
t he gr'ngr r [V . 10[Fig. 9] Figs. 9(a), (b), (c) and (d) are side
Vi ews g at%?gséﬂﬁﬁgkéshéSF%e of a conventional configuration. [Fig. 10]

Fig. 1Qqe20]i s Fartheroatmythedv odmiiifedturendreledsibistrate OoRSBe MfonKatiRNECainY | Ng
device in a second conparative exanple is projected froma side of an inner
sur r oufeEdiEn 98 chaaeterigady inithpt the (ghyss | Wandn isamanefagaseds sithi amalof hewbete Fi g.
10(a). . T] | S, 100301Herei nafter, .

enbodi ASNEEEb A s AR Y SRS TION SHBUELG Serod o e 1y ey Fibur es.

Figs 1ptelegriined didn sy, ofd Atgltivgsa pblahkngWmocdsaed applied apPdisahatfufd@drin
according to a first enbodi nent of the present invention. The gl ass gﬁank
manuf a&teliddag seigsareaimding] rchas apprap prepessyironiit perfermesl. af happhe atbgtrateder
manuf agt ur | | bl ank whi ch i s di ski;shaped gl ass nol ded product.
The glgggngﬂgﬁlmg¥%%%gl ﬁ??ﬁ‘? éeéFﬁgge Vﬁ%&gﬁé.ﬁ?%§‘ﬁring apparatus 101

accor dijgw1y 0 Fhitkere b asloffBaion fecbiding Medivih SkmaRRARLING, methbll W &k Mfzbkntvi th a
device for a successive process (described later), and its front surface

and bad&kesuer at eharpetenzid shéwt tthe substiake fori theonfeymatiae ascordingr mbgiufroisi ng a

f i-nf ' [ di. . 25 Lc_di h
2 B ot Pk PRl R BRERL IR TRt R RREd e e

pr oduced thd¥ubktedle fanthé MgorafatibA tbrahg MRdfuacor ding | ayer of a magnetic
material or the like on the substrate for the information recordi ng nedi um

[ 0031] M02ZhowRuitier/ ganufactunag gpparetubifemiansiaciiaeg arglasg blanldone substote has a
configgggﬁhﬁgnﬁﬂ%g tpa%i4&§§ﬁs of re%szyqits %%0 %§Qz'140 @ﬁ? 50 are
arranged-at every 9o 3048JPEdT WHE b1 WE g & Hal feneragipe o zﬁt“ﬁﬁzholten
gl ass @ub loftthd Llass [HI&7a ooy nN288 Sandnh tpsest Aiit. 13O, glddOnateAsl dlram@ i ven
by shifting nmeans, not shown in figures, respectively, and they can nove
batk aitlydssthelagstnatena padet that dipeharash & erplghgdass oatdread; and a cutting unit that

cuts out a gob of the glass material from the molten glass material at a predetermine timing.

The press unit includes: a pair of molds whose surfaces facing to each other are press

surfaces; and a mold driving unit that moves the pair of molds in directions for approaching

and separating the pair of molds to each other. The press unit forms a plate-shaped glass blank

30  from the gob of the glass material through pinching and pressing the falling gob between the
press surfaces of the pair of molds. The press surfaces facing to each other are formed as

planes without an unevenness. A spacer is provided to one of the pair of molds at a position

neighboring to the press surface of the one of the pair of molds, and the spacer contacts with



+111.. Nanely, they are novabl e between a catch position placed i medi ately
below the nolten glass outlet 111 (in Fig. 1, a position where the press
unit 140 is drawmn with a solid Iine) and a retreat position apart fromthe
nolten glass outlet 111 (in Fig. 1, positions where the press units 120,
130, and 150 are drawn with solid lines, and a pgsition where the press

uni t 1481 melddaging tashe gpacerss g kepma flistance bewepn themairad mlds conglankh is to

forma Kk . of 1SS by i uj ten
o ass. M3, M e SR BERRg abishiCor S I BRI, AT BosbleTRL ' e
cat ch pesufactuie agthss ks iink daviglgasks gb viidfade flatdess,Am whfowa plate Hiigkneds ande
cutting unit includes a pair of cutting blades 161 and 162, which are pl ane
bl ades @ syigblesirfacagoughaerss 161 and 162 are driven so that they are butted

t oget h de t t. k11 a onpstant 10, timng,.\Wen

e cuftPdl o Fuh® Rty W E5Rer? thisker Ml BNt e bl 80300
and t heet@@bn iasdib@ereGf chtle ol pribs Qutfadedlahs ot AvAKEE bEveeR ik fRAH biedd.

[ 0034] As descri bed above, in this enbodinent, the cutting bl ades 161 and
162, whiddreadering pressing igdathin arangsof 68d ted§etlher and the gob- is forned

t hr oug ti h Lt.en.,.al ass.. I Lhe . i eparated fromthe

ol ton 8L BlabiBir e VG o 3R ol MR Blfeef g 15 Bl ades 161 and
162 ar ¢o026} t eTht @ged dAVing BitaAAL Mdsé thel pairtofaRsIde o0 fikst conditignliatwitch Wher e
nolten glass is cut by causing a pair of cutting blades to cross with

r ekQect dissanss brtveren dire pavcef thpfress hafacqs tsi giepterthamea size én paparizonial glirceieray e
shape, re.l st hi .t hat ls.re ed fromithe nolten glass
by gr a\(/)lic p‘;%f gg)rtl’d)sfft%f g‘ ggsvéf%gtﬁh%lhgo %ns)%to gﬁcg (ggérﬁilg e ll,l(%ﬁ t?‘g désgar?é:e EXVER e pa(i'r

Ther ef of ehe B8 dukfatdrOsubbtasi@dlsi ddincidegobitit @ sfzelih avhfects baehickness of the

20[ 0035] Furthernore, since in this enbodi nent the cutting blades 161 and
162 whigtass Blasks wihind). hdeeond ragiep thet gab off th glass peaterial gortaeth ooe loé the paeot ut
part of(ﬁ@e gob is hard to be cool ed, and a shear mark which can occur in a
gl ass B %ank by partial cooling of the gob hardly occur in the configuration
of14 he [@zypdi rmmnan{lﬁeﬁﬁhgfagp@a@g $nayufthdrdfclude h UdRSerdufel regllatil ghiddhht a
second nold 122, a first drive-unit 25 123 and a second drive unit 124. The
first meguiptastemaergturefeofdhe paigormpls 10 be tasethah atgsassitieasifrentrepperatuicaridedd such
that their n directions substantially coincide with the horizontal

.l
direct#gﬁsgﬁfngﬁey face to each other. The first drive unit 123 noves the

first w28 12Thbasiacendufiiictdodht Hrdse SREsdes mytﬂtewﬁ@iﬁwﬂngéébﬂﬁé&%.op&b t he

other hand, the second drive unit 124 noves the second nold 122 back and
forth Wtwm. rAegiseesttytod thengots ofrthe glass matepinl maybevithif arange3d fimi v thd30 123

th d drj it, 124 t hi whi ch ke the first d
o0 19S8N AR e G R 3 SRR Gl Bl
ai r cylidvieehan0d déosaMdnpairt@her&df. @ sol enoid and a coil spring, can be used.

[ 0037] Si nce configurations of the press unit 130, 140 and 150 are the sane
as the configuration of the press unit 120, their explanations are

omtteqg 3] Each. Q c 2 g is configured to forma di sk-shaped

gl ass gt %PQ%I'&ﬁﬁp; f’ Te-press unit is noved to the catch

posi ti meigf1i] /8¢, M ¥ Gop ity @ng ltaﬁbeblﬁﬁl‘é%Mufh'&tu‘ﬁ%ﬁ%bﬁraafseac%ﬂdi&%ntoad“d the
i es

29
dr opped go S pinched between the first nold and t econd nol d and the
5 Yob ifisstehdpdignany ohthe @resemirivvittionri ned t hi.ckness, while it is rapidly

cool ed...Then,. after .the press upit. is ved tq.the retreat positjon, the
first e et ord CoctiloRiRandowd ol St ding FrtShbmarg e oiebBlasii i s
dr Oppe@lqnléﬁh%ﬁlfécﬁ@inrg%b?@[ﬁﬁﬁus RE&Irding RS tHRffirkten BUdBH Ent Witk eSprésddt inkdftionl 40, and
150, a first conveyor 171, a.second conveyor 172, a third conveyor 173, and

a four {higcd gy ea)1®), %tlde(’cmr@\sid!:edqrw eSpautamding ar¢aaefte pesst st ¢fi the glass
convey 71 through the 10.fourth conveyor. 174 receives the. gl ass bl ank B
ol gk GRetactidn ASGonr it b AR T Y o EPa Rk, e REeg aos

bl apk Bileftign. devi ce, which is not shown in the figures, for the successive
process. [0039]In this enbodi nent, since the press units 120, 130, 140, and
150 ar ¢Figothf Figudaslatiep viewnolva glass blank ntanufaetiringtaphangtsiaccadingand tegomd nch
t he gobgﬁng.nnge &p t he netr?at positions, it is 15possible to formthe

gl ass HEIRVBE ﬂﬁ'ﬁﬁSﬁgTy?V i'PRout waiting for the glass blank B to be

cool ed @b, SPEfY. BrigeSsidiew $0DERkNSNhK BarBlRG! ApaRNBuPIQEREM & fkhitde

glass blank Bwith the press unit is



rexpl.ained. Fig. 2A, 2B, and 2C are side views of a surrounding area of the
press unit 120 of the glass blank manufacturing apparatus 101 according to
this enbodinment. The Fig. 2Ais a 20 diagramindicating a state prior to
formng the gob. The Fig. 2B is a diagramindicating a state where the gob
is formed with the cutting unit 160. The Fig. 2Cis a diagramindicating a
state WREPAMOREOLIHB PraseniBeaEignand the gl ass blank B i s forned. [0041]As

i ndi ca ke El , |. ' G.Isycantinuousd.

i schal Gad B 3 el P UL R s P SRl B A Rl 3Gt REUHR i 0 1
dri venghks platehemitaesing? bpgaratud @scording thehdirbenhg| @esndyedmr i@ thifd i s
cut with the cutting blades 161 and 162 (Fig. 2(b)). The nolten gl ass

mat er i smbogimantsfdhopesent invenétbnes a substantial ly spherical gob GG In
this e dinent » . ancamount of th | ten a material LG, di sgharged per
uni3 T B (2R EBRE e e fm Ol PR bR el B8y et e
so t hathd pRsQblncmafufactimaeh uﬁpaaﬁﬁytacd&diﬂi@ toStht OfiRE dthe @8&dhd! lah@ thdrghiedit ti ng
unit 160 1s driven. 30[0042] The forned gob GG drops towards a gap between
the fi esbodipientsiaftheprgsanhinvesdohd nol d 122 of the press unit 120. The first

drive it 3. a th n rive unit 124 .(Fig. 1) .are dri.ven so .t hat

the 11 1BE' s R 80 oE BRERLE ST sy faldsdor Pl aifecital e o
ti m ngfiphenlitditiagh ckhicdass inMhoghlihtRr,gadpebpiamen the first nmold 121 and the
second nold 122. Then, as shown in Fig. 2(c), the gob GG is caught between

t 0 f i e fbFigs1%@).dhl (ehands el ginel side vaewisof a glags Akank esice 9 rar epniveitingal
surfacgoéégﬁaﬁg the first nold 121 and an inner surroundi ng surface 122a of
the seCOnF ndld 122 are in a state in which they are adjacent to each other
Wi th a[sigal 0] M SIRACE a fHdieRaRky oh YNNG moEo 0L Blasiblaib indhufastubhp @B&Ede T

bet ween the inner surrounding surface 121a of the first nold 121 and the

i nner §seeRdrvnmgratiye fesampledis arejpcted Erogee sifld afendnng surropeding sertfizag, and

pl at e- It k hape. . I pn additi.on,. in order.to keep the distance between the

i nner El'?8@%5$ﬁ6A389P§%§mkﬁT%VS?V?ﬁgl }é@% nold 121 and the inner

surg oundi ng surface 122a of the second nold 122 at a constant distance, a

spacer 122b shaped line a protrusion is provided on the inner surrounding.
sur f ac RELAIBER DEREREFHOMN OrEMBODIMENTNanel y, the di stance between the

i ' f 21a of. the fi l.d 121 and i .
sur r oultf308 " e 8 o Els UebShatssh Bt B efinnt i 4800 o
di st anggufchr ORigh 1GORpAGA Vv bDe ofR BRIk IR fRturlliCappafand 0Toddorki%d: tid h t he

inner surrounding surface 121a of the first nold 121. Further, as shown in
Fig. 2@rstgmbodignantef greorresent sivenidemi nihet glessdilanksmpnufartuBn g gpsrasus | figof he -

t he, gl. i al Ly with i nper. 15.. '
970 oot ESpENERR: 95 ahpfaps 301 ARt fhaBinte 1'stas Rtk md g st al i 855 90
the gl axiddepeiidl TREFIROBLIARNGBEEceH With e gn@@maﬁunﬁmmmg Jafgifs 122b1

of the spacer 122b. [0043] For the first nold 121 and the second nold 122,

t enper a0 Lirecoadipade ity embadisnentat cefHovendislrshdpe ofiagume sirclamdthpa devidedor arhe
tenperatures of the first 121.and t he.secon | d.122 are. ke t

Suf 1 c RET 4 eshS (esmahed TieDs 364 R Bepb "GR8 650 arforirash srhish el in & v 20
20f  t hakehikBn saifass théreby Torstdh tal @Bstrdtd fohad iFoRMoNER ordfgt B umNt & val
fromthe tine when the gob GG contacts with the inner surrounding surface
122% ofnaghefiddislstsuppisca platteraric hand diskh evhichuis tlwuimdirmgtign rédcavkngmetiven, second
nold 122,. after the . first drive unit 123 and the second drive unit 124 are
ari ven PrRitgSed oy icro ik A etiPh s Ratag dves §F AR e SRS iAo ar o
conpl ebghie ebasRd fdritheinsdiaBioh Recdhlifd nicARns pacer 122b contacts with the
surroundi ng surface 25 121a of the first nold 121) is an extrenely short
time i @081yal Asf skdyoutinOF(6 &edlondzlasthblask omenufabmriggbapGrapsy eldds has cng t he
i nner surrounding.surface 121la of the fir ld .1 and the inner

surr ouﬁ%*?frwglraém %&E@%e& 0 wsssglgeﬁn]&%?@ @zanén@i uC apaped 3tevery 90

di sK- | ik@eshamfe ping® dehtdr 3 fiRRI &la% eI GHaRRMN&A1hdi fied as an anmorphous
gl ass, thereby formng the glass blank B. Tn addition, in this enbodinment,

t he fol083@] gl dbe phdsainkitBl1% 130414k and {1l b0 are3drivendryethefting fmeabs, mot sh@en mm and
a thickness of abouyt 1 mm [0044]1n this_.enbodjnent, the tenperatures of
Che 11 FBURIRPegHtTi ¢ TR SBIRRE ok dnd SHULY ih REPEctdp Tac Cat FIAE Gt y

| over ﬁﬁﬂpﬁ*ﬁﬁﬁélk,eﬁ;eyha@@ rR@bR B&webd aNGid PositisHREIEd %ﬁqeﬁﬁt&% Helthy TR t en
glass LG with the tenperature adjusting nmeans, as descri bed above. However,
the present inventionis not limted by the above described configuration.
The first nold 121 and the second nold 122 can be configured such that the
tenperatures of the first nold 121 and the second nold 122 are kept at

| ower tenperatures only by natural heat dissipation. [0045]1n this

enbodi ment, the inner surrounding surfaces 12la and 122a, which contact 5

I o o, A ~NA o o - A NN o o




rand .t he di stance between the inner surrounding surfaces 121a and 122a of
the first and the second nolds 121 and 122 at the tinme of pressing is not
limted by the above value, and it 15suffices that if the ratiois in a
range of 50:1 - 150:1. [0047]After the first nold 121 and the second nold

122 are closed, the press unit 120 quickly noves toq e retreat, positjon.
In tur H‘,O?tﬁﬂe%?aéﬁ%ﬂ%tr folﬁr@g ity ¢ POSHOROVES 1S RTFe ik i‘R) Bcfg?‘ﬂ’ St B he
pr essi of - it PR r f i1

Firet nargind AR bl FORTRE PR lidf oMLY g, Fhosl R INERE 1
gl ass B fresnkni 129, $80,fandi S0tdry deaval edth(satid llmas tant hepdsaigpewhdreitiee presonMes

| ower than the defonqz%ion' gint TS), after the press unit 120 noves to the
r et r eaP 549 {5 BAwn Xfither dashegt inghe first drive unit 123 and the second drive

unig 1 e qrl i I . .
copbr a0 ond LS B i o 63omiR Hiod o BLSL MERP RERTS, TRl HE0idI .
dr ops, amodnt df meltenegledsvdisthbyged ffont gHe raoltareylass cullkt pl1adeprobiled belwdeq thel ) .
25[0049] I n this enbodi nent, as described above, the first nold 121 and the
second SH6H osvon apdthe i glassomdet bily  Spedhpwiiindig. dy Breveatting unjf wajude. 1
second o) . ) t rial C i{h the
ol o PR cutitbRERONED 6, \PRcAK, Bin bists, T e PRSI M P,
whol e 062 ateadrivenao tsatthiouardibnged togktheeud®2 aheomolibieglascanidt il st dlebasant
substantially_the same tine. Therefore, the inner surroundin%'surface 121a
D

of1Q hetimingt ~ YHrw theerutting bladestIRd andA67 azahytisd tegethsr.dhe medten ghssisgut anb
d 122 a t def ti i
on_tne 1oHd i+ SmRAC BAC ORI HOE kg O AIRRL 18 051 %nd on the o

i nner  $003dpundis Rigs@ibel abeve] 22 thiDEmbsEmees eHeccuttid Oblidad. 16l randddR f whidh agd nce
the nolten ?Iass material is shaped in a disk-1ike shape prior to the heat

novi ngPRRshladse arsgnitisd tgesihe angh Bei gab-isoformed flrpugh gpitige tha mplgntgiesssecond

nold 1 g Stri i t hSk L ten:ql ass
ot er i arepan fER S Spffehahl hOHARA AR 5 s WeRoRaRP Rflo T Gl 02
gless dhdss 16l anhasYard bawdd weaher. By ctet@stiat b @Onddntisesl @afightigh agerd| ank
B, during cooling of the nolten glass material. 5100501Therefore, with the
gl ass BIOAKR SHsh 5 e P CRYIN S PAF a? cigting blades (9| Gaess witharsepest éheachther Isegesses
of a fi S C . 0 o) I | ank d. parallelism
of 1 he ' e ARS A0S DRRRCL ol B5BrThelelF o RETEELANG fRRLAL.E

ext r emédoyh HegholtanglBadly ghasdty sud ffake whehghaessiteaf glhdieisf ¢ut 3b sdifel @gentand

t he second surface of the glass blank is close to the surface roughness of
the fi A8ercfase.dhe bmingef qapeng agohde fdl Wasymtablean be manuf actured. 10 [0051].

Fug t he d ' I .S ' S hal .
oA Ton R PR SRLSy 10 e FORARL R s POt o
whi ch flkobladeudre buttéd tith resplets togcabh adrg tAé tutapsht d6Re gbbWeHSd,to Ma&doled,
viscosity of the nolten glass nmaterial LGis small with respect to a

requi r & ¢ sheprmark Ndigh eanisocgut rd glessiplpeh bhagriabeeding off teioeed brvdlymsewie
substag{%%k%%ﬁéggﬁ%%%ﬁg?%gh&ﬁp%ngutt|ng the nolten glass material LG and

t he go n such a case, a gob formng nold for formng

the gopo3s] us&He pRAS uhit €00 liycludds@SirsBimdld 12R)a eB6hd bR, Si fiet Hivvwmiof a
surrounding area of the press unit 120 of the gkass bl ank manuf acturing

appar al &5 ande seaanAgrive uaridefier Tex Ampmold 21 ped Presseand moMela2iaonplate-kd ch
the gogle;n%refghz{e}gaélggtj_i g]t_c:h;thﬁiﬁgf nglléngag df%i(eagonlsssu Sttal‘lltg%llgléelCOIS D:P € \{’]igh ﬁle ;[o%i%grtltﬁf Lor

to formng ﬁure ShOow n state 1n e gob
i s fordrectivhtand the v to eagh Biter. 1B AREIRR ulih €2 DMByEOhBTIRg ol d2 188k Fi 9.
3(c) is a figure showing a state in which the glass blank is formed through

pressi Al fard sl resperd 50 fasssesdrslamoldnl 22 g Orathg pthet bynda ik gecynd divee @bl 34or i ng

nold 180 is.placed be t he ting.unit 0.,and the press._unit 120

whi ch Toves WEAETR PRl R Gad b e est pB et Sl S b e

bl pek- biike umis 32phhy tisdigRoddativausie T8 phefdiaal wiRacaredaRome s d8RGQMP i S
formed at its upper portion. The gob form ng portion can be separated into

two pi éékendith¢ seqondrdiivinglanitbl2dc keecos? ranyliv 8losemisithe ag eraiecglindsy or hee
concaved rtion. 180C . Furiher., a. drivin ans, which is not shown in the
figur eg?mlg)@atﬁ)?no(\)/ﬁ%sé)genf%drza% %C(Bgﬂor’fngr ?rainnbgeqf?g&'d 180. The driving nmeans causes
the bl gsy] 188inetohBRuraBofOYE (B prdydturd $8@t €40 AndIHNadeh@ebiatfckgs k&l and
182 are cl osely-attached and the concaved portion 180C is forned (Fig. 3A)
and a 30 state in which the blocks 181 and 182 are separated (Figs. 3A and
3C) are switched alternatively. In addition, tenperatures of the blocks 181
and 182 are regulated so that these tenperatures are close to the
transition point of the nolten glass material LG 100531In the state of

Fig. 3(a), the cutting blades 161 and 162 of the cutting unit 160 are

Y Y - e o o o, o A A o A NN Y N - I B 1



20 and the inner surrounding surface 122a of the second nold 122 are in a
state in which they are at a close proximty and separated by a very snal
di stance. Thus, the gob GG pinched between the inner surrounding surface
121a of the first nold 121 and the inner surrounding surface 122a of the

second nmold 122 is shaped like a thin plate. Further, as shown in Fig.
3(c), F?Pfltg‘r’éat}ﬂ“cﬁfé]%“sprﬁfs Yt WO theinfeplpnadnsgregmitisdyy pressing the gob GG

t he gl teri i 1 i rfaces
1270 a0 Bagt o e Br e Bhite Rl o ARGl MEOYR BRHIRT P
mat er i afterdbe presotinic Brhewdd twitlidicdtdiepdsitivay theuirstalivdiung aad tiicgeodldhive wfit t he
spacer 122b. [0056]In the first enbodi nent of the present invention

expl ai AEdIrRsBWad thedopred gobtis prched peawperythe firgmpeld apd thegeqad maldend fwp,  and
15 j i . g t 1
oy P BIORE [l pRB AT LB 00R B R Pl Bkl T
wast i ngreshanitid indRedtate waée rpositiohGhe ditetnmbldoindhthe Recondnholg ukatdparntéds such

that the_nolten glass material LGis continuously.flomﬁn% out fromthe

nol t enagd Hhesfosued glasy blank s deenped. t Hadesrtbe aefreat positionsopf the niess ynitgil2Bd to
the ab SCI L qur.ation. r Lhvent .0 confj gured
such tﬁ%@ lg‘%b%drg |’ta§ﬁ)rg¢ &gllr{’g sIJ lﬁﬂi’ § -SEQ%%&H ccﬁﬁ}?ﬂjgrézg’ a(%hjgncgng t(ralrﬁ%’n%(gltlahéer ,

whi | e fhethpdanveydrt f4aire praasdedyfdspectivele @actaopthedisecorivead 1Gil rthlodgh @lse i N
configurations of a second and a third enbodi nent of the present invention °
exy ai fedthpeangayor doeperes. the glass blanka dalingjost theneorigspenging emfiof press
manuf act ur i i e o]

or esenihith ulEARRaS B B0CGRREIR 4 Behlf uincl RERSCLBIRAR BE Bl BB g 10
thi s esimedisierirotassl udes four press units 220, 230, 240, and 250 which
orbit on a circle C| defined on a horizontal surface. As shown in Fig. 4,

t he pr 8¥89ni Insthypembodimenty smee Hirdpressoumaisd 28y EH). 1 48 pandelf Vagsa configuredto

degree : i Kl : ] ' r.bitn S,
o0 2SR 1 Uy 8 pos B, B SVl B BERSSE L Rt 0 30
ants  10ox3le €5 Birin tie difxe bahk B Eorftnubhisli vaitleoun Staditg foe e plays blanlaB to be

i nt egrated manner, Ile retaining the respective di stances between the
[ ated whi | ini h [ di b h
nei ghb&eqledatsael praghipis. Further, in this enbodi nent, the number of the
press ' i §four he n LSs.cnot Limied to this, nunber. .The
nunber Tjdc‘)df‘ﬂbfhe§1|ce))rd(¢;sas ’ntljalr?lllﬂgas? {ulnglgdég)g?éﬁr%eodv g‘ﬁ 18351 ?’%P‘éﬂ%’,“@é%%%é’ﬁ?%& BR fow
many gkasisinbd.ankig. 24 2BEmdIAT i lseik WewhbMNa surffudRiceldd ¢fabe piciPunil BROO58] A
nolten glass outlet 211 is provided above a catch gosition CL which is a
poi nt 81§ gl#rs bgnkapanudacturingmpparpbist ¥ agrerdingsathis empedimenht i Thediigl 3A is a

di.sch . ; ial. d dly, simldarly. he,.mol
0 20355 L) SR PRSBhag RUTU. t Sh A R L 0d RHo0

for f ogtaienghdte Babgodf is fbiendaDk e theGusy WRE BOU. alThie Fi@raayisdedagahVigeiarihe
nol ten gl ass outlet 211 and the catch position CL. The cutting unit 260 is
for cutsiatgvhere thegpbyp prassedyinddbe glassehlpali Bus fosmedo pi eces of cutting

bl ades Lkmlarl.y..a hecutstjng unit 160 (Fig. . .2)~0of the first. emrbodj nent.
Furt hew,(ﬁl;l Lne g‘lse{}s{%lc%lséarll Fy tr12u¢‘a et ﬁnro:ltrellé gaaﬁ énraé?q—t?é %”(:Gaff %Oéltlgg?llfsﬁ}@ﬂ?gbarg ch
that themgele nslté®rimRE tie 1 Ol aSEheARHR! Eidtind)@aMit NGOl RVArkeh CASIrbdetétEling @ gob
form ng nold concurrently, as in the other exanple (Figé 3) of the first
erdodi fewrgsefind Hie moliee atass matantal &4 isMput evifathievaityng bladesgbl andy 1 &k (Figr med

only w t oL m.n I S, 25shown i.n anot her .exanpl.e (Fig.. 4) of
The’ 11 PED-comsdRaor s BaRehy Bk B Dok P R o SRATRIFabtertet

cut ti nGGINith tRIECBYdithaR, 80 BmoahiTbN theMbEdn %ﬁsﬂ' satRl ¢4 aRcRegddopdom t he
gob at a tine when one of the press units 220, 230, 240, and %50 is at the

cat ch fosiand grfingy interaltfar drivinp daH ensting unit #60sare sHiusted sgtizas thergorRGBIT| <2

formed cat chj an i nching.the falling. W,th a pair of nold
pr ovi d(raagl i %ﬁutegdgﬁmolrsq?%éed;%@s B esc}lltgg "\%ﬁ‘g]t%ﬂé\s,m%ﬁ“r slto :anbodi m&*nt.S
[ 050] h] of TR fRHRASgINGG dropdhtbGiardead GRS Befvit@n 9RY Rl hbR $AL Ry RRSi tion

CL, orbits on the circle C1 while closing the nolds of the press unit,
t her ebsecondimald 12Reofghaprespunnkd 28. Thefirstalrive unétl Edsamdpibsistéand drlve witier e

th it, h b bout ,270Q.d f tch it
o PREPEAE Dy B3rER Jo TRl e BRI 101 288 ¢ Berond My 2 Bicing RS fouoe
bl ank BadhSotkéraR ReRnind wHRANEY 86b 8(Pgdes iftbQd QOLQhE TRstRbIGASE AR@Sd | ON
RL for receiving the falling glass blank and transferring the gl ass bl ank

toward a next process. [0061] Next, the third enbodi nent of the present
invention is explained. Fig. 5 is a sigde 5 view of a glass blank
manuf act uri ng apparatus 301 of this enbodi nent. The gl ass bl ank

manuf act uri ng apparatus 301 includes four press units 320, 330, 340, and
350, which orbit on a circle C2 defined on a vertical surface. As shown in

o e o oS ”~ AN 7~ ™~ o oy



‘the circle C2. The nolten glass outlet 311 continuously discharges a nolten
glass material LG downwardly, simlarly as the nolten glass outlet 111 of
the first enbodinment. In addition, a cutting unit 380 for form ng a gob of
the nolten glass material is provided between the nolten glass outlet 311
and the catch ition CL'. The cuttin it 380 is for 20 cutting the

mol t en S§oAE Maig z% afheg, anshaxa #ﬂl%ée%(cgﬁh%gﬂbt Hgs BP‘é&ﬁ’é?eW@F%ﬁf‘aﬁqsﬁ/ma@ t he
cuttin [ u bl ank
manut ag2 Lt ekl folg ha i ditcr o SRACLAREE L2 (e R hlFy BICER: 01 %0

gl ass pmtierer ahrrbanding shifawevi22a efithy sedohdgnad dab drelinrh I’sgatérﬁi drhi:dhhtthay et | Y,
as in the other exanpleyg ig. 3) of the first enmbodi ment of the present

| nvent e@hﬁcew@ Eahaethgiew at%allgeﬁtaﬁeﬁy t%ebmmw&thpﬂom GG whish gopinthedyi ng

mbod f th
ot ot Qb AFRMESne SRR, B 1 bhne Hptihol o She PP BB "¢

f or m nguifaded)22 Hfrthg séodhe dnsla 123, info bakim flhe-1%keshape. a Ihiadeitiohem oxder &f t he
press units 320, 330, 340 and 350 is at the catch posi tion CL'. In this

enbodi Kesn theligiange betmeradthg arss surawndimg pufacerlbel of jhecBrse mofl@ 1&han<tﬁhﬂ:h| ng
he f
2o i n s Suhdite seBoP Tads O wEBRPARIAN 1254 MR ER U flce! PERRERTEN'T L oo

t he gobhapied lie a@adtelsiqaos ptdvaded@n the it beramdirigharfaéd ti2a o@ﬂld/%bbxﬁi ®bRisi ng
the molds of the press unit, thereby COO|IH% the glass blank B. Then, at a
a

r e} @asé2posNamely, the'distaniee betwaea thy waer smmtoundiag swdeas iRde of theofrst meldol 21
degr eeﬁnd {h%qnneg§bfroﬁ)rfdlﬁm iuﬁ?acg f12fa Cfrng ];%cbgg mDo'if ?%Q]Zeu f : b at Ithe (9 n%{;}g{d dlstéxrll%f:t Pi)f

enbodi anl SmM no provi

MOV ngttaomgﬁ @bnw%nng\/lmecdpab@qqmsfﬁb sE&ﬁnﬂrm@ltldQ2 ahthttheufnet amnamglshtfe& RL'
in the horizontal direction. By noving the nold UP in the horizontal

di rect iléhe af thedastrapldded. pEyitherors shown intde dGglyripe éhmmecgﬂsapé dernong thenol d

. wh d
accessebrs Trbapatvespd Problib O antyifut BRRE, Bty BuChin BEORE my

a saIct lsmtﬂodiﬁﬁfgaﬁir&%s?zﬁﬂ al ﬁldpmwoeﬂdeb firkhghosdICR 1 @fd mcéaacsﬂdsﬂb%pzzs Ufk $he he
glass blank B on the nold LP and pulls the glass blank B u wardly. Then,

the s uetaismat?eeh%eﬁs At gBRt Mathgndprer sHEowidirgssusfagn |‘k2®1mfttbe @ae@nl@ébor 370

provid p m Iease The .gl ass bl ank

T ot dibasf) PESK{NE ek b G S35 Bl 109 Nefperantf Gaefismbarte o

t ransf gligvad it Moaighres, ﬁ&xtt)ropfd@@eS’ShéJtérﬂﬂéﬁht@IQQbﬁﬂﬁrﬁﬁt?onld PObadT e REQRIS unit
used in the glass bl ank manuf acturing apparatus of the first, the second,

and t h&woldhil 2 assri¢sptiptraafiidensty lowver mmseateres thaarihg glnsmmsmobetdna@emee TS a

p e s sugh th t..the spacer, is none of
P moralti@ifyish ifie® PRE " R0 IR bR FERRGheh PR Bt o
descri BRdgd0GU eiitaid afth theinRx stRbedindobfeE 10he opaier fitf mom d3) ﬁﬁdl thencl ude
the spacers. Additionally, the press unit can be shaped in a shape

exenpl imteéelrrqvnm@ sueface[ QfGB%]i@pg@ mo@t 432, after @b)ﬁrgrdme PhidilA3 ahéthe soford press

t of,_thij whi first d
o aconq drbs i SERTR Erveh it o BAE fs At T2 'GP e Secomt Mol eh g @
ol t enc@hplilyBlogéd ahe ls,tatepmhmheﬁi thes 1 228€cohtacBtwitl kit s%%uﬁdlﬁ&%@ﬁ?&d(

&n
nol d, and a gl ass blank is formed %%@ press unit 500 shown in
amb (b)21mef dhedirst mokird 26D 1s anhextfeinyely Sh@ﬂt dirgd lintervak of eabont Orﬁﬂ decezdx a

first t and d.drive uni,t 5 |d 511
oo piapstrtibd adibe S RREIR it S Bbadivteer EARRT R Tt mSkatE 1
its inagd ﬂfeuhﬁmelﬂonﬂdlﬁgrsﬁﬁ@& (1R fI1RE tecohd maidnbaGad idsHaped fid g‘d'is‘k)hkel n
addi tion, Elurallty of first drive units 530 are provided between the

first sipg, while atnig rapidlyf eenied BOH solidiGed as att anhorpheus glass, 5RGehn Sdrodies th;:
| | | 5 d
2\ coveeRarbRbi . IR i P Bt en e s R e 10 3l

fixed HRnidhe off'75$ﬂmmgb(i|m§:hﬂld altficReds bf dut 1 RencOi | spring 533 is pinched in

between the first nold 511 and the 3 O sleeve 531. As shown in Fig. 6(a),
in a s{MHd]i nlnhiscdmbddemeénty S tempatatics of thenfast maldclil rgd theesegaisl BGd 122e 1 od

532 is S| ck d nt 0.l NS of the gs]eev 1, ;and the coil ri IS
conpr e85¢ db%é‘ffﬁﬁben@éi%‘ﬁ%{ tHEPE2 tﬁ?ﬂ: ﬁﬁ(fé%ss FRghen FF&?HF%BF&SIQ% ?gehe

gui de frfofl’tgﬁ 5&%3 U withi 118 terhp&atiR! 84j0RInG RO, 3PdescABh F¥! | BdGkviNie 523
to nove the nDId mai n body al ong the gui de frame 522. The cylinder unit 523
i ncludes a sleeve 523a and a rod 523b, and is a device which can accurately
control an anount of forwarding the rpd 523b with respect to the sl eeve 523
(for exanple, a hydraulic cylinder). e sleeve 523a is fixed to the guide
frame 522, 5 and the rod 523b is fixed to the nold main body 521. The nol d
naln body 521 can be aned back and forth along the QU|de frane 522 by

NN —— - I - o,



10 522 of the second nold 520 and the franme 501. The second driving unit
540 includes a sleeve 541 of a linear solenoid, a rod 542, and a coi
spring 543. The sleeve 541 is fixed to the frame 501. On the other hand,
the rod 542 is fixed to the guide frame 522. In addition, the coil spring

543 is pinched in between the guide frame 522 and the sl eeve 541. As shown
i n Fi gPresgm)inveniioy igmat Emyited 4y thp abpye desceherl ponfigusaton; s Thetfirstameldi Wy t he

ob i j | NSl n e coi
2o b SR PSR RGHA, LOB VA o SLer Gt A 1)
sl eeve ab@theanebridigoldup atykept aft lo@er Rehpoburenbily by @atirdara: ddklpaaios. r el eased
in the state shown in Fig. 6(a), the rod 532 rapidly sticks out fromthe
sl eeve [#5] by Iy thie pubadipent, dhe Bngr syrFandiig] susfsegsniy 183@d 1238 whishfdoptget nol d
51 ui, gkl . 0 d. 520  and con nt | the rod 542
Fap al gt e FRUIER, BIRACED, h s SEGRRCPA e e RO RRU L5 E Ot g Cor
spri ng siktantialyg rdund shesd Ndn ABAIE 0B, 2Har befskd Hth&BYR ndl@Wal @nd B debdiid moRd d
511. At this tinme, if the gob GG (Fig. 6(a)) is in between the first nold
511 and2? Hec by h{l MBosy a5 40 epRblehmanweentngrsif the Abass dyah ot nbevey.
6(b), the . i i ed hy t.h i I st l.d 511 d the i h.bod
597 or UPREEE alsRa o REDE: M0 bl TR fnitg of B, bR, Sl el RO
Addi ti eguhl Ynold 22 agl ahedistnvhb&veth theSiiér Urohdihp Suiffds 351a a2 12 6f t he
sl eeve 531 and the suction of the rod 542 into the sleeve 541 are rel eased,

a 19 p Hor firsband xasespnd meoldil Y and 382 (mamelyon height ofvthenspaper F32bsendrhed 511.
[0071]hﬁ $§5$€ﬂﬂ@ Eggglﬁkqggggugaégrial shrinks in a process in which the
¥ £ 8 Q cool ed 17

gl ass material 1Ss°rapi _ roma nolten state and becones a gl ass.
The se¢@0ad] Mo FgrtBaOthefratidbewe¥a My @aflkicy 65 tHeh@rsCXld adeRd Hdlds BA3afdependi ng
on a progress of the shrinkage of the glass 30 material, and causes the

nmol d méndh theodiytageel bespveer thesiaaemuirionnding zorfacesHe 1 poné d 2Rowhithe fitse and thst ol d
511. W.th_ thi | a |apnk B ose .sur.face..o e . side of the second
moi d sotonddhdlns BEaRE a7 o P Fos LR BRGsRE B uPed 37 ARt Sty 38 Chowe
i L& g sufBichy) that iR thR ROREES r@igef S0 INg1501e. gl ass bl ank B by pressing the
gob GG, the glass material contacts only with the inner surroundi ng

sur f ac #0451 1a Adied tis2fiest @fold HE1 fand ghe gedond 5naldal?d arbslased.dthawiress body1 26020 of

t he second, Mol d 52 and .does. not . contact wi.th an inner . surroundin ur f ace
5pon” ootk Bbrtad6 the, AR GRRRORT i GG atd A R8s sARER0TINR Yo ety 's
enbodi gBétion, andBENRBISHIR VhE Polt @SS Pertfbien dabl ith MRipleshady 1381 to be noved a

very smal | distance is only(grovided on the side of the second nold 520.
Howevel0048he pFhedestmaldi2hendtheisecondmdld h22 edintan theeclodedstatelagd thogdss

. on o : ti q ' -
meihanp G S Rt oRl S o 7 PR MR RFs Bt oS Bhe GoogapRenimer
i n ordgpint Q“Sif),nﬁl’fee\ﬂ@e SREANAPI1DD Yo vRE td AR febrest pd¥Rlod. andiet fieut S@E ast dd

havi ng one of the above described configurations (including the first, the

secondunigdd3 enetherreeendedrivgdinitelsare daverpatidi the dirstamolé X @inghd theegcdral maldcan be

dded the first I d th d , 075] Fi i f L Vi
i Cwhi A2 BSsirhG B iR B b BSERARETR FamisPopity bilt 1 70T dobk g ity "
out er %é@%@pﬁwgﬁmw@@%(gnspwcfeaq)@bqn(}ag_s%ﬂe whi ch does not contact with

a gob or an opti cal glass piece). The nold 600 of this exanple shown in
Fizp 7000491 o0 bethaglepbedinfent, dsatehcrdfed tabevd,ithe firstoholdak?d artdeths secomd moldd i n

the fi ot d d the third i . . 76 t h h h
601 1 of 2 BT ARG RO U Ep SUFTaLaTHERabr rerond Rt QS gt ha ™!
sur r ouR MglteghRGRateH A cBhfAYHs $ath the whidR dRhdiB80sfouhling sGXAI8 a ofthe

aperture of the 20 through hole 601 on the side of the Inner surrounding
sur f acéiritenqlll 42kdnd theavhmi¢ ghthe itreo durndunaingowirface ¢22acefithesenoén®ld 622 a gl ass

bl k B i i bt ai d f i th b. . A i t.ank, t.sh i
Pha 't SR eRRbR B other oL PR S A Bimati e pBis RLF bt B rSnoRe. o de
of3¢ he1outgd t}%lfnh&uﬂﬂfdﬁﬂdﬁlﬁrsfu?ﬁge 10e8f thReekdddSholl £ aadhdk rh%at%(?q%q%ni”glsd

are opened after formng the glass blank B, there are sone possibil
t hat t Abugladmestirloaddfomutionegistontie mher2§irtdueding rsatfacmol 21l aaofdtht Hestsmokind

nmol d, d the ass bl ank B. does.no at ural | eparate fromthe nmopld. In
This’ elanahdondeé Bner nERTunrine Fofe Lt thi® selosnanag oar 41 GpUABE, Srete

gl ass Blcankitéh | ' [ t l i '
conpressed air glfa%{ g{a?ﬁ{em Esﬁ?}%ggﬁ%ﬁgl(gé%glf %%an}%éqgiﬂ?e tﬁ%?ﬂ?wv[l%% Tﬂﬂee gl ass
bl anks B manufactured with the gl ass bl ank manufacturing apparatus of 30
the first, the second, and the third gpbodi nents of the present invention
are formed in a disk-like shape of a true circle by chipping away an outer
circunferential portion at a post-process. As described above, in this
exanpl e, since the nold has the through hole 601, a mark of the through.

- o ~ A - r o o o )




-of the through hole 601 is placed outside of an outer circunference B2 of
the gl ass bl ank B which has been fornmed in the post-process, the nmark of
the through hole 601 is not |left on the glass blank B which has been
formed. [0078] For exanple, when a glass blank with a dianeter of 65 nm
which is used as a b5 substrate of a hard disc HD, is nanufactured, the

di anet 8olsn glass mateaial dpahir Bist groldol He apdrthe gsesend meold ok, bt dereReSafuEE about
75 - 8Q..mm .The thro hol 1 - i t] ' ce
from a(a%:sen ug;gnBOé E)}Fe {jll%g'hg?asgg&gl %’HEC'E%?%%?%%‘%%"D%%%’% g{r?bs\é\%l(g%ﬁy SJ 61%% out

32. 5 mmhasdhd grmkhdeatiobf egluddss does3not Tharpe 16¢4lllyad nodefbrmanbdetirisel oh i

t hrough hole 601 is about 0.2 - 0.3 mm 10[0079] Procedures of manufacturing
a magné&laseblank B, dyingepolisg af thenpdiameglass mateiadr di ng medi um for a hard disc
devi ce, m | ass. pblank: B {or he above described procedures are
exp aiM%gﬁ?[Ogggfﬁmﬁéﬁggéﬁéﬁhﬁﬁéﬁgg%%g§¥§&ﬁh o?%%ﬁ?%%§ W6h§%$Pa?l égd1

i nf or neiiat dlatnesset bea Megretthe didsksdoynd aitficB9f theBgRSlink MdadrdiRlibg Fligse to
a surface of the fast rotating (for exanple, 157200 rpm nagnetic disk. A
di st andlestarfpeeand e sepopdserfage phéhenglgpreblapk dire lexaemely ahf andesush thae
magnet i I e I form readi n [

writi négrg%%?glfl%hr%ﬁ%ﬁt (lg%ltﬁ %%%glr“g?%r efa%ff‘ §elcg) Ir;er 5%?0253%{1% t Ssabrlg a{San%sse q?i(rghae

sur f ac gurfauegbigdmsssasf thdBrstB@NE1 1 ICardl thK sctbd hiv$d 12)ahn BE mRguRkt«al. 4nm and

| ess than or equal to 0.2 nm respectively. [0081]|nner surrounding

sut® acd@0di t Fartherr astdeseriipdahave, he thiseroberiment thefsupstarfinllyespheriesl edtGEF t he
first t i ephodi.men 0 resent Lnvention.are planes

W t houwﬁo%}e{%grfh%gg{ég luﬁﬁ? %gsrgél%e%ﬁ% %’3%?1%} % he K;hi {rlg S tohlt (‘)Nl}tg {htehcgutttllﬁ rd
enmbodi Beides 161 add BT eERivet, MbRANIRDsitySdNEE nitdtel @5 MRAtdrANLEN ik SRS GHEH N
pressing and no deformation arises because of the thermal gradient within

t he gl &&pedi| ank requited yolnmpedhs slass matdrigh vgiclyhave bspmmskt Bogss nplebecomtan or

equal i isfies.a tar f l.at ness . |.ass s rate for a
ragnet Py SHEal B SRk bRl R G AR RBRC HEH ooese
i syper fernead Tosidjaltske, b ffbating ffold fRfomxagfSaobds W oRERESSIS) » FaRd t he
glass blank is processed to have a desired shape and a desired fl atness

val ue. 3(D0&2 prdfoaee sidgiviryes ¢for surunding areinelrthe prasaceis 180 of Hee glassshlamkp| d
and the segond nold of the press deyvices of t first. through. th ird
embod TR LoBT mEnebps et PhEaR ehdteCRlnie e e iEH N neUErhdis s,
no | ocabb Foindhs moMii& OsedO UlFek, a0 Nefi glre dhbying a@tdfridN® BtAmS Ak aak. Wi th
an uneven portion when the nolten glass material is cooled (shrank), is
appl i edig e(k)He adigussshovangk a Btat in wlidh theoged is fomad with dte quitiingugnt téfbandhi r d

e di nent f the pr nt 4d.n t.io ressi.ng i erfor i t hout . .
cont ac ot Remind p R0 £t SeeBe SRV achr Gl Ry HpbeBliicis o
t he qu&ﬂ{edqﬁrohgepf@giﬁlgth'g pefore, no local stress, which could be
generated, if the nolten glass material contacted with the inner

surrouhef)S3y sdsfshewn of Fighé(ag,pat end (wsthe gob Edmingmafsh! $kid plaved hetvggendlse bl ank
B. Therefore, .wW t ress devjges,of the first.through the third

orbod: SRt it b sbE Sul RS o8y | 55 S s glacdel b el i i i e

W t hoUtforaiindl RRYE NSE KSa bloBk-fike G QehB1PaicH RRAT 2Bl sphriEd &0ADANE pdfRAT 1d0ed

| ocal stresses, is obtained. In addition, no crack, which could be
geder aterpyd ehids wpnsy podescr Thegob doraling pertiog @an be seppeated atte dwo piacheofl ass

bl ank B.. [ 0083].Furth "t I " of ' di f f th
moid | TR AEbUEe e B Bt S R eertere B ke S SR e
unevengsmgGAhnk SwhieH idnotaRewih fhe ASurdd)ii¢ proviRddbAgR LbabknBWdigN8o.
satisfies the target flatness as the gl ass substrate for the magnetic disk

can be Thednvinglthgans lsteses g, bleeks 18t anp|182 tanewe fsadimt iarstdtel i whichahe blodknar y
t enper re, .a,shallo ifference in height .is s than .or.e | to tens
of o 18b 68 dB2 Ry sleseh-lschaf o6 T poheried Pkl RS i TBRREE A P8 | ng
Pressi BateAnd vhigh ithd bad®s Ofg 1t A&l akasse MepivatcdUrHipg $OUNNICRE: s@keRed Nt O
consideration, is included in a range of "the plane.” 15 [0084]

Her ei nalt¢rsatively. odesddision atemptratunes dfgherblpoks 181 aids18X aromegulmedytathst thesmk i s
expl ained. As descri bed above,.it i cessary.that th ter circunference
of t he “GHREELUESP ﬁ’f'f_’kd‘_égeﬁg .ﬂéehtéiﬁléﬁloflrpogﬁt(’? rﬁﬁ?l?eéll géasﬁfnaéerbazéﬁjed. di mensi on.
Furt hengosie 1RaR&LIE of FRK 31, MeWIHBDIARs NBY &nd 188102 thd Surtld Ghit dc RENI €
for spinning the magnetic disk is attached. The hole is concentric to the
outer circunference of the glass blank B, after shaping the outer
circunference. 20 [0085] The shaping, of the outer circunference of the

gl ass blank B and the formation of the hole of the glass blank B are

achi eved by scribing. The scribing neans that formng two cutting |lines
(l'inear scratches) shaped in two concentric circles on the surface of the

o o .



+of t.he inner surrounding surface for press-formng the glass blank B is set
to be less than or equal to 1 pm In addition, as described above, in the
first enbodi ment through the third enbodi nent, the surface roughness of the
i nner surrounding surface of the nold and the surface roughness of the

gl ass blank B are substantially equal. Thus, the surface roughness 5of the
f or med Sefifisisstly| ssaratd; and.efie hlogks 1181 wnd) 8% ofhthe gnb deqming teold KHA are

Ther ef t cuttin i nes . a cessf ul Jow~f or t hrough t scr i bing.
[0087] E@g?l,V'agg%%egp&e“dpg’éJ@é fhe tqnaved portion’ 150" g|hg§€‘5 ST T‘Eﬁ?eﬁe%ffaésr med.

The shafpgerjal DCesbich g dontihuslesy Shaiteut Aem(thb aivieh ighgs efitld Nel RUt&dived by
circunference end and the inner circunference end). Nanely, chanfering is
per f or fiscFoneaviel @oBipneB0€] af thmeely B ganelddB0t he 10ri ng- shaped gl ass bl ank B
and-to i NRer, Gir f er enc nd of the hale. w.th a diapond whetstone.
roose) KO3 ' oREkthe SHERELRRG (B oh e PR ot kg, 4008 el ng

fixed alitadl UG @it Math heWuttidy bledaved &d 082 (e tFarth &€ td Meeksabgiasi ve
grains is, for exanple, about several m- 100 gm A size of a particle of
the fi gedil&bargsneredde Ap separajed eash ashesnpllben, sompltarsglessgnatefiplguppgrtsd b an
overal |, vi f.oa_qringdi vice 400 to orm ari.nding. FH 4. b) is a
figur ek eoéroglx\%vgﬂg v Fta & fr?gtg&éggg?%fon&g%ﬁlplndoﬁlogs él Fcl’p%gfl ﬁgor%f%v?ncdet%ﬁﬁgéer{c%%] As

shown igob B@is BBgd withe: girfa0elidgiofleri thenmb@en ighe HEeSiad | AR dnibedinaitat e
402, an upper fixed plate 404, an internal gear 406, a carrier 408, a
di Bhondn gmeesrt of tlgs malteygagsanrtedalAloveng pnt rar wait tigeeand4inge ingeredp faridriaingd 16,

d Nt 418, T | nk i hnded..wi Of j br.asi
ar ai nsRortigy SO BaRE GRS AR TRL BRI sb SRR SRS
conf i geddads GMabBUE M0 infiatis FditeliNéRhNAhe BRACtHIOUAIS 150 BED Bt R MR Meld ower

fixed plate 402 and the upper fixed plate 404. The internal gear 406 is
fixed #80eugelrivéder fixed plate 402 so that it does not rotate. In addition,

a plurald of..carriers .4 re support.ed i nside of. the internal r 406,
so as fd odsgg aflg}’ee ?%ner%o%%ki g'%:’aﬁ&oprsevgjlg{f{e%hel %apa_%‘itgv g RS ta{PP@n@hS&ﬁ?}?% Fig.
8(19, bdosad amsldiler of RECufit PPRI tBfbn, tHaeridi ammnghib heehsd hkGeasiRl dsher ed
to a |lower surface of the |ower plate 402 and to an upper surface of the

upper phiatle4 40g, 1rars daven sethat thedostnpidr t2Heand the sesoodmald 122 ecadiaylosen

plural it f circular. hol.es 408 for. side. by side on a cjrecunference
tiich 1%l AP RER P B B Ring S oo ln B PR AL LB T

the holie £08a B 52MPoLd efdwhyint Fig. @ﬁ@F,rth@ ol QR iV ERBhDBVeETTIHRASY B NG, a
pair of main surfaces of the glass blank contact with the dianond sheets

410, whil engihiecieeend mokki b end tthe inngneyrrduinding pirface 120pofithd firktemalipEl i xed

G T ot A e fier S ol 25 e GobRa 1G] Fre P beus iR ke wey 85 °
cont acki AGIdsBGreAidityOind Bdpara3ddl bRGeverfsnidliediglass MRABKLE bt 8ct PacRianmond

sheets 410, each of the carriers 408 revolves in the counterclockw se
di r ect betwegn e whergiueropoding suefade 13 lneaf the fiosww mivlddetliand the intriee srreundéig

1L SRS L RO 55,1 RSELI B L1 ek oFahhnd A dieet o
Wi th regpeatihé prdches i RARNY tHOSRLS bhAR.B bSr&bive ES o B hedplh 0 RGrial
25  contacts only with the inner surrounding surfaces 121a and 122a of the first and the second
molds 121 and 122, and the glass material does not contact with the inner surrounding surface
122b1 of the spacer 122b.
[0056] In the first embodiment of the present invention explained above, the respective
plurality of press units 120, 130, 140, and 150 reciprocate in turn and catch the gob G one
30  after another. Thus, many more glass blanks B can be manufactured in a short time, without
wasting the molten glass material LG, even though the configuration is such that the molten
glass material LG is continuously flowing out from the molten glass outlet 111. However,

the present invention is not limited to the above described configuration. The present
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[ 0093] As shown in Fig. 8(a), the device 400 circul ates the cool ant by
supplying the coolant 418 in the container 416 to the upper fixed plate 404
with a punp 420, and collecting the coolant 418 fromthe | ower fixed plate
402 and returning it to the container 416. At this 10 time, the cool ant 418
is renpving cut glass_particles produced during grinding from grinding

sur f ac8Wenign rFa B sonfiguned prcht thafeh slusglty o preps i wads ﬁgtcaﬁge g%ﬁcggnﬁ Réer
gri ndi V] ) i fi - e i ce
300 ci PREy ity AR i 30 B30 n 3 prgBE Rk ek atRERSPIEAAGN G, 1
the fi bf&secéddd aid oHifteembodimhbet dfolvepredonk atlepticd e&xplfized Wodslvaccunul at es the
cut glass particles in the filter 422. 15[0094] Here, when the roughness of
t he su[(?ﬂéag ufky érip asdaipfview of gheaglassoblamik magufagysing leaparatug reepidingHe the xed
abrasi ve graih | i th rface of ~the.gl ass..bl an nd 1t is difficult
Co er 1ol SrRaTI® bl uPb I B o S AR A e b3 £ P e
abr asi Wecopdiag rsthed érfeddimehtyinclub& Bur prrecunisRoNeHE 240, dnlde2 sonageh sibit @indi ng
surface of the nold to perform press-shaping of the glass blank is adjusted
to be @grcogleds! dimed on adwrapntalsupfagas o s nfeg. 20 thapresgimes 32@f230n 240,
surfac t ! ] t er
than_ ofdara fRREeRy el iR BE3 AbABSar HENE R GE AU LR b B IS SR 20
bl ank Briiting filehil, Mhich {s ndd shebliin @k fif\at, hthasthel@es i PR0eS30, 40t hed | Nnner
surroundi ng surface of the nold for form ng glass blank is regulated to be
| eb& t Rathorhit aythalcirels Cll yith aansant velogity i an wwassdpdravanner: while ratfining ths

roughnes f the | r..surroundi rface of the ld hs. set t.o be wthin
the r agaoarer e SioRih 1R Rt E pBERuls, * FFR. b Bbod BeRE L
the gl aembbd @tke Brest beifs {sHBuiS B the QumbBEOR RS Sindfed tH €his ANABHerS UMhe washibeg
surface of the nold can be set 'to be a nore greater value. However, if the
sur f acef tirugrase saitpfis Wdeteryingd sapprapalatey, ed@@é@ggg PO boW mashelasy blgks ard ne i s
r equi r%lddnfl%rc gé'vr‘}g%ing‘ argfté)r%liiesd}ﬁmng' Therefore, it is preferable to set the
surface rougﬁhess 0 Tie gl'ass bl ank B (nanely, the surface roughness of
t hes | NEU58P Ur MasitinEdasWutleCE! 105 ptdveddiibdye & QatlR pvéitibh TLIWIECK &nggoiff of rom
0.01 p.mto 1 gm even if the cutting of the glass blank B is not '

per f or theccird ©096] Fhe nivdten glass ondetgdlil nepatingeuslc disdwoges gr inaliem glass mpteritbr ned
usi ng t;he di nd sheets, 410. wever ot-her.fjxe br asi ve gr.ains

hel o gD At B Clsdne e SR HEle TR PR LAREREREE IR bRy 410
For exaatphg, unith6 fornibeminkey i o8 satheDBoRaN biagd nRferfllGH pkdiadeddbétR@EMGhd S
performed with a plurality of dianond particles, which are conbined by a
resi n amwitesgdgse@uilet Al lpand Ge-dadkeposiiiopeCL asThé eutting awitalHOaisifor ceftiag e

97] Af h i_ndi. by.th .xed i) i d surf :
oot 1 o iyen b el S ubidser of Wi PROAS St h s tie cBle B RiFrign ng,

an end2pwif meefigt dnlRIMAR! FuftheH iR QMG Shale nddtah faRurRpd appHratas eant bd he
outer circunference side are mrror-finished by brush polishing. At this

tinme, gowfigwed sudhtthattthe geb isiésmie pé apglass matesaldfavingr lownyissdstie vaingl ogee

rains, 1s use By renmpvin oi l,age on the. e rface of the gl bl ank
0 © sueoriind BRAG oo RN o Op ARG RN S5 huls AP 2 R efd AGT eBolaiad e o *a
scr at cRrestitrigvaiioReAftemBtivdy, tthe s8R thSd ReBedBhiySWitRAGhe SO HITHERE MRS as
precipitation of an ion which can be a cause of corrosion, such as sodi um

or2pot akwinin another beanple (gt ¥l thoHsgpmbediment ¢ftheinvgotienshi ng i s perf or ned

on the iL,n surface of ..the grinded al. | ank B. /A width removed at the
rrst - BTROL P REEm PR, it G105 P 280 Dl egh ormid O AR eS8 . ve
of theafid BImARY SatNtihe wihen LREBY Biedhreshmits D2@ndoa24Lhpd 180 IO thobdigh are
remai ning on the main surface as a result of grinding with the fixed

abr asi pesitjemiCis. 1 this ranihadimient & dlisksshaprsl glasmilianky Biévformed 0§ casthing ond t he

rindin ith the.fixed rasiyv rains i.s used int first polishing. The
ol | owPRighinedns iging £ierEReaB st tan prnitds it esdhaudf piess by, :3¢ o0F
poi ¢ shighRg eaibddintis 9ri ndi ng devi ce 400. 20a) Loose grains which are mxed in

a slurry are used instead of the fixed abrasive grains. b) A resin polisher
i s used0(60%t eEdchodf thkeprels amisn ¢l wdinghetatehtd thd SO ths catek positisr s, airliss arsed

for the first poljshing, for e ., fine particles aof ceriumqxide_(grain
sive: | MeaiidecTophinsiiing B o EURt fi aps whEaherehy Ending vl RRy

[ 0100] A€ rat bhelchde piksitRAIRIS WG tHeste@! @8ShARIRBK nRved aE&ﬁ@%Qie?Vees from
strengthened. As a 25 chemical strengthening |iquid, for exanple, a m xed
liquid of potassiumnitrate (60% and sodiumnitrate (40% is used. In the
chem cal strengthening, the chem cal f#rengthening liquid is heated to a
tenperature, for exanple, in a range of from 300 degrees in Celsius to 400
degrees in Celsius, and the washed glass blank B is preheated to a
tenperature,. for exanple, in a range of from 200 degrees in Celsius to 300

o ~ e Y T N - o o




'[0101] In this manner, when the glass blank B is soaked in the chem cal

strengthening liquid, [ithiumions and sodiumions on surface |ayers of the
gl ass blank B are replaced with sodiumions and potassiumions, which have
relatively large ion radii, in the chem cal strengthening |iquid,

respectively, ther elc)%ost rengt hening the gl ass blank B. Then, the gl ass

5bl ank s ¢achyaepiaen Clotheapahpl &10ldi elopachaftbel st Anifs i opened fafl dhe glass s
washed; wi ter, [ | o)), €lc. 10 xt, a.second
por 1 anP gk B RS Sl cohUeyr 3PRE AR acB peRNPlikre Bk oA R R s

st r engtiecalihgands Slihkiad &ahdfyrmngshe dlassolmidiol at By Grodesd. he second
polishing is, for example, 1 gm An objective of the second polishing is to
mrror I'}Jgili shNexk theathird apshodiaens of shesprependinveatipe & eiplainesd. ddig ceisusdde i n

the. fi Li shi i1S ..U for the sec i. SN . The fql | gw t WO
poieEﬁt swge&vegg?fgﬁ %rser@l%ﬂek: rgggﬁCttu SEfPPEE %Bg{zﬁs t?%lés elgpg‘élﬂlleggti .‘(gés)snl%a?l@pe

and a panhbfachgingiapparafus BOE ihdQES fOUIrdIres wdite 300.f 3380 840, .and )3 561K BIOE S8HiPén @
resin polisher is different. [0103] As the | oose grains used for the second

pol i shRsicler? definpdpinea vertigd syefred. c | Assshowmipdog| dithkabress 1itsa320g830.:348i ze:

Next b o B spake Mot B0 RuR LT B e P et b Ebies Sl " e

ar e usefbifigd msasd)iwtGeh Widt shben sleemﬂ%rme,l s tanthe pred! @86 320D380,3840, T @
magnetic disk, such that a flatness of its main surface is |ess than or
eqgtal 880 arbiframathe cidlef(Gewith e wghvie yelycity inammitegratad fraorethubilaretainingdlee
uneven f less n or -.equal..to 0.2 nm_.is gbtalned.. 20[ 0105] The

magnet ?%B%ﬁtgf dllsggq‘cg% ﬁé‘aV eﬁrfl ﬂfegl}éﬁighnbgo_ r’lngféfr:sss _,q}nétlsjc hlg ki he& aﬁ'ﬁ)glr?eﬂsc@igba({flélp?n%n t he
gl ass siebpihibéreofl GE pro® WRGNStHoE 16kisdd, toMrug Nanldaghe IR@IbeE T RE phdds fs above
processes. Specifical I%/y, for exanple, an adher ent | ayer, a soft nmgnetic

| ayer , deteripinpdgnpioptatghed depepding om howrmpmaglasngliaks ere meowfdetnred) witkin, a a
prot ect | ..and a lubricating |layer are sequentially |amnated. For

t he aqhter%gtﬁb%?ﬁgégme'for exanple, a G alloy is used. The adherent |ayer 25
furct i poUB2ps A thaly@r gladhRie™ 119 pkRedcd! BE e § BisH p&lifon ELT wWhillR isPhdinfiGONEL i C
| ayer, for exanple, a CoTaZr alloy is used. For the nonmagnetl c under |l ayer,
for ex#igptiele §2gr Fhemoltcn ehasaghdet Tl 1| copinuguslyudisehargasra mhlien glasy material

magnet i ¢. r.ecar di l.ayern, fop exanple, a gar | ar netic layer i s used.
Addi ti Ildg}aldf)y,nw%digt%gglﬁ?%taéc{}ﬁenﬂo R &flass a‘gﬁEP grl ?a?ﬁﬁ%dﬁrsbfenﬂﬁ?)é%?% bﬁ'h is
used, addltibnra tdingUBXit GBDI BE fbiAYiBE .2 &6b ITXBERhSIterd ofabd Htd¥0 SEPrOAIELS] N
is used. 30 [0106] To explain the above |ayers using a nore specific

exanpl eetviche thcomplien glgsd eyttet $1hered degeataht pesition €br nddeentthgt uniod8Q isdormai n

S aces,_..of the glass substrate i ng. an i p-1i.ne ttering device: .an
e ol i Boftefiphesd WRRELT AR BiBR af ety oREY SRSy Sirgr
nonmagagl i160 GFi@n2) &f the ARsBGMSIdikentNd EuHBNEtheAflasEMHnR! Adnu Bt AN Mbfkatus

magnetic layer of CoCrPt-Si02.Ti02, and a protecting |ayer of hydrocarbon.
Addi t i earabe sonfiguradiraich gyat thesgoblisjarmedfofatmash oraterial hayieg $ow aiscomityi usitg ang

| f f | |yether s f d with.t ' thod, [0107] Fuyrt her,
t e cnirk R RoRE PRI s 8L SREr Hlabthis (e Be TR smboinéle GSeh shi ng
5 procefeseiNfvdnfien SAREMAG RYY, itBOLHY niyHLhitmelOWRVRIth thdIotPfdflinPholdIgse

processes are not limted to this order. The second pol I'shing process
shul dshyevipiarangthep exaninle (Figh® dfithesfirspembedimegt glitbe ssntibut t he cheni cal

streng i ng oces an _be arranged ropri ately. .For anpl e, the

cheni ¢ L(fb%[si l re ﬁ’ﬁeﬂf’ﬁﬁﬁ‘ﬁ%tc gl?scuété“hgg put S@ff‘lfrtfﬁe aogf‘%/rg‘r‘n%)g‘r"ﬁé_rlg%%ﬂ%tﬂﬂs% econd
pol i shad@ BHREES Solf L& BhBMheR bne BE RGPS UnHEB23,)330HINRURA 356 1 4t e Rr@ress
order 1, a surface 10 unevenness, which can be arises during the chem cal

st r engpéem§Lpr doethis, embodimenty erdiskeshapdhglass blaiek & deforined Wiyi cabchigeand

or oces e G PGt B ciny Pae SRSl WEh SoT of G b1 Do RS, o

COIWOSKidt embodinidae gl ass bl ank B according to the first through the third
enbodi ments of the present invention is explained. It is expected that the
gl ass H08Ak BEashedf the press units, which catches the gob at the catch position CL’, orbits on

-the circle C2 while closing the molds of the press unit, thereby cooling the glass blank B.

Then, at a release position RL’, where the press unit has been moved about 270 degrees, the
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15 for an information recordi ng medium such as a magnetic disk, has

chem cal durability, a high rigidity, and a high coefficient of thernmal
expansion, and that the glass blank B can be chemi cally strengthened and
has a high thermal resistance. [0109]1f the chem cal durability of the
glass bl.ank B js |ow surface roughness arises when the surface of .the

gl ass BtiaAkmpldsof srchicdshenrest uniidhapenedndn s sbadieey, »ArYiRg Machaismy ank B
20 is it - r: il L - nent,
such” alo AR in O FREEL I Avidkd Rcnlifl IMBANPEIIL plches ot SREROTEC
and t hthenpderet ipositidyieRLY, oihnméd heridohenl sdirdcdice OBy tieviaghht rmdid UP thatmged.
[0110] I n addition, since the information recording nediumis rotated at a
hi gh spe@zentgl dirgetion at the relegse position Bly, tl@%lﬁswérﬂ%ﬂawl@eé Ofe Poldditpmhich es
th a ti i . of or [t is
exgbct 2AePISS e sfueoBEE ShBg Hosof SpE bbbiifhs ARl SGE oh BRI Gt ¢
modul uspwirdsgiesetibh ©f eh@ s¢ledse PaditiodSR1L’s ahdugtion mikbhadifmiridoeis, provided.de€Thet 0
allow the informati on recording nediumto be rotary driven, a spindle is

at t acheistign mesBanigme3 POciugkdthgtelass dlaknB on the mahd LPrndrvdls it glegsclpek By

medi u n , [ . j j | al i e.
When t %&éggﬁdﬁ&%%nHgfﬁéﬁhg%gﬁg?%%§§®f%%sggggé8F€€$ﬁ%%?dﬁﬁg?ggﬁgﬁgﬁgﬁ%riven
by a npioeidedtingrofimig] withnkke tdleasé PoSitioMRION The glagd bankdl tramsfaisel hedieed by
a heat generated by the nmotor. At this tine, if a coefficient of therma
exifansFveEer 8 He biyrthe sHetiqromeckadydiXeg iseteingtermed towardsamickt Rfocessy s fect to
t hat 0%nﬁ@§ Spighdl e, then there are some possibilities that a load is
applied to £'He i nf or mat i on recording nmediumby a thermal stress in the

~ spi ndl @0638nd Thel ik it @rdiis tBepddsat@thkomahiacturih® appirh@e ofahe it ghe

medi um [0112] Further, in order to prevent brittle fracture, it is required
t hat t BrEOnehf @rdnihiei Girdr erebrdimarts rafdiha rresent Huienten dgsceibed sheveeifed Paitheh it s
mai n i ' SS. # : . nmat erd , [ t he
ot ass BPEHR lafed s 8don IRRIR Gifer bR el Bodit FaIEMET,
i 113 s preasIdvaitibAad néthengtdmsthblaBoksddstebeideoniigurtioeNFsr eamite, dotent s.
[0113] Further, with a density gromh of the magnetic disk, a direction of
magnet theapdiopl Bgkisrandaelufy thehspagers bdditiopalhye thedprssupph e be Thangdan ¢
changealineggg ﬁé&ﬁﬁ%ﬁ Qiof magneti zati on by the outer disturbance, as much
as possfﬁfe, RRERS préferable to enhance a Ku 10 val ue by procesging the
magnet im6b{ayeﬁg@.f 6lahendBBNehow plifikviaks af i Gasst @MPOF ahiyleRamble. | $i§>@@@)€t ed
that the glass materials which formthe glass blank B have high thernal

resi st 8ifessa stgis iaswineh atfgsigmald endea seagad orotd teroseperated, fnd&igitéblothortie gl ass
S tr faor..t.he netic disk,.even i.f the gl ass, substrate IS progessed
20 hRf i TS rTRE S w3t bebin B RS PR HES srRrB G T he

gl ass bhdaklabs bkl GhfoRAed. c ETE frads unkB00Whawh lih Figs. &aa@h(o) ilwict ¥ fraand a

hi gh coefficient of thermal expansion, and which can be chemcally

st r engPPlbribel izsianald S 13, the ghcandaneld] 520e 8 ifsstaditvs, unitsS3s apdp|seepnd dtbigwmit ed t o
standa$%30xidation products and expressed in nole percentages, it includes,
50 to Yo of Si02, 0 to 15% of Al 203, 205 to 35% in total, of Li20, Na20,
and K2@069] t oTBS Hrstinfolll Gt alis a%ﬁatéfﬁl% nfedBer 2hdis EBgurdcto Lafh LAdidy s 15%
intotal, of Zr02, Ti02, La203, Y,03, Ta205, Nb205, and Hf 02.

[ (R515] mithtitsdnnerisprrownibng sufdcenbthe Jeft side pyréars intherfigise)ng lmaddition, mepluabity it i s

clear, L is.preferable to a 0.1 - 3, ut er, rcent age by..m
S ot abfinsh A PL SR S e LRI Sorgrecn B B Ml BB LG e M 1o e et
cont ai gade an@Bny iAfludR-Dxeele FI1t Hf § BHBACIH1dRIE al PHH32C el aicaﬂ%pﬁﬁ‘g')ls?& of

Sn- oxi de and Ce-oxide (mass of Sn-oxide/(inass of Sn-oxide + mass o
Ce- oxi dbg ylepwe P10 fixed t@the framedPlaf t@n thechirdianddhenalihiZsis dixgd tothel first

cont ai pe unt s ,of. gl ass. el ement.s, are_expr.essed | | ar rcent age,
cxcept "k bat o 2gfief PEEoTsBiEe o ARt B et Pt i 1 e B
Cez®Xi Sigeds 33 18X D4l ih FigBi8), REA SR MGRhich the first mold 511 is not catching the

gob GG, the rod 532 is sucked into inside of the sleeve 531, and the coil spring 533 is

compressed.

[0068] The second mold 520 includes a mold main body 521, a guide frame 522 to guide
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30 [0116] SIO is an elenment for formng a glass network, and it is an
essential elenent having effects to inprove stability of glass, chem cal
durability, and, especially, acid resistance. The above effects are not
sufficiently .obtained if the contained amount of SiQ2 is |less than 50% |If
t he contai ned amunt exceeds 75% then_undi ssql ved substances arise in the
gl ass, thsrmelddpain bpdy 821, @Rd agyhader ypit5E3 tq mewe fiikanoldimaia bedwalpng Bedwids t oo

hi gh a se . t he j IR AN Q hsuffi ci ent

Thor ef BB PRe  daeral e A FAT SFg Bl 3pEF aPSERERRE W Bhess 1o

75% [ O/hich] oAh 208urateBoconabt fin bubes dfdoifwairding fie: 194 23b methwespect totthtiglsews f ect s
to inprove glass 5 stability, chemcal durability, and at the sane tine, it

has an52} {feF examplena hdealic shlindeeharide sleveS2amantivereis halguide Eage Rédi ng i s
perf or I Nt ad f. ce %, 1. in

per% or fgrigﬂ(t:hg ltoofi a?%g) 13?%;%?%2@%313«%1%3%%,@'%%2 5‘th)rilbli gg%ln\%(g n%% ?i%gﬁcgs %agnbcf to be
ar i senmohed badkadidl fbith alone thogiitle Gampt520fbytdiiRinpathe exipates unin 523, dElgy mdrid and
the Young's nodulus is degraded. Therefore, the contai ned anount of Al 203

i s prefampbedy 321 is arphatedikemambeoend s5wmnfipwred 89 catolptheNaltiog gahavith(ig0inRer e

ef fect L r t ner.f e ability of the gl ass.
Addi t i g‘%{%‘ﬁ“f}@t 9%%@@%@# HaR RE LN AR N EE0 LT LY ant of Dot

expans{ma9] | f AsplaalityasNdd sasardndrivelunids 3P aNapfvideddn RAvdes th€geidt Hagmb%
then the above described effects are not sufficiently obtained. If the
cokt ai ASYH OAkprcond drld S285md ths frames SehenThampecdnd dpivingt ynit AHY incdyslesiaal |y,
aci d regsistanc . r d | . i Lty the ql,assci s
Gear adet g Sy SR s B AR Fon Sbib et ofle I05BuDE &0 (e

t her matherfesn s S@NCeOn thedriiradad. thd hey 20k €ixel Rethe gnidi gtk SAMUITH a88itibh 30,
Na20, and K20 is preferably in a range of 5 to 35% Further, anong Li 30,
Na20, Hetorkzpring 59 ispischedan petiwgen theeguidecirame SPHard thelsleewt adls  tAashoMmi on
t enper at gire Q[ Q . Q. _Sr0, ~nand ZnO. have eff t o i.pprove
the el Fiooabit 8 HhicE RS asR oS0 R BEME Ge ot ERL el oI s

Addh t i oukkd Ynto ifdede dTal@siedvieeall Sarldaht B6il SeR 34365 668plekselient of t her nal
expansi on and the Young's nodul us. However, if a total contai ned anount of

MyO, CHW70Er 0lf thaeuctigndf HrryodxSaddty tBesieetehdd lcansnthe shctipnradtihg tadyd42ndtot he

t her mal,. s i lci of .the .gl.ass _are deaqr ade Ther ef or the total contained
amount lhc?fstl%ge Ié/éi)?‘gredaeﬁasegrlg,tﬁ (o Sﬁﬁ‘é{“%‘h & g(a r8F & agfzifaph‘ﬁ%sq%ﬁﬁgt %Pmo to
35% [ the2¢etic 031 By Qdeplgizd Forc¥ 23he Tai2 Qprind3295andaimed fitkOholtny el glifcRBts to

i nprove the chem cal durability, and especially, the acid resistance, an

ef f ect moges tgpvapd thersseondiapldai20; ard eansnmenthy the rod 3¢ 2 rapdlyrsisks eutdrom theon

t t d effect i t he Young' dul t
t gt a8 FRRRIG [ PSR e i R e afesst S0l SICEHELE 5
Y203, #R285towid @R fidheholf 821 exgedestihoXr thd8sb Ge(FE! 4(h))ds REbERERARE Of

the glass is degraded, and undissolved glass materials remain in the glass.
Ther ef Brsé maléhall endathe oanid aiatrebodynraf the sezpadmold £30, ag sho@) in V29 H(b)T 8205,

Nb205, 02 i f Ly, ] f 0 to.159 0121] Fi
enboat AP sPtonle B HShathtid S 3 7R mgniiay 3eh ochasipiide s,
condi t k& shaBedih Blakehke 5K:pE2] AdfitibHillye P dtafe B whizh 8HP B@tiod i0Tdhe rod

efficiency of the cﬁem cal strengthening. The following is a conposition of
a 2ft as83ute theaslen Biiandahe oetitionmf th&rpdcA imtnthd staspeint ] ofc 18leased, 80ipt 0

1% AT Bl R R e BTl ST et o
BaO anghognf> Ol Pkm¥n that a glass material shrinks in a process in which the glass material is
rapidly cooled from a molten state and becomes a glass. The second mold 520 of this
example drives the cylinder unit 523 depending on a progress of the shrinkage of the glass
30 material, and causes the mold main body 521 of the second mold 520 to be moved toward the
first mold 511. With this, a glass blank B,. whose surface on the side of the second mold 520

has an excellent flatness, is formed.

[0072]  Additionally, as shown in Fig. 6(b), in a process of forming the glass blank B by
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‘a total contained amount of Zr02, Ti 02, La203, Y203, Yb203, Ta205, Nb205,
and 10Hf 02: 0 to 7% [0123] A second enbodi nent i s enphasi zing the chem cal
durability. The following is a conposition of a glass material of this
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second mold.
[0075]  Fig. 7 is a front view in which a mold according to this example is projected from a
15  side of outer surrounding surface (a surface on a side which does not contact with a gob or an
optical glass piece). The mold 600 of this example shown in Fig. 7 is to be adopted for both
of the first mold and the second mold in the first, the second, and the third embodiments.
[0076] Two through holes 601 for communicating the outer surrounding surface with an
inner surrounding surface are provided in the mold 600 of this example. An aperture of the
20 through hole 601 on the side of the inner surrounding surface is placed in a neighborhood of
an outer circumference B1 of a glass blank B which is obtained by forming the gob. - An air
tank, not shown in the figure, is connected to an aperture of the through hole 601 on the side
of the outer surrounding surface. When the first mold and the second mold are opened after
forming the glass blank B, there are some possibilities that the glass blank adheres to one of
25  the first mold and the second mold, and the glass blank B does not naturally separate from the
mold. In this example, after the first mold and the second mold are opened, the glass blank
B is forced to be sepératéd from the mold 600 by sending compressed air into the through -
‘hole 601 from the air tank.
[0077]  The glass blanks B manufactured with the glass blank manufacturing apparatus of
30 the first, the second, and the third embodiments of the present invention are formed in a
disk-like shape of a true circle by chipping away an outer circumferential portion at a
post-process. As described above, in this example, since the mold has the through hole 601,

a mark of the through hole 601 is formed on the glass blank B. However, since the position
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[0081]  Inner surrounding surfaces of the first moid and the second mold of press devices
20  of the first through the third embodiments of the present invention are planes without
unevennesses. As described above, in the first through the third embodiments of the present
invention, since no deformation arises during pressing and no deformation arises because of
the thermal gradient within the glass blank, the flatness of the formed glass blank B is less
than or equal to 4 pm, which satisfies a target flatness as a glass substrate for a magnetic disk.
25  Therefore, in the procedures explained below, no process is performed to adjust the flatness
| (for example, a wrap process), and the glass blank is processed to have a desired shape and a
desired flatness value.
[0082]  Further, since both of the inner surfaces of the first mold and the second mold of the
press devices of the first through the third embodiments of the present invention are planes
30  without unevennesses, no local stress, which could be generated by engaging the glass blank
with an uneven portion when the molten glass material is cooled (shrunk), is applied to the
glass blank B. In addition, in the first through the third embodiments of the present

invention, pressing is performed without contacting the molten glass material to the inner
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surrounding surface of the spacer of the mold. Therefore, no local stress, which could be
generated, if the molten glass material contacted with the inner surrounding surface of the
spacer was cooled, is applied to the glass blank B. Therefore, with the press devices of the
ﬁrst through the third embodiment of the present invention, a high-flatness glass blank B
5  without an unevenness, which could be generated by the above described local stresses, is
obtained. In addition, no crack, which could be generated by the above described local
stresses, is generated in the glass blank B.
[0083]  Further, “the plane” of the inner surrounding surface of the mold in the above
description means a smooth surface on which no visual unevenness can be found, and with

10  which the glass blank B which satisfies the target flatness as the glass substrate for the
magnetic disk can be eventually obtained. For example, a surface including, at ordinary
temperature, a shallow (difference in height is less than or equal to tens of pm) curved surface,
for which a thermal deformation of the mold during pressing and a shrinkage of the glass
blank during cooling are taken into consideration, is included in a range of “the plane.”

15 [0084] Hereinafter, processes to obtain the magnetic disk from the glass blank is explained.
As described above, it is necessary that the outer circumference of the glass blank B is shaped
in a true circle of a desired dimension. Further, the magnetic disk is required to have a hole,
to which a spindie for spinning the magnetic disk is attached. The hole is concentric to the
outer circumference of the glass blank B, after shapihg the outer circumference.

20 [0085] The shaping of the outer circumference of the glass blank B and the formation of
the hole of the glass blank B are achieved by scribing. The scribing means that forming two
cutting lines (linear scratches) shaped in two concentric circles on the surface of the glass
blank B with a scriber made of a cemented carbide or diamond particles, in order to shape the
glass blank B in a ring shape of a predetermined size having the outer circumference and the

25 hole. The glass blank B which is scribed in a shape of two concentric circles is partially
heated. Since a rate of thermal expansion of the glass blank B at an outer side of cutting line
is greater than that of at an inner side, a shear stress is generated on the position of a cutting
surface. Thus, an outside portion of the outer concentric circle and an inner portion of the
inner concentric circle are removed from a middle portion. The middle portion becomes the

30  glass blank B shaped in a ring shape.

[0086] Here, if the surface roughness of the glass blank B exceeds 1 um, then it is possible
that the cutting line is not uniformly formed, since the scriber does not follow an unevenness

on the surface. In the first embodiment through the third embodiment, the surface roughness
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of the inner surrounding surface for press-forming the glass blank B is set to be less than or
equal to 1 pm. In addition, as described above, in the first embodiment through the third
embodiment, the surface roughness of the inner suﬁounding surface of the mold and the
surface roughness of the glass blank B are substantially equal. Thus, the surface roughness
5  of the formed glass blank B is regulated to be less than or equal to 1 um. Therefore, the
cutting lines are successfully formed through the scribing. -
[0087]  Next, a shape processing for the scribed glass blank B is performed. The shape
processing includes chamfering (chamfering of the outer circumference end and the inner
circumference end). Namely, chamfering is performed to the outer circumference end of the
10 ring-shaped glass blank B and to the inner circumference end of the hole, with a diamond
| whetstone.
[0088]  Next, grinding is performed to the ring-shaped glass blank B using fixed abrasive
grains. A width removed by grinding with the fixed abrasive grains is, for example, about
several um - 100 pm. A size of a particle of the fixed abrasive grains is, for example, about
15 10 um. Fig. 8(a) is an overall view of a grinding device 400 to perform grinding. Fig. 8(b)
is a figure for illustraﬁng a carrier used in the grinding device 400. '
[0089]  As shown in Fig. 8(a), the grinding device 400 includes a lower fixed plate 402, an
upper fixed plate 404, an internal gear 406, a carrier 408, a diamond sheet 410, a sun gear 412,
an internal gear 414, a container 416, and a coolant 418. The glass blank is grinded with the
20  fixed abrasive grains for which the diamond sheet 410 is used.
[0090] The device 400 has a configuration such that the internal gear 406 is pinched
betwéen the lower fixed plate 402 and the upper fixed plate 404. The internal gear 406 is
fixed to the lower fixed plate 402 so that it does not rotate. In addition, a plurality of carriers
408 are supported inside of the internal gear 406, so as to be able to rotate and revolve. Ina
25  configuration shown in Fig. 8(b), five carriers 408 are supported. The diamond sheets 410
are adhered to a lower surface of the lower plate 402 and to an upper surface of the upper
plate 404, respectively.
[0091]  Further, as shown in Fig. 8(b), a plurality of circular holes 408a are formed side by
side on a circumference which is concentric to the carrier 408. The glass blank B is placed
30 in the hole 408a and supported by the carrier 408. When performing grinding, a pair of main
surfaces of the glass blank B contact with the diamond sheets 410, while pinched in between
the lower fixed plate 402 and the upper fixed plate 404.

[0092] When the sun gear 412 is rotated in the counter clockwise direction (the solid-lined
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arrow direction in the figure), while contacting the pair of main surfaces of the glass blank B
with the diamond sheets 410, each of the carriers 408 revolves in the counterclockwise
direction (the single-point-dash-lined arrow direction in the figure), while rotating in the
clockwise direction (the broken-lined arrow direction in the figure). With this, the main
surfaces of the glass blank B slide with respect to the diamond sheets 410, thereby performing
grinding.

[0093] As shown in Fig. 8(a), the device 400 circulates the coolant by supplying the
coolant 418 in the container 416 to the upper fixed plate 404 with a pump 420, and collecting
the coolant 418 from the lower fixed plate 402 and returning it to the container 416. At this
time, the coolant 418 is removing cut glass particles produced during grinding from grinding
surfaces, while absorbing heat generated by grinding and cooling the grinding device 400 and
the glass blank B. Specifically, when the device 400 circulates the coolant 418, the device
400 filters the coolant 418 with the filter 422 provided in the lower fixed plate 402, and
accumulates the cut glass particles in the filter 422.

[0094] Here, when the roughness of the surface unevenness of the glass blank is less than
0.01 pm, the fixed abrasive grains slip on the surface of the glass blank, and it is difficult to
perform grinding. Therefore, in order to perform grinding with the fixed abrasive grains
effectively, the surface roughness of the inner surrounding surface of the mold to perform
press-shaping of the glass blank is adjusted to be greater than or equal to 0.01 um, and the
roughness of the surface unevenness of the shaped glass blank B is adjusted to be greater than
or equal to 0.01 um. |

[0095]  As described above, in order to cut glass blank B by scribing, it is required that the
surface roughness of the inner surrounding surface of the mold for-forming glass blank is
regulated to be less than or equal to 1 pm. Namely, in this embodiment, the surface
roughness of the inner surrounding surface of the mold is set to be within the range of from
0.01 ym to 1 um. However, if it is not required to cut the glass blank B, then the surface
roughness of the inner surrounding surface of the mold can be set to be a more greater value.
However, if the surface roughness of the glass blank B exceeds 10 um, then a longer time is
required for grinding and polishing. Therefore, it is preferable to set the surface roughness |
of the glass blank B (namely, the surface roughness of the inner surrounding surface of the
mold) to be within the range of from 0.01 um to 1 pm, even if the cutting of the glass blank B
is not performed.

[0096]  Further, in the grinder device 400, grinding is performed using the diamond sheets
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410. However, another fixed abrasive grains including diamond particlés can be used,
instead of the diamond sheets 410. For example, the grinder device can be configured such
that grinding is performed with a plurality of diamond particles, which are combined by a
resin and shaped in a pellet-like shape, as the fixed abrasive grains.

5 [0097] After the grinding by the fixed abrasive grains, end surface polishing of the glass
blank B is performed. At the end surface polishing, an end surface at the inner
circumference side and an end surface at the outer circumference side are mirror-finished by
brush polishing. At this time, a slurry, which includes fine particles of cerium oxide as loose
grains, is used. By removing spoilage on the end surface of the glass blank B, such as

~10 | contamination in which a dust is adhering to, a damage, or a scratch, through performing the
‘end surface polishing, occurrence of precipitation of an ion which can be a cause of corrosion,
such as sodium or potassium, can be prevented. - |
[0098]  Next, a first polishing is performed on the main surface of the grinded glass blank
B. A width removed at the first polishing is, for example, about several um - 50 pm. An
15 objecfive of the first polishing is to remove a scratch and a deformation, which are remaining
on the main surface as a result of grinding with the fixed abrasive grains. A similar device
as the grinding device 400 used fof the grinding with the fixed abrasive grains is used in the
first polishing. The following are two differences between the device used for the first
polishing and the grinding device 400.
20 a) Loose grains which are mixed in a slurry are used instead of the fixed abrasive grains.
b) Aresin polisher is used instead of the diamond sheet 410.
[0099]  As the loose grains used for the first polishing, for example, fine particles of cerium
oxide (grain size: diameter of about 1-2 pm) which are mixed in the slurry are used.
[0100] After the first polishing, the glass blank B is chemically strengthened. As a
25  chemical strengthening liquid, for example, a mixed liquid of potassium nitrate (60%) and
sodium nitrate (40%) is used. In the chemical strengthening, the chemical strengthening
liquid is heated to a temperature, for example, in a range of from 300 degrees iﬁ Celsius to
400 degrees in Celsius, and the washed glass blank B is preheated to a temperature, for
example, in a range of from 200 degrees in Celsius to 300 degrees in Celsius, and after that, it
30 .is soaked in the chemical strengthening liquid for 3 hours — 4 hours, for example. At this
soaking, in order to chemically strengthen the both of the whole main surfaces pf the glass
blank B, it is pfeferable that the soaking is performed in a condition where the plurality of

glass blanks B are stored in a holder, so that they are supported at their end surfaces.
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[0101] In this manner, when the glass blank B is soaked in the chemical strengthening
liquid, lithium ions and sodium ions on surface layers of the glass blank B are replaced with
sodium ions and potassium ions, which have relatively large ion radii, in the chemical
strengthening liquid, respectively, thereby strengthening the glass blank B. Then, the glass
5 blank B is washed. For example, after washed with sulfuric acid, it is washed with pure
water, IPA (isopropyl alcohol), etc.
[0102]  Next, a second polishing is performed to the glass blank B, which has been
chemically strengthened and sufficiently washed. A width removed in the second polishing
is, for example, 1 um. An objective of the second polishing is to mirror-polish the main

10 surface. A similar device as the device used in the first polishing is used for the second

polishing. The following two points are differences from the first polishing, at this time.
c) Atype and a particle size of the loose grains are different.
d) Hardness of a resin polisher is different. |
[0103] As the loose grains used for the second polishing, for example, fine particles of

15  colloidal silica (grain size: diameter of about 0.1 um) which are mixed in the slurry are used.
[0104] Next, the glass blank B is washed. A neutral detergent, pure water, and IPA are
used for washing. With the second polishing, a glass substrate for a magnetic disk, such that
a flatness of its main surface is less than or equal to 4 pm and surface roughness of its main
surface has a surface unevenness of less than or equal to 0.2 nm, is obtained.

20 [0105] The magnetic disk is formed by forming layers, such as a magnetic layer, on the
glass substrate for the magnetic disk, which has been formed in the above processes.
Specifically, for example, an adherent layer, a soft magnetic layer, a nonmagnetic underlayer,
a vertical magnetic recording layer, a protecting layer, and a lubricating layer are sequentially
laminated. For the adherent layer, for example, a Cr alloy is used. The adherent layer

25  functions as a layer adhering to the glass substrate. For the soft magnetic layer, for example,
a CoTaZr alloy is used. For the nonmagnetic underlayer, for example, a granular
nonmagnetic layer is used. For the vertical magnetic recording layer; for example, a
granular magnetic layer is used. Additionally, for the protecting layer, a material made of
hydrocarbon is used, and for the lubricating layer, for example, a fluorine-series resin is used.

30 [0106] To explain the above layers using a more specific example, the following layers are
sequentially formed on both of the main surfaces of the glass substrate using an in-line
sputtering device: an adherent layer of CrTi, a soft magnetic layer of CoTaZr/Ru/CoTaZr, a

nonmagnetic granular nonmagnetic underlayer of CoCrSiO,, a granular magnetic layer of
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CoCrPt-SiO,-TiO,, and a protecting layer of hydrocarbon. Additionally, at the top most
layer of the formed layers, a lubricating layer of perfluoropolyether is formed with the dip
method.
[0107]  Further, the chemical strengthening process is performed between the first polishing
5 process and the second polishing process. However, the order of these processes are not
limited to this order. The second polishing process should be performed after the first
polishing process, but the chemical strengthening process can be arranged appropriately. For
example, the chemical strengthening process can be performed after performing the second
polishing process (hereinafter, process order 1). However, in the .process order 1, a surface
10  unevenness, which can be arises during the chemical strengthening process, is not removed.
Thus, the order in which the chemical strengthening process is performed between the first
polishing process and the second polishing process is more preferable.
[0108] Next, a composition of the glass blank B according to the first through the third
embodiments of the present invention is explained. It is expected that the glass blank B used
15  for an information recording medium, such as a magnetic disk, hés chemical durability, a high
rigidity, and a high coefficient of thermal expansion, and that the glass blank B can be
chemically strengthened and has a high thermal resistance.
[0109]  If the chemical durability of the glass blank B is low, surface roughness arises when
the surface of the glass blank B is processed or washed, and the flatness of the glass blank B
20  is degraded. In addition, there are some possibilities that a component, such as an alkali
component, precipitates on the surface of the substrate, and the magnetic layer formed on the
surface of the substrate is damaged.
[0110] In.addition, since the information recording medium is rotated at a high speed, if its
rigidity is low, then there are some possibilities that a deflection is generated by a centrifugal
25  force. Therefore, it is expected that the glass blank B has a high rigidity, namely, its Young’s
modulus or specific elastic modulus is high. '
[0111]  Further, in Qrder to allow the information recording medium to be rotary driven, a
spindle is attached at the hole formed at the center of the information recording medium. In
general, a stainless steel is a main material of the spindle. When the spindle and the
30 information recording medium are rotary driven by a motor, the spindle and the information
recording medium are heated by a heat generated by the motor. At this time, if a coefficient
of thermal expansion of _the information recording medium is too small with respect to that of

the spindle, then there are some possibilities that a load is applied to the information recording
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medium by a thermal stress in the spindle, and a deformation is generated on the information
recording medium. |
[0112]  Further, in order to prevent brittle fracture, it is required that the information
recording medium is chemically strengthened, when its main material is a glass. Therefore,
5  glass materials, which form the glass blank, are required to be able to be chemically
strengthened, namely, it is necessary that the glass blanks include Li elements or Na elements.
[0113]  Further, with a density growth of the magnetic disk, a direction of magnetization
can be easily changed by an outer disturbance. To avoid changes in the direction of
magnetization by the outer disturbance, as much as possible, it is preferable to enhance a Ku
10  value by processing the magnetic layer of the magnetic disk at a high temperature. It is
expected that the glass materials which form the glass blank B have high thermal resistances,
so as not to generate a deformation or a fracture on the glass substrate for the magnetic disk,
even if the glass substrate is processed at a high temperature.
[0114] It is preferable that the composition of the glass blank B, which has chemical
15  durability, a high rigidity, and a high coefficient of thermal expansion, and which can be
chemically strengthened and has a high thermal resistanée, is as follows. Converted to
standard oxidation products and expressed in mole percentages, it includes,
50 to 75% of Si0,,
0 to 15% of AlLO;,
20 . 510 35%, in total, of Li,O, Na,O, and K,O,
0 to 35%, in total, of MgO, CaO, SrO, BaO, and ZnO, and
0 to 15%, in total, of ZrO,, TiO,, La,0s, Y O3, Ta,05, Nb>Os, and HfO,.
[0115]  Further, in order to improve easiness of rinsing at a time when it is clear, it is
preferable to add 0.1 — 3.5 outer percentage by mass of Sn-oxide and Ce-oxide, in total. In
25  this case, a mass ratio of a contained amount of Sn-oxide with respéct to a total contained
amount of Sn-oxide and Ce-oxide (mass of Sn-oxide/(mmass of Sn-oxide + mass of Ce-oxide))
1s 0.01 — 0.99. Hereinafter, contained amounts and total contained amounts of glass
elements are expressed in molar percentage, except indicated otherwise. However,
contained amounts of Sn-oxide and Ce-oxide are expresséd in mass percentage.
30 [0116] SiOs is an element for forming a glass network, and it is an essential element
having effects to improve stability of glass, chemical durability, and, especially, acid
resistance. The above effects are not sufficiently obtained if the contained amount of SiO; is

less than 50%. If the contained amount exceeds 75%, then undissolved substances arise in
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the glass, or viscosity of | the glass at the time when it is clear becomes too high and,
consequently, the easiness of rinsing becomes insufficient. Therefore, the contained amount
of Si0;, is preferably in a range of 50 to 75%.
[0117]  AlLO; also contributes to form the glass network, it has effects to improve glass

5 stability, chemical durability, and at the same time, it has an effect to increase ion-exchange

rates when chemical strengthening is performed. If a contained amount of Al,O3 exceeds
15%, then melting performance of the glass is degraded, and undissolved substances tend to
be arisen. Additionally, the coefficient of thermal expansion is degraded and the Young’s
modulus is degraded. Therefore, the contained amount of Al,Os; is preferably in a range of 0

10 to 15%. -

[0118] Li;O, NayO, and K,O have effects to improve the melting performance and
‘moldability of the glass. Additionally, they have an effect to increase the coefficient of
thermal expansion. If a contained amount of Li>O, Na,O, and K,O is less than 5%, then the
above described effects are not sufficiently obtained. If the contained amount exceeds 35%,

15 then chemical durability, and especially, acid resistance are degraded, and thermal stability of
the glass is degraded. Additionally, a glass transition temperature is lowered and the thermal
resistance is degraded. Therefore, the contained amount of LiO, Na,O, and K,O is
preferably in a range of 5 to 35%. Further, among Li,O, NayO, and K,O, Li,O has the
largest effect to lower the glass transition temperature.

20 [0119] MgO, CaO, SrO, BaO, and ZnO have effects to improve the melting performance,
moldability, and the Young’s modulus of the glass. Additionally, they have effects to
increase the coefficient of thermal expansion and the Young’s modulus. However, if a total
contained amount of MgO, CaO, SrO, BaO, and ZnO exceeds 35%, the chemical durability
and the thermal sfability of the glass are degraded. Therefore, the total contained amount of

25  MgO, CaO, SrO, BaO, and ZnO is preferably in a range of 0 to 35%.

[0120]  ZrO,, TiO,, Lay0s, Y203, TasOs, NboOs, and HfO, have effects to improve the
chemical durability, and especially, the acid resistance, an effect to improve the thermal
resistance by rising the grass transition temperature, and effects to increase the Young’s
modulus and fracture toughness. - However, if a total contained amount of ZrO,, TiO,, La;0;,

30 Y03, TapOs, NbyOs, and HfO, exceeds 15%, then the melting performance of the glass is

. degraded, and undissolved glass materials remain in the glass. Therefore, the total contained
amount of ZrO,, TiO,, La;0s, Y703, TayOs, Nb,Os, and HfO, is preferably in.a range of 0 to
15%.
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'Li qui dus tenperature 840 920 1000 1080 1180 (degrees in CBIsiuS)
G ass transition tenperature 500 505 535 665 700 (degrees in Cel sius)

10

15

20

25

30

[0121] Five embodiments of the glass materials satisfying the above described conditions
are explained.
[0122] A first embodiment is emphasizing efficiency of the chemical strengthening. The
following is a composition of a glass material of this embodiment: |

a contained amount of SiO;: 60 to 75%,

a contained amount of Al,O3: 3 to 12 %,

a total contained amount of Li;O, NaO, and K,0: 23 to 35 %,

a total contained amount of MgO, CaO, SrO, BaO and ZnO: 0 to 5%,

a total contained amount of ZrO,, TiO,, La;0;, Y>03, Yb,0s, Tay0s, Nb,Os, and
HfO;,: 0 to 7%.
[0123] A second embodiment is emphasizing the chemical durability. The following is a
composition of a glass material of this embodiment:

a contained amount of SiO5: 60 to 75%,

a contained amount of Al,O;: 1 to 15 %,

a total contained amount of Li,O, Na,O, and K»O: 15 to 25 %,

a total contained amount of MgO, CaO, SrO, BaO and ZnO: 1 to 6%,

a total contained amount of ZrO,, TiO,, La;O;, Y>03;, Yb,0s, Ta>O0s, Nb»Os, and
HfO,: 1 to 9%.
[0124] A third embodiment is emphasizing high rigidity. The following is a composition
of a glass material of this embodiment: .

a contained amount of SiO,: 50 to 70%,

a contained amount of Al,O3: 1 to 8%,

a total contained amount of Li,O, Na,O, and K,O0: 12 to 22%,

a total contained amount of MgO, CaO, SrO, BaO and ZnO: 10 to 20%,

a total contained amount of ZrO,, TiO,, La,0;, Y>03, Yb,Os, Ta,0s, Nb,Os, and
HfO,: 3 to 10%.
[0125] A fourth embodiment is emphasizing a high thermal resistance. The following is a
composition of a glass material of this embodiment:

a contained amount of Si10,: 50 to 70%,

a contained amount of Al,Os: 1 to 10%,

a total contained amount of Li,O, Na»O, and K,0: 5 to 17 % (here, Li,O: 0 to 1%),

a total contained amount of MgO, Ca0, SrO, BaO and ZnO: 10 to 25%,

a total contained amount of ZrO,, TiO,, La;O;, Y>0s, Yb,03, Tar0s, Nb;Os, and
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‘[0132] Herei nafter, the glass blank manufactured with the gl ass bl ank

manuf acturing 5 apparatus of the enbodi nent of the present invention
‘expl ai ned above (a first exanple) and the glass bl ank manufactured with a
gl ass bl ank manuf acturing apparatus with a conventional configuration (a
first gﬁgparatigﬁ exanpl e) are explained. [0133] (Exanple) The glass bl ank
B, whi p'd 9dédeas t he gl ass substrate for the magnetic di sk and whi ch has
a dia of A7 : all . .9 i c Sy gl ass
b1 ank gl actiy gaOhnta i GHBRRPIRA 2 Hiéh BimdfeBLaRe Sk Hallg bl 0 ¢

of t heceqeffsient ofi thererd ievpansion. t Tae ffaldvang nga pompedtisrest a gladd Bvidral sf thid he
glass materials are prepared so as to obtain the conposition of the first
embodi FEREAIMENtapl e 1, and are poured into a glass nelting furnace. Then

t he- gl ass mat er.j al.: I _.GaL HEded, and honogeni zed. The obt ai ned
nnﬁ%en gl ass ?Sb@%égﬁgﬁae ronf?QZBZéﬁfen glass outlet 111. A tenperature
of the noltenagbmsimedramenntalf Al®d0sclsr,ged fromthe nolten glass outlet 111

is 1300 degrees in Celsius, and at this tine, the vi §COSiti,iOf 10 the
mol ten gl ass AdttakGontained amsynbef kieO, Randd: end KaOr ¢ to £ & Mpeers, diadk Odp 10hle fi r st

and second no e JLEs: Fﬂ% , d e controlled
to be around ég%a] é)a{raggeg in é‘é si ? %@ﬁé‘?%ﬁé}%‘g‘} tzﬁ bﬁlg)gsssa}?fateri al LG

di schar ged fr envtaheomaihéd amghmsst O] &10:11h,08 YAQ;, ¥p,0))eTacOf, INM@sumid 160,
and the gob GG with a dianeter of about 20 mmis fornmed. The gob 15 GG is
prje%sealfégi 2%Wé%ress unit with a load of 3000 kgf, until its tenmperature
beconmegy r I t L Ure .85S
mat ot B2 boonpC §Rs a8 g fohidh BNty Bak BRRFRENULS MG PSR AER MRS
t he gl ambodihrnissar8Bnids whiokl uaetadsohghédieesitting 4y, i thgr LSS @ethpartture
conpositions of the second through fifth enbodinents in Table 1, with

si m | afimietshahest 4259 Ksziess i & cladse r iFige dnamyfreainnzog aalded elass pradvspat at i ve

Ex I it h i f b f 0.9
oDl Tty ] 8500k AOACRalbL ol OB Sl ST GRS
C are entdngpeddtuetithgolttn @lass flaawial priortoer@rminRaedsingaik lsyt, toas dbrewp ther Fi g.

9(a), a nolten glass matertial discharged fromthe nolten glass outlet 911
i s cut UPRY fePE s lpitumely gbout iR Hegrees indeddsivs. pai r of cutting bl ades 961

and 25 a b i rmed., T o] [ t | 0 |.d, 921
pl aced“ﬁ@ﬁbw ?ﬂeeagrlr%ﬁgt gg%lfﬂgss{sl&ggﬁ é}tle g’i?g %d’% £ %fng% ;i/i? Qa%tr%ur%\gﬂhaﬁn&}lred and
Vi scoskeinpodinehtieareduck nthgl dstheimbligiobities at @ tile caskpas (nadiclypfabbixe1230 st

exanmpl e. [0137] Next, the lower nold 921 is noved bel ow an upper nold 922
(Fig. dessgs infelaimy) sxeqedel004Pae spid baeames dffiquido ghansrtherslags mstegiglstin®ld ed t o

b boyt. .. . s i i . rature _of the. |l ower Idis
o Dotk R R afERr Ry MEOGRELS i MitkeBegtd b HREL A GrRlulc W bR 141080 | 2
descendec albfgith eingofor Greskingr EBfeesfote) thetinanitics bE thp pREs MatdiaB2a ot t he

| ower nold 921 with a |oad of 3000 kgf for about 0.5 second (Fig. 9(c)). As
t he gob2¥Gdegrepy &k Setpivsn atsepigéagbly Hessuhgaromeual 90 2090 Rahe s| oliels mored 921,

For moarrai? AR eoshRT F ED MAAURE hl PRICPESE ASrRET e fuvea

SO as tHanhe egepas AN -gam bel ow the upper nold 922. Next, after naturally
cooling the glass blank B for a defined period of tine, the glass blank is

t adéen HU2% r oRnothe tatieer| kndy ifnde vigpsity afidhe iglasainagerial it tthe tiswnph shapinge
exanpl fi of ass, bl ank are Q d from.the. gl ass

mat er | gf%omoe 1 Ss&ggrg%éga of ’qégrﬁ%%a et S Oo&wﬁlu%ssg’lﬁar"%t% ?’ RFEUgN 1%%%‘1% l’?ctaﬁse
enmbodi fRNfiScokity kaBb Govk, Bherbtodd, lityis PreibiaBle thhiSthe %lamyeef th@ 1883 LfaRimaakd son

Bet ween First Exanple and First Conparative Exanple)
about 1250 degrees in Celsius is greater than or equal to 20 dPa - s. It is more preferable that
the viscosity of the glass material at about 1250 degrees in Celsius is greater than or equal to
30 50dPa-s. _
[0130] Table 1 below shows an example of the composition, viscosity at 1250 degrees in

Celsius, a liquidus temperature, and a glass transition temperature of each of the glass

materials of the above described first through fifth embodiments. As shown in Table 1, the

29



‘The shapes of the glass blanks B manufactured in the above descri bed

procedures are neasured using a three-di nensional

a mcro neter.
2 First Exanple First Conparative Exanpl e Roundness tol erance of the glass

bl anks 1000 .pm 100 pm Fl atness of .the gl as

{hi ok n¥SEoBAFOItho ST melvEaBhshe Bishikeueh Brlft SRboDenD ISy
t he board thickness of each of the glass blanks B
t he gl ass bl ank manufacturing devices of the first

2, the FhaiNRssy

manuf act ured w t

q?gd

S

[ 0139]

bl anks 3 pm 20 pm B

exanpl @131g siTghlefli cantly snaller than that of the first conparative

measuring instrunment and
Results of 10 neasurenments are shown in Table 2.
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[0132]

Hereinafter, the glass blank manufactured with the glass blank manufacturing

apparatus of the embodiment of the present invention explained above (a first example) and

the glass blank manufactured with a glass blank manufacturing apparatus with a conventional

configuration (a first comparative example) are explained.

[0133]

(Example)
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‘[ 0142] However, the glass bl ank manufacturing apparatuses of the

enbodi nents have an 15 advantage in which the thickness and the fl atness
of the glass blank can be accurately controlled in conmparison with the
manuf acturing apparatus with the above described configuration. [0143] The
gl ass bl ank manufacturing ap aratu? wi th the above described caonfiguration

and a Bhaglassalank £ tdrduswisehas tieLlass sebstpiesfok theanegngtic disk 7gd appelr Bass ar e
expl ai _ 0 _second . cR ti le. FEi 1 S, Vi ew
i iR B 72 mEfCARla  BRRRER, f B SRR 8, piskcd: Nl Wl Yt Wit 3
conpar atanufacexiagpabparaths J00j(Bigt edFigr2) mf @i firsh embsdimeauofiths praamtfiacentidnde,
and Fig. 10(b) is an A-A cross-sectional view of Fig. 10(a). In the second
conpar Ht thgdollauingPEocedwesfi rst nol d and the second nol d have the sane
shape. rt her. the glas : fagt ur ] r I he 0

conpar WL CEine PR PaiRatR  ERAAS AR GRRRIAL HSpluibdE o REORS
appar atudedintht tifl €T AdindefreSpor¥c @pfo & oglagshmeRingpasnak. t Mhempti@s glass
Additionally, the glass hlank B of the second conparative exanple is

nmanuf a&tad prednsiicdeclgrifisd apgthomagesized. ¢ Ree phtaied arplisiglasstis djsoharagdas

h in Fj , t ' |
o R AL B A 00 R CARLh SO UL Bs!
cent r alfroaxihe moltedf glidteudel 011 30 300Aegress fnoC ¢tsids, cmdan thinfile, tiervisvaricty o

surface 710 of the nold 700. Further, on the inner surrounding surface 710,
a kpacéic melen glase matasiahis 20 ppise. pAdditigailhy teeparateres qfsthe dirsreandotecend
portion, hel ri o] I 481 e u I jtion,
t he prggg&iur gé% f%ﬂfgag15¥§é§6b%ﬁ%§%£%%ﬁPﬁéggﬁ%ﬁ %§Q%§8§%égﬁﬁ§fp%r i ons
713a amdisfuk3b, which are centered by the central axis ax. [0145] A dianeter
of the press surface 711 of the nold 700 of the second conparative exanple
i s 145[MW35] andhelimolisn glass sratariab Lpr dsehaericd grope the maltemdassaydet7hidps rib¥5 nm
and 20 . €S ivel v. it |V, i f r.7 mely,
2" ot AR BEEN 60t € 88 SO L uishel  thoft 20 iy ROARERe e BEE

angs hei@@hisspredsed O ih@prebhgnipvdhriidud of BOUO k@M udli3es @APerahdd basendd. 13w  The
. above descri bed dinension of the nold 700 is at an ordinary tenperature,
and t héhandhegstasyfransigors peanneratyreofi the modige edpss anaeried (shauby sepuadghthereby
expansi:on.. el ep 4 woe.no] ds 7200 .are nf onted to each other, in a
ctare Fmind B et HEREB7ouMR, B R o ol Frad R e e s oo

sur f ac@svidd kespe€ti®e &mpoFitions bl B346¢ond thesipht fifh cHdagiiemeH FaKle 1t Riigkness
of the glass blanks B, which are forned with the nold 700 of the second

conpar amilas mothkods|ae theapethpdhdescabed/ebovies shown in Tabl e 3 bel ow. Further,
Press Eéﬁ%hpehgggﬁoare et to b% 0.2 second, 0.3 second, 0.5 second, 0.8
, and 1.

m allve Lxam .
second second. ang SRber of sanples are three, respectively.

Addi ti qRalgiaés biank B ckifles diPiet@ast7 Dhnt BEd SaRRkEEss 10F 020 iy 8 REfed Alsihg Of
t hi cknesses at four points, which are defined at 15every 90 degrees, with

r especglaspblaak magfasturingrapparafus A0d havingaaicany eationgheendizussioa, shavdl i .
202D B S ST B ok kA TS PR
glass outlet 911 is cut with a cutting unit 960, which includes a pair of cutting blades 961 and
25 962, and a gob GG is formed. The gob GG is put on a lower mold 921 placed below the
molten glass outlet 911. Additionally, a temperature and viscosity of the molten glass
material are the same as that of the first example. _
[0137] Next, the lower mold 921 is moved below an upper mold 922 (Fig. 9(b)). At this
time, a temperature of the upper mold is controlled to be about 420 degrees in Celsius, and a
30 temperature of the lower mold is controlled to be about 450 degrees in Celsius. Then, the
upper mold 922 is descended and the gob GG is pressed in between the upper mold 922 and
the lower mold 921 with a load of 3000 kgf for about 0.5 second (Fig. 9(c)). As the gob GG
is pressed in between the upper mold 922 and the lower mold 921, the gob GG is rapidly
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‘[m. Standard Devi ation [mr] Average Value [mm Standard Deviation [nmmM
Average Vale [mm] Standard Deviation [nm] 0.2 1 0.909 0.00440 0.893 0.00171
0.901 0.00897 2 0.909 0.00480 0.893 0.00465 0.901 0.00961 3 0.909 0.00523

cooled and the disk-like shaped glass blank B is formed. Then, the upper mold 922 is raised,

and the lower mold 921 is moved so as to be separated from below the upper mold 922.

Next, after naturally cooling the glass blank B for a defined period of time, the glass blank is

taken out from on the lower mold 921. Additionally, ip the comparative example 1, five
5  types (;f glass blanks B are produced from the glass materials of five types of components of

the first through the fifth embodiments in Table 1, similarly as the first example.

[0138] (Comparison Between First Example and First Comparative Example)

The shapes of the glass blanks B manufactured in the above described procedures are

measured using a three-dimensional measuring instrument and a micro meter. Results of

10 measurements are shown in Table 2.

[0139] Table2

First Example First Comparative
Example
Roundness tolerance of the glass blanks 1000 pm 100 pm
Flatness of the glass blanks 3 pm 20 pm
Board thickness deviation of the glass blanks | 3 pm 15 pm

[0140] As shown in Table 2, the flatness and the board thickness of each of the glass
blanks B manufactured with the glass blank manufacturing devices of the first example are
significantly smaller than that of the first comparative example. It can be understood that
15 fine glass blanks B as glass substrates for magnetic disks are obtained without performing
surface grinding, such as a wrap process. On the other hand, the roundness tolerance of the
glass blanks B of the first example is greater than the roundness tolerance of the glass blanks
B of the first comparative example. However, the glass blank B manufactured with the glass
blank manufacturing device is cut to be a disk of a true circle with a diameter of 65 mm.
20  Thus, the roundness tolerance of about 1000 um does not give any influence on a
performance as the glass substrate for the magnetic disk. When the glass substrates for the
magnetic disk are manufactured by applying grinding processes and polishing pro.cesses using
the diamond sheets to the glass blanks manufactured in the first example, without performing
a warp process, the flatness is less than or equal to 4 um. On the other hand, when the glass
25  substrates for the magnetic disk are manufactured by applying wrap processes, grinding
processes and polishing processes using the diamond sheets to the glass blanks manufactured
in the first comparative example, the flatness can be made less than or equal to 4 .pm.
However, when the glass substrates for the magnetic disk are manufactured by omitting the

wrap processes, and applying the grinding processes and polishing processes using the
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0. 895 0.00171 0.902 0.00843 0.3 1 0.910 0.00183 0.891 0.00222 0.901 0.01020
2 0.906 0.00574 0.892 0.00263 0.899 0.00878 3 0.907 0.00263 0.891 0.00263
0.899 0. 00889

diamond sheets to the glass blanks manufactured in the first comparative example, the flatness
cannot be made less than or equal to 4 pm.
[0141] (Second Comparative Example)
Further, in the glass blank manufacturing apparatuses of the embodiments of the present
5 invention, only press surfaces, which are surfaces contact with the gob at a time of pressing,
and the spacer are formed on the inner surrounding surfaces of the first mold and the second
mold. On the other hand, a configuration can be considered in which annular protruding
portions are formed on the inner surfaces of the first and the second mold, so that shaping of
the outer circumference and forming of the hole can be easily performed, for example, suph as
10 a configuration shown in Japanese Patent No. 4380379. Namely, two pairs of concentric
annular protruding portions are formed on each of the inner surrounding surfaces of the first
and the second molds. On the blank formed with such molds, annular grooves are formed by
the protruding portions. Thus, the glass blank can be easily cut at positions of the grooves.
[0142] However, the glass blank manufacturing apparatuses of the embodiments have an
15 advantége in which the thickness and the flatness of the glass blank can be accurately
controlled in comparison with the manufacturing apparatus with the above described
configuration.
[0143]  The glass blank manufacturing apparatus with the above described conﬁgufation
and a blank manufactured with this glass blank manufacturing apparatus are explained as a
20  second comparative example. Fig. 10(a) is a front view in which a mold of the glass blank
manufacturing apparatus of the second comparative example is projected from an inner
surrounding surface side, and Fig. 10(b) is an A-A cross-sectional view of Fig. 10(a). In the
second comparative example, the first mold and the second mold have the same shape.
Further, the glass blank manufacturing apparatus of the second comparative example is the
. 25 same as the glass blank manufacturing apparatuses of the embodiments, except for the shapes
of the molds. Additionally, the glass blank B of the second comparative example is
manufactured from the glass materials of the first embodiment.
[0144]  As shown in Figs. 10(a) and (b), a mold 700 of the second comparative example is
such that a press surface 711, which is a plane perpendiéular to a central axis ax of the mold
30 700, is formed on an inner surrounding surface 710 of the mold 700. Further, on the inner
surrounding surface 710, a spacer 712, which is an annular protruding portion, is formed on a
portion neighboring to an outer side of the press surface 711. In addition, the press surface

711 1s divided by concentric annular protruding portions 713a and 713b, which are centered
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‘0.5 .1 0.895 0.00082 0.876 0.00252 0.885 0.01057 2 0.916 0.00340 0.902
0.00258 0.909 0.00811 3 0.898 0.00330 0.875 0.00096 0.887 0.01250 0.8 1
0.924 0. 00523 '

by the central axis ax.
[0145] A diameter of the press surface 711 of the mold 700 of the second comparative
example is 145 mm, and diameters of the protruding portion 713a and 713b are 65 mm and 20
mm, respectively. Additionally, a height of the spacer 712 (namely, a distance between the
5  press surface 711 and the spacer 712) is 0.5.mm, and heights of both of the protruding portion
713a and 713b are 0.3 mm." The above described dimension of the mold 700 is at an
ordinary temperature, and the height of the spacer 712 is reduced to 0.43 mm by thermal
expansion. Namely, when two molds 700 are confronted to each other in a state in which the

molds 700 are heated, a distance between the two press surfaces 711 are 0.86 mm.

10 [0146] A result of measurements of thickness of the glass blanks B, which are formed with
the mold 700 of the second comparative example explained above, is shown in Table 3 below.
Further, press time periods are set to be 0.2 second, 0.3 second, 0.5 second, 0.8 second, and
1.0 second, and a number of samples are three, respectively. Additionally, a thickness of
each of the samples is an average value of thicknesses at four points, which are defined at

15 every 90 degrees, with respect to each other, on a circle of radius 60 mm and on a circle of
radius 25 mm, centered by the central axis ax.

[0147] Table 3 .
Press Sample # 60 25 P60 and ®25
Time Average | Standard | Average | Standard | Average | Standard
Period Value Deviation | Value Deviation | Vale Deviation
[s] [mm] [mm] [mm] fmm] [mm] [mm]
1 0.909 | 0.00440 0.893 | 0.00171 0.901 | 0.00897
0.2 2 0.909 | 0.00480 0.893 | 0.00465 0.901 | 0.00961
3 0.909 | 0.00523 0.895| 0.00171 0.902 | 0.00843
1 0.910 | 0.00183 0.891 | 0.00222 0.901 | 0.01020
0.3 2 0.906 | 0.00574 0.892 | 0.00263 0.899 | 0.00878
3 0.907 | 0.00263 0.891 | 0.00263 0.899 | 0.00889
1 0.895 | 0.00082 0.876 | 0.00252 0.885 | 0.01057
0.5 2 0.916 | 0.00340 0.902 | 0.00258 0.909 | 0.00811
3 0.898 | 0.00330 0.875 | 0.00096 0.887 | 0.01250
1 0.924 1 0.00523 0918 | 0.00171 0.921 | 0.00491
0.8 2 0.907 | 0.00497 0.892 | 0.00538 0.899 | 0.00946
3 0.906 | 0.00310 0.894 | 0.00265 0.900 | 0.00732
1 0.903 | 0.00476 0.888 | 0.00191 0.895| 0.00894
1.0 2 0.903 | 0.00299 0.887 | 0.00096 0.895 | 0.00880
3 0.904 | 0.00096 0.885 | 0.00082 0.895| 0.01032
[0148] (Comparison Between First Example and Second Comparative Example)
As shown in Table 3, the thicknesses of the glass blanks B formed with the device with the
20  configuration of the second comparative example exceed 0.86 mm. This means that the
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glass blanks B become solidified prior to contacting the spacers 712 of the molds 700 to each
other. In addition, for thé glass blanks B formed with the device with the configuration of
the second comparative example, variations in thickness of about 0.05 mm are identified, and
a tendency that an outer diameter side is thinner than an inner diameter side is found.
5  Therefore, in order to produce a magnetic disk from the glass blank B formed with the device
with the configuration of the second comparative example,- it is necessary to perform a surface
grinding, such as a wrap process. In addition, for the glass blanks B formed with the device
with the configuration of the second comparative example, when the press period becomes
' greater than or equal to 0.5 second, cracks arise in a part of samples.

10 [0149]  On the other hand, as shown in Table 1, for the glass blanks B of the first example,
the flatness is 3 pum and variations in thickness are regulated within 6 um (0.006 mm).
Additionally, their thicknesses are equal to the distance between the press surfaces when they
are pressed. Further, in the configuration of the first example, no crack is detected in the
glass blank B, even if the press period is set to 10 seconds. Since the flatness of the glass

15 blank B becomes the higher as the press period becomes the longer, in the glass blank
manufacturing device of the first example, the glass blank with the high flatness can be
manufactured, without generating cracks.

[0150] (Magnetic Disk Produced With Glass Blank Of the First Example)
A glass substrate for the magnetic disk is produced through applying the grinding process and

20  the polishing process using the diamond sheets to the glass blank B of the above described
first example, as a raw material, without applying a wrap process. The magnetic disk is
produced through forming layers, such as a magnetic layer, on the glass substrate for the
magnetic disk. Similarly, a glass substrate for the magnetic disk is produced through
applying a wrap process, the grinding process and the polishing process using the diamond

25  sheets to glass blank B of the first comparative example, as a raw material. The magnetic
disk is produced through forming layers, such as a magnetic layer, on the glass substrate for
the magnetic disk. Then, these magnetic disks are built into a hard disk drive, and tests of
writing data and reading data are conducted. As a result, no difference on the performances
between the magnetic disk using the glass blank B of the first example as the raw material and

30 the magnetic disk using the glass blank B of the first comparative example as the raw material
1s identified. Namely, the magnet.ic disk with a sufficient performance is produced from the

glass blank B of the first example, without applying a wrap process.
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distance between the press surfaces of the pair of molds is greater than a size in a horizontal
20  direction of the gob of the glass material, to a second condition, in which the distance between
the press surfaces of the pair of molds substantially coincides with a size in a direction of the
thickness of the glass blank, within 0.1 second after the gob of the glass material contacts one

of the pair of molds.

25 3. The method of manufacturing the glass blank for the substrate for the information
recording medium according to claim 1 or 2, wherein temperatures of the pair of molds are

regulated to be less than a glass transition temperature of the glass material.

4. The method of manufacturing the glass blank for the substrate for the information
30 recording medium according to any of claims 1 to 3, wherein the molten glass material
discharged from the glass material outlet is cut and the gob of the glass material is formed
through moving cutting blades placed below the molten glass outlet, so that the cutting blades

intersect with the glass material.
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30 a glass material outlet that discharges a molten glass material; and
a cutting unit that cuts out a gob of the glass material from the molten glass
material at a predetermine timing,

wherein the press unit includes:
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“15wherein the glass blank is manufactured with the nethod according to any
of clainmse 1 to 7, and the glass blank is grinded to be shaped in a disk of
atrue circle with a predeterm ned dianeter, and after that, the gl ass
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nanufag;y&} g apparatus for manufacturing the glass blank for the substrate
of 20the irnformation recording nmediumaccording to claim210 or 11, wherein
the press surfaces are vertical surfaces.

12. The manufacturing apparatus for manufacturing the glass blank for the substrate of
20 the information recording medium according to claim 10 or 11, wherein the press surfaces are

vertical surfaces.

13. The manufacturing apparatus for manufacturing the glass blank for the substrate of
the information recording medium according to any of claims 10 to 12, wherein the mold

25  driving unit moves the pair of molds from a first condition, in which a distance between the
pair of the press surfaces is greater than a size in a horizontal direction of the gob of the glass
material, to a second condition, in which the distance between the pair of the press surfaces
substantially coincides with a size in a direction of the thickness of the glass blank, within 0.1
second after the gob of the glass material contacts one of the pair of molds.

" 30

14. The manufacturing apparatus for manufacturing the glass blank for the substrate of
the information recording medium according to any of claims 10 to 13, further comprising a

- temperature regulating unit that regulates temperatures of the pair of molds to be less than a
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“13. .The manufacturing apparatus for manufacturing the glass blank for the
substrate of the information recordi ng nmedi umaccording to any of clains 10
to 12, wherein the nold 25 driving unit noves the pair of nolds froma
first condition, in which a distance between the pair of the press surfaces
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state is maintained until the temperature of the glass material becomes lower than a
deformation point thereof.
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