11111 111111111111111111111111111111 *159159* METHOD OF PRODUC NG ‘GLASS
BLANK FOR SUBSTRATE OF | NFORVATI ON RECORDI NG MEDI UM SUBST

1 NFORMATI ON RECORDI NG MEDI UM AND | NFORMATI ON' RECORDI NG ME | " |||
MANUFACTURI NG APPARATUS FOR. GLASS BLANK FOR SUBSTRATE OF 5

RECORDI NG MEDI UM TECHNI CAL FI ELD [0001] This i nventi omretates {0 a method
of produci ng aBTHEED lQ)FaBRO‘DIUCH\IGlmBASStELﬁNIGHOR SUBSAR@ET E @F r ecor di ng

nmedi um a substrate of _an infor tlon ec iu

1ot nf or mat ORI SRR b B E G, LA D% ARE e aRBDRIATION, at us
for the glpseoRimNG MEDHE, %ub@tIwaMIb@ rRef@wBiianviteromMii AgpTedi um
BACKGROUND gOOO As a substrate for a denmmz recordi nngdl um such

as a har d MIASFACHURING ABPHRAFRSS ﬁﬁiRcﬁhAsS%BLH! BIQR s UBKERGTBL2F nol di ng
product, is used. In gep i ced by shaping a
blockq%gob) of heated angﬂi:%J tez?gghggﬁxa%?piGgﬁﬁgL?ﬁg t he gob between an
upper nold and an | ower nold and cooling the gob, using a device described
in Japangigggﬁh§§§£ﬁ%églcatlon No. 3709033 (hereafter, referred to as
patent d » ecifically, the gob is dropped on the | ower nold, and
then the wpeRr Midin&tios ralRes thAWAstHod aioprbmeldgca/\@assmvdrm foit &lmberbeye pf &5Si Ng

t he gob between the upper nold and the %omer nol d. &ﬁdltlon order to
i nprove nBfAMEEParespidfe Redimy BeSUGFIERS Ob PR AR OnPaé‘r?ﬁeIFSﬂr g Jnegiung, e u‘ﬁ‘per

mol d and itnlﬁﬁ'mlaﬁ)(\ﬂplrecé’mlng r@édﬁm? Rl b€ 1 DabSral iR afpB@fhs FoIhashsd biaRSi tion
tenperature of the gob. [0 é]Further in the device described in patent
document for thersubsidisrof ths ipforeaios redqeding mediumps bl ank efficiently, a
plurality of | ower nolds are prepared for one. upper plate. After the
shapi ng of the glass bl ank between the upper nold and one of the plurality
of | ower Babﬁgﬁgﬁﬂﬁ en finished, the upper nold is separated fromthe | ower

nol d and of t | ass: bl a k W th d
The g!assﬁﬁpgnk %8 @%hﬁg6@i gk@ ePﬁQQE(ﬁgwgﬁgiﬂnﬁﬁV%% ha%mgé%h sékgﬁated
fromidie blapgrwhiahl isla tamglated16elgRidemolitlgthrbduct anised. IMigembral ahe g3 blanRext

step, the glass blank is Eollshed and cut, thereby formng a di sk-shaped

subst r at ePTgReeA RYoFEPIRG 7 AIOSK et o, hepise andj melis oy Vhll%.pfnt‘:}&‘@g dhg é‘P‘b and

whose surf@ged & fgpet ﬁbﬁldanh'aKQo@errﬂlélﬂ %d %é’cnlfn?(ﬂ?e gd%n uslﬁg PHERLd RBcrtRE R di ng
medi um (a platter ‘of a hard disk) is formed through form ng an information

recor di ngJdpayese Patagt Rublicagon Nper3789033 (haxgaleri ecfersadetd ad paten ddgemgnt 1).
111111111 é&e’lc}fi'c%ﬂg' Jcﬁe]'élojo]lg' &goﬁﬁé]dlo]n]tilé fobvet mold, and then the upper mold is driven toward

20  the lower mold, thereby pressing the gob between the upper mold and the lower mold. In

addition, in order to improve mold separability of the glass blank, temperatures of the upper
mold and the lower mold are controlled to be lower than a glass transition temperature of the
gob.
[0003]  Further, in the device described in patent document 1, in order to produce the glass
25 blank efficiently, a plurality of lower molds are prepared for one upper plate. After the
shaping of the glass blank between the upper mold and one of the plurality of lower mold has
been finished, the upper 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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I _,00002* - substrate for recording informati on. SUVWWARY OF THE | NVENTI ON
[0004]In this manner, in the configuration of patent docunent 1, first, the
gob is dropped 5 on the lower nold. Therefore, a |arge tenperature
difference arises between a portion of the lower nold to which the gob
contacted first and the other portion of the |ower nold, and a deformation
ari ses orsubdwatel fovmsrording éhformationidi t i on, since the heat on the gob is
deprived fromthe portion contacting with the | ower nold, a tenperature
gradient arises on the gob. Such a deformation of the |lower nold or a

t enper at WIEMNARN ORITHIMINVENTION af fects on a 10 flatness of the surface of
the glass blank and a thickness of the glass blank. In order to have a

gl ass bl atR04ki t i BISPEIF LidFes TZUIoE g PG GRS oISt eab 1y HEpPe

t enperat ugfhefoweh B1olP P EherdRkd] addige fehera@ined framehat Ak @hRfwdehamotdag oglnass
transition tenperature of the gob. In this case, in order to avoid_adhesion

of a gl asleVemmaldjtgwhich thp ol sersactsdoliret addhe ether POl the lqwer mald s8dey to
apply a r@éf&g\%ﬁorﬁ QAL ofMnd ts%vemoﬁ@%&aeaiti%,b%idapwhézpw fRNEht! B&chipwar nol d.
15 However, en the release agent is used, a surface roughness of the

gl ass bl afukm Wecporden bentapeing avitl the lowek ewld o tompeatute] gredifng rarisdseonptbe igshi ng
process. Eurther. th [ [ - i, Sihi ess a

| ar ge anoéljur?gl aogefe\rénsatngﬁ ?r)wgtﬂger ?531”{% rsgf)&ﬁz(gﬁmrﬂ%g%%%%tﬁ? %%%E%nggérﬁgﬂg I ésoéll?glk

f or meth of flithes gf tas surflcabRthe \WhisChlanksanfl @rthiakdeas of thé glkssdankceln drferitthhavevery
close proximty (about 5 n to a magnetic head for readi ng i pformation
from and 8GR MO fgh Hhior S 680 DRETHABTALT & dhs [P AGHBIE PhUHAPE di sk
devi ce i SmbR 248 ehe 1bWer@hsle high& tRdnl tBNLTbRGraABHNElemGerBRACL IR dodadid hRRl Wite
to the magnetic disk, it is required to retain a state where the magnetic
head is i eHE © owid pihsgioniafys elgss Matehalgivetbr AppRrsROId\AnE HEWET Sk AcHSi ng t he
magneti ¢ pead,l Qo tpey PRNGLd Soeth S the RRLEE Vréhe Siper ARANSL fe Wt ddla.
required togﬁgﬁlleogﬁlﬁgcordi ngggseur?ﬁ(:lcee wth a hieghﬁbf | at ness a?:curacy, and the
magnet$ ¢ Hpowkver,swhencthé reehst 0g@5 ishused, @ sunfick gpughndss ok tesgass[thoBajepsmes

descri bed, above,. in the configuration of patent docungnt 1, a plurality of
over ol HESaP ipiasht BAEF i oRs digids g PRos, J1ERST Hiota Rg moliEme®ar feat
that the thapethepolishiiefrotases larde atout df waktemateiabecames several tines as

| arge as the_amunt of heat that one | ower | d recei.ves in a uynjt, of tine.
For this Foé’g%]on,F“F‘h%r’ LBEETHg dﬁgf?%cﬁ'ﬁﬁg’ﬁ g&ﬂ‘sggﬁar‘g"d‘g‘ﬂfgrls ?Pélad‘ard’o‘bah Sf& to be
set hi ghefs if hagythat pRkiniREabN hmV® Hmaditat héad forl Bl SRR AldAl fRonPind he

upper nold varies largely in an extrenely short cycle. Regarding the upper

ol d WhosEritegpdermatipe (o e imagnstieish, yhen theohagb fisk gevied isapMse: méf RIET 9 t he
tenperat uﬁl‘ﬁ)wothetnt;'a%nytﬁbok?erad Pl BOmPSE WAURS e %étﬂediﬂi A8 rdqL RSO k@A a
tenperature, It I's necessary to set the tenperature of the upper nold to be
| oner t hastatehehdrowks magheic sed as riedhd closa prixasity b ik magnetiordiskd Withont st at e
where the t eratures of th r mld.and t I [ 1 d..ar. i.fferent
fr om eachcgrare B nhd SPREEER G Trd e, B Hre R e R

gl ass bl ankhdve atdverdidy ekhessitidh high flambsstdanragf sndandn senpos sisbislredureditd ses
that the bl at nesfs a&g&aoy of the surface of the glass blank deteriorates
and 5the PPEPSTHATR &Shecones nonuni f orm

[0006] As described above, in the configuration of patent document 1, a plurality of lower

molds are prepared for one upper mold. Therefore, the amount of heat that the upper mold
receives in a unit of time becomes several times as large as the amount of heat that one lower
mold receives in a unit of time. For this reason, the cooling performance of the upper mold
30 needs to be set higher than that of the lower mold. That is, the temperature of the upper mold
varies largely in an extremely short cycle. Regarding the upper mold whose temperature
varies rapidly, in order to reliably maintain the temperature of the upper mold to be lower than

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



[ 0007] Theref ore, when producing a nmagnetic disk for a hard disk device with
the gl ass bl ank which has been manufactured with the device of patent
docunment 1, it is required to performsurface grinding (a wap process,
etc.) to inprove its surface flatness accuracy and to make a plate

t hi ckness uniform and after that, it is required to performa center
drilling boeptvoeibs lower innlferAsandesylit erglessridenks isriormed pr ecwatsiwhgre the

PO o B fesloPEIRELRD A o0 RO L1d B Bl G, U - GRL 00

| ayer). Further, polishing (polishing process') I'S a process to iInpraove the
surface rthugduessure Bradient istcaussd iretyeiglaedblbiiain thdrthiohas dirbdtiankherf)j anda st at e

where the flatness accuracy is sufficiently hi prior to_polishing.

[ 0008] As B‘E?S‘ﬁ’i%%?eégﬁb&e%?/a{nefssacﬁ‘ﬁ?cye%fége F‘{vff“ff ggtﬁﬁﬁ[ﬁ‘&% Q&%?#ﬁﬁ”%ﬁfp at us
descri®d ih8 plaPaicRitss BlReMBERnudifdr. Obt ai n a gl ass bl ank having a high
fl at ness accurac a uniformplate thickness and a suitable surface

roughness[oo‘fﬂus,yhi,etefqr% WheguIreBEing ¢ TagReds disk e o haad disk slevipe withithoglaisze t he
t hi ckness Q [ale <Io8 Gl NG ; ank.

[ 0009] I n g%@lgt P%E ,htaggeezlllht‘rrgrsrtﬁl ogllg%if 1gt#o udce?%g%g ﬁgéﬁaqunet I (t: 1’(1?31%&1%%5%)%% t he
met hod of pgfoouseifmy erinding (W braeds, ¢thi wugiprqye és sirfags flathess ecqusacg andtohod i n
which a s t : ce 0, w fl.oat nethod or the down.draw

et hod | s Bk RS T ARES GaE el de WS, L0 R ROVl o Frli iy

di sk-shapp@cgh.ass mer G cutttr dircomferdnee pbdabsired pphideig, ghass forandormfofer t hat,

the center drillin rocess, the. inner a uter circunference processing,
the pol | STRETEIE AT TPg Rt See gt aaerhagdﬁeg o PplisjgE (aceléﬁpé_rnraﬁﬁad.s_arhe
sheet gl agmesss i aapeedmvistfadeNughexe TRishads rdaaya BarsHE Liasd sEM ¥ Righ
fl at nesses accuracy and their thicknesses are uniform 25Therefore, in the

above desétriepdigretht Auaess peraragyisrsaisicgily Mahmyorwpobthingni t t ed. [ 0010] However ,

in the abgyggiTet NOGescSbddChlAG M R SBARGAHE! A5k Grifid' b ;%E;Img Qe

| ar ge- si ze s]heet gngss, tr?e ’n{et ho(l()} ‘%a’s a tpronng%eraf% ?ﬁ Whr'ch a Parge anount
of gl ass patmrdoatmenarieolobin a ighschlapahdvengna wigh Hlatress avetrheyd aohifpmoglacs ng t he
gl ass bl apk by pressin 0011] The present .i.nvention.is achieved to

over come. T s aE el BRAPEEReR  T0 KT B e b esen
i nvent i onuniforintreplicotiticklgessrdirdughl sheGhrfipe @aitdinp g fiar whasmhgheafikssbizhka substrat e

of an inf tion recording di, u substrate for_an information

recor di ng?@gg] unp a&ﬁ’ﬂ‘o&nasi %fng&lﬁﬁt‘*?] (BFP%PQE%f}Eﬁ RESEE ity DoriespBetPeRed of wi th
whi ch a gbaascikd ARkl M0aa B bRERsINAS thdredls 8 hetodin@BiSh AGK A& pratuddd f orm
pl ate thickness and a suitabl e surface roughness can be obfained, and to

provi 8@ a vkt Bt methad onpisdpan dxonetiodisasecessphipnd Fmrengtisdipks isrotancdf an
I nfor mat i gpedeeHY di Al AL s 1904t Bl HE LD ReR bENRs! irh% ﬁ&?\ggt dgscri bed

obj ectives, in a nmethod of manufacturing a glass an 1 nfdérmation
r ecor di ng centeti dninecproeads, il inpertdnd opree seeumferevemrp@asing thpgwlishing, and the

formation of a magnetic layer are performed. The sheet glasses produced with the above

methods have a sufficiently high flatnesses accuracy and their thicknesses are uniform.
25  Therefore, in the above described method, the surface grinding can be omitted.

[0010] However, in the above method, since the disk-shaped glass is cut out from the

large-sized sheet glass, the method has a problem in which a large amount of glass materials

are lost. in comparison with the method of producing the glass biank by pressing.

'[0011]  The present invention is achieved to overcome the above described 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



5 glass material is cut out froma nolten glass material by cutting the
glass material discharged froma glass material outlet at a predeterm ned
timng, and then, a press unit having a pair of nolds, whose surfaces
facing.to each other are press surfaces which are planes w thout an
unevenness, pinches and presses the falling gob of the glass material

bet ween t hagiteeseansherdbaaied, sal tb hpadvidde mhabthétainggappaafus bie gisablankrédrer | al
-cont act onulé% Wi trt; t.hfgﬁress sur.faced;, 10 thereby formng a circular flat
pl at e- shapaTyf &2 BFRRIOA IFOHPE M et £l at ness as a glass plate for a
magnetic gjosk Susbrdeh@fachiev@in @bHRINELBedoIEATEY, &1 a ABflod of RumlNRSEMef the
glass blank is within a range of from50:1 to 150:1, fromthe gob of the
gl ass nmat elegsdilank[fopampiyrppricg respr@ing Bsdivguaceariing to S present werfioas s galmeker i al

spr ead§ alriassor}{%grtizﬂ g%eﬂlg :6%211150613 Y E’rfoﬂ&? §1a§§fm;{t%l gplgglﬁn& fhe Q1a§§185tteri£1idﬁg%har e(ji and

def or mati 6ns o a tenperature gr ent are 15 prevent

al nost nofiverpdgesamateiabowidi et predeoumsed fAimtitge any thes arpatse nhighavidfthepsf of e, a
gl ass bl ank cpav'énsg a iggas%rtf ace f atness accuracy .aﬁld uqi forn%hgltate

thi ckness oK BEOSBEAITR P81 OTRe™T BRSer Atire” B FHP AT &V IPSYSH to be
| ess t hanuhdvenrghenchésamsi piessds tienfaliingt gobeofothet fidys ghas il etween ahe plesy t her,
in this configuration, since there i.s no need to apply. a rel ease ent to
the. ol ds SHTHE 5 a1 AHRE R Pheatiie TP S FRLEr PBGHHELE FRtmBrg o

20sur f gce eping Riiess: asa#eﬁiaaﬂ@tlp@dté-%agémgissﬁom h&visil fhaeendtRuoinesssgfad he
press surfaces) can be obtained. [0014]1t is preferable that the pressing

of the gl &% megneiq dirk Bigh thaea ptiedsias e dianctesind giidaesiha dles blank is
pressing ksmBes Ll oRyso: %'1@9:1?@&11%%%’6oF{ﬁ'eglaH]ﬂ%ﬁaﬁ' rst condition, in

whi ch a di stance between the press surfaces o e pair of nolds is greater

than a si ##1Bh aWkibrsugtoat @nfigbatting ette dtre glasst tnetegalbsppéads hl gleadslse peseri al

to a second.condifion, in i.ch the distan bet n the ess surfaces of

he par r oire dnt AR b e Sl B R s e B PR of Che

t hi ckness pedveritée agll aisosb hanémpendtirai ghaddenl os@eondthafdias ndigiagolrhefefdrfiea gl ass

mat eri al c}%géscts one of ,tg_es'&air of nolds. [0Q15] Further. it is preferable
[

that tenpé lagls bgying Rohi #e HRmSS asquERcy 9| wkiegn (Rlpth hidgiesss &t fan a

gl ass tr anRsialne®NevieR TP HecMelpErafife bhehe AbRASS FRELELE Mss Mint e UMD tAnsition
configuration, an adhesion between the glass material and the nolds can be

pr event ed [eIGOHBT Afdhe glassanatgrial i (Furtherp methis eppfisuretion, sinpe thets! is an tgedss
material gL 5changed fnom hOR Rk A8S MRk Fhyigkt ! % e Qi’qﬁlgﬁdégs %‘Qﬁ op of
the gl ass h@?erl %}% s n?or me%ogly’ nmoVi ng cut ta}“ng ﬁg ades pl daced be 81%} t he
mol t e@0gl asacembughhess gutmsantidly euuelrtedlt sumathrqughnegd afSthe peesesurfakes) can be
[ 0017] Furt tgte{ ed ! he surface roughness of the press surface is preferably
confi gure(ﬁ) vmnt?lfi narange from0.01 lamto 10 4m Wth this configuration,
t he surf ageopughnegsfeabletthe tfeqressidg gf s lasd apsrigan theprewnbit ednfifnired N a
range which i [ for - pr h | i shin r :
ange %uch tlslatstlgje ;Ergslgllng 1s }g)erfo?mgdobS; m vix?gc g%fesss grﬁt ﬁ'c?n? a%r£ gond?tion, 1% thighCae 5S
distance between the press surfaces of the pair of molds is greater than a size in a horizontal
25  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.
[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



[ 0018] Further, a viscosity of the gob of the glass material is preferably
within a range from50 to 1050 dPa.s. Wth this configuration, the glass
material can be formed in a desired shape within a short tine.

[0019] Further, it is preferable that the gl ass bl ank manufacturing
apparatus is configured 10such that the pressing state is maintained until
t he t enpebladed hiacef beldvethg nften pRsIUtlal solae eoimREsebtoME the Blasy mit&iatlef or mati on
poi nt . [0020_1 Furt her, a nethod of na&gf acturing the _substrate for_ the

i nf or mat i B Hec SPBPFghrEdiaTRTINSIRATRP HET Biers RH2THS PRATadheongiessd Wihiarik i s
manuf act ufagk Mbrh l@.oag_h of 10 [x8. aleyenid esHduR@eh, TR §8fdse roabithet\ e B! ank
is grinded to be a disk of a true circle with a 15 predeterm ned di aneter,
and af t er glessahlankacapdici eonfingyl Pithia eswngeswhislis awtablerfor Ripestrraprgssasudirasrig

met ho fa i nding, such as a wap process, is not perfornmed. Thus,
t he sg?nsf?gtggnf {r%cfg%'e i nformation recordi ng nmedi um can be produced wth

f ewer profdi8les . Furth&241 vitwodityerf, thagob nf thengdss omteret ¢r phefegabiyedtithima range
manuf act upi ng.net had. of the. prese . invention is characterized in, that
Thesunst PRPSORG Ot BFBEF S teummtoh G iss AT SR36 GHBAIERT IR h ¢ he
above desgmpbedhimmtshedimand then, information recording |ayers are forned
on the substrate for the information {a%acordi ng nedi um [0022] Furt her

manuf act uli0%Y appEPe tids PSFerainipLies giesnbjank Hrupdecthying AepFafs & cga%%wdatg of

an i nf ®r match Qiht HRCREDING GrafBd it tai QMBI BRSemBerRhRTT tHBSISS: infherdENREAL! NY
unit that drops a gob of the glass material downward; and a press unit. The

gl ass nat Eveathagéineeformagign aeint 25 i ncludes: a glass material outlet that
di schar geg)OQO]mlﬁ'I%exg laarﬁgth@@to? liﬂaﬁ'{xi%actﬁl"]'ﬁL ﬁlecéﬁ%&a@@f&rﬂlg iﬁfggﬁatigﬁ'tr copd'i'ﬁo a gob

of the glass material fromthe nolten glass material at a predeftermhe
timng. Thedijomesscharrcterizenc inuthes theaglpsi blardf ismmbulgaomired evituafvacfethefabovang t o

each other,_are press.surfaces: a mol.d. drivin it.that noyes.the pair
of molds (FAPFeREPaTs ap%%%g}}ﬁsoggﬂﬂfﬁb gﬁﬂ‘a‘%s@pfé? gt é{ﬂb of ﬁetrfaf“r'CYeof” "ot ds to
each 0% hepreddibghifddafigméter indf Hehhafl aPbRdharsShaRedisabasd. binahk rd@ufatiannd he gob

of the glass materjal through pinching and pressing the falling gob between
t he pressMHefgcsfaes rindingpsiich 2t WraR RICessT Rdoppatamed; r fiire he yBR b each

ot her ar efcQf{RehiRS rRLAMESH¥Wilh st bARMREY SN &S pidceRAcCer is provided to
one of the pair of nolds at a position neighboring to the press surface of

the one of0®2hle pairtheipfan ipformatioarrgcarding syrdiver meowieretiag wiethhd of ke presadit f aci ng
to the SPafRLicsAhalliehfPulat SANBERERICRY hAfn AR O fip! i fpnst ant -
[ 0023] According to the nanufacturing apparatus of the inventron, It 1s
possi bbe podoedufiticthe st®va dedcabs! thehsd, bhdathkn, eformrgiona rdebglimgdayefseare forhed ness,

an uniform ﬁ%atg tgifcktges and a sui.t abl 5 surface roughness.
5[ 0024] FuP FESUOSHAIsHEr U ormpaHen 1epadine Medii o 't acing to each ot her are

circul ar, [@2d] @ Futthe a manufacturing apparatus for manufacturing a glass blank for a substrate
of an information recording medium, comprises: a glass material generating unit that drops a

gob of the glass material downward; and a press unit. The glass material generating unit

25 includes: 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.

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



between a dianmeter of each of the press surfaces and a di stance between the
facing press surfaces during pressing is within a range of 50:1 to 150: 1.
J0025] It is preferable that the press surfaces are vertical surfaces.

[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 surfaces is
greater thamod Skiag 1 fhe Spddesoze 0l ldep didfisemtd Wiwerh tidRirdPmdds dofitangl ass
material, to a second condition, in_ which the distance between the alr of

the press[083¥ ackecoudings fonfite MEPYfaqieing: ARRAEANY P the &VsRIiqny it 1y possidly

the thi ckpessaQiretaBasdlas 8lahk 80ng Phileh s rRe HaR@GORMuHolA Pl @i cfRs Ha T he

gl ass material contacts one of the pair of nolds. 15[002?]The manuf act uri ng
appar at usa gipbleisntfipsroughaésside a tenperature regul ating unit that regulates
tenperatu f 5, HNa r n

{emper ot o 24" DBsP Rt B i B riRE SUAD BRSSO LLA, |
surfaces hetyehrea \man‘mtan odl eameféthefpréss emfired knd o distant€ bétweenmtheXasing presi ty of

t he gob of h ass materi a &ﬁgay fmbthlq ﬁ range of from 50 to 1050
20dPa- s. gg{eéﬁlréglﬁrgg} R P Iohiti | the tenperature of the

gl ass mat gma]l txe&qm&aﬂ)lemt the PesRs alrﬁeefs%mamans@ﬁi:dat t her eof BRI EF

DESCRI PTI ON_OF THE DRAW N [0029] [Fig.1l] Fig. 1 is a top view of a
gl ass bl aHl92 ﬁhnu“f%wéﬂﬁ&naﬁwaﬁavwvaé@d?a&qﬁ@lql fgpnp & fist sondiiiaso Wish  of

the pigse thskaﬂytpeﬁgt%% thf[ 1|J:dngof t%d prEésgsﬁrfacgg ?s,)orrea(é?)than%@@e(ﬁ ) h85Rndl Q%cﬁb@m of

a surrounding area of a press unit of e gl ass bl ank manufacturing

appar at us OQ@GGP@pﬁQegbsm@temﬂrtgta semé@pm;mn &f whidle therdestange betwoearthé pait [ Fi g.
3 ]FI gs. présp)s Qfsu%&)mt 0§ cgllngiﬁe \!vﬁlwg 31%% ifa AN {h%q}n@lgn% cﬁfth press
unit of t e gl'ass rranu acturing apparatus i n another ‘exanp t he

first enbghisargatk, mﬁthixh@l pe@aénfier3be poteof theglas{ magrialdlontatty ond of &e @altr of) Vi ew
of a gl ass g%ank manuf acturi ng apparatus according to a second enbodi nent
of the prg‘sf’ invention. [Fig. 5] Fig. 5is a side view of a glass bl ank
manuf ast uéoayg) apneer@ida&caﬁﬁ Ia aﬂ@ustrﬁa\aﬁ;hhernﬂcm&rm@ﬂpme refuldihe upf ement
invention. [Fig. 6] Figs. Sb) are top views of an exanple of a
press uni FESHTE epRErRtpEs %@Bﬁpqlrrpftmfé P &8 deshiham R SRENTASEO FMPgragp el the us
accor di ng otaQs hixgrifii rst, the second, and the third enbodi ments of the

pr esent |nvent|on [Flg 7] Fig. 7 is a front view of an exanple of a nold
of the pr¢¥28Lini Thavriede ronghnbss afdlecipriess stitfeceg)imas de lithinka rapgadoam Pi0h dgo

he pr esent HRLCHERsh ol Rrel e kA EEPRG e Al 3 BRI 1@?%%? a
grindep fdPapek pmsml "gtegnayntesh mgint@ingdd antilithitempedatunsssfithd plagy materdal besemesised i n

the gri nd? wer than 4 e%olrx\légtlic}{fpoint thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] {Fig.1] Fig. 1 is a top view of a glass biank manufacturing apparatus according to a
25  first embodiment of the present invention.

[Fig. 2] Figs. 2(a), (b), and (c) are side views of a surrounding area of a press unit of the glass

blank manufacturing apparatus according to the first embodiment of the present invention.

[Fig. 3 JFigs. 3(a), (b). and (c) are side views of a surrounding area of a press unit of the glass

blank manufacturing apparatus in another example of the first embodiment of the present
30  invention.

[Fig. 4] Fig. 4 is a top view of a glass blank manufacturing apparatus according to a second

embodiment of the present invention.

[Fig. 5] Fig. 5 is a side view of a glass blank manufacturing apparatus according to a third



10[Fig. 9] Figs. 9(a), (b), (c) and (d) are side views of a glass blank
device of a conventional configuration. [Fig. 10] Fig. 10(a) is a front
view on which a nold of a glass blank nanufacturing device in a second
conparative exanple is projected froma side of an inner surrounding .
surface, and Fig. 10(b) is an A-A cross-sectional view of Fig. 10(a). 15
DETAI LED &Eﬁﬁ&&}'bﬂfﬂegﬁsfﬁwﬁa@mﬁms [ 0030] Herei nafter, enbodi nment s of t he
present |nvent|on are explained in detail using flgures . 1lis pl ai n
vi ew of alfgE & Eizh| ChRiandrdn areder viern gl appamalens 2 poess weit whigh glzedlsad F’it}r‘%‘t
enbodi mengy, Qf phle RELEHEMEnd ra\ssat}tﬂup Mhecoblifie o283 Risan r@@wﬁfda " thd%hird
apparatus 101 of 20 this enbodi nent is an appar at s ? manuf acturing a

gl ass bl aekbagdimetts ¢fshepraiegkingdntiped gl ass nol ded product The gl ass bl ank
produced w. e gl l. ank. man rin arat us GGo ding.to this
enbodlcﬁrren 1‘%? ] E:E%t 7?%5"%313[% %’ Ofttan exgm? e Olftarrﬁ%dc??lc PE™ utlﬁw ic eV| éeeu grm a
SucceSSIVﬁegﬂﬁ@&&&k@dﬂﬁﬁkhﬁﬁgzbﬁmem)zmamdngﬁstﬁdﬁﬂm thelst@ae aradihbakikd
surface are O|IS e li ke mrror surfaces, thereby formng a
subst r at eSPRIHS ‘%ﬁﬂﬁ??@ﬂv?@86rdlng medi um A 25 magnetic di sk (such as
a platter[mf & Hig &(Hiabk)b) #ias Hvidll ey onhofiiatd RP peesRisl Behdiadiddm s

pr oduced throu h formng an information recording | ayer of a magnetic
materi al H8uE HBsTating agamehsed ihi8e pARdeT.AePe4tiValYi nf or nati on recordi ng nedi um
[ 0031 t I i r has a
confi%ﬁfa?hggﬂgﬁﬁhg }5@;@?;9%%@%ﬁ%g%%ﬁﬁgﬁga%%ghﬁ%éggmgggQgﬁ%&ﬁg%&%re
arranged enfigvatign.90 30degrees whi l e placing a center of thentat an nol ten
gl ass out : 3 res ts are driven
By ohi rt1 Hobbhhie. VAGE RO PR R RO EmbiRor st it maB el MBS Ve
back and fa@asdohd worhparst®s peahple d)s profecedlfioana gldass arDimhbr&iurrﬂnﬂﬂdmg\laﬂﬁl:Q{ and hey
are nnvab%e Riﬁmeen a catch t.ion g a&ﬁgklnnediately bel ow the nolten
gl ass out [t lse?ﬁ‘%ﬂaﬁ*fc kﬂ?f?f ' e the press unit 140 is drawn
with assolid line) and a retreat position apart fromthe nolten gl ass
outlet 111 (in Flo. 1 §05|t|ons where the press units 120, 130, and 150
are dr awn &l P BHAMENDS where the press unit 140 is
drawn wit h)()@ ]dasftl'@gméﬂepeémbo%[n@&l?@])fb‘thg%geﬁtgmqgﬂtlton aM&@ mm}lgd tnod%tgf %ﬁo bl ock
(gob) of nolten glass by cutting a sui'table anount of ten gl ass

di schar gedginreombihd imolptam vigivads gass [béank Illallufa'p@ripg @pmacb@di 19& taperading krea cat ch

posi tion ut.ting
uni t |ncI§§c§£g&h%?%(9glglg%gtﬂyﬁvg%eiﬁ%§¥£sb§ gﬁmu a%%“$tgﬁg | ades.
The croti dgs dﬁhl&ﬂﬂﬁﬁeml&lan&lpﬂaréiﬁ?fcﬁm&mdfabtuﬁﬂg sclatsétahnktxhlayh ﬁraehstktﬁhta}md digget her

under the ten Ias E@%% consta t tﬁ When t he -
cutting bff& chn S% @Ft %6@?%%°a“t @mﬁﬁwt “ﬁVﬁ§?p?§mEut and
the gob i sof @cE cf tbNBis G&t&o@iﬁientolldtcuf il d 8isk-omRE df b hme Catie RvilhoS idviRor a

[ 0034] As described above, in this enbodinent, the cutting blades 161 and
162, whi c Bucggssive process (described later), and its front surface and back surface are polished to be

like mirror surfaces, thereby forming a substrate for an information recording medium. A
25  magnetic disk (such as a platter of a hard disk), which is the information recording medium, is

produced through forming an information recording layer of a magnetic material or the like

on the substrate for the information recording medium.

[0031] As shown _ in Fig. 1, the glass blank manufacturing apparatus 101 has a

configuration such that 4 sets of press units 120, 130, 140 and 150 are arranged at every 90
30  degrees, while placing a center of them at an molten glass outlet 111.

[0032]  The press units 120, 130, 140, and 150 are driven by shifting means, not shown in

figures, respectively, and they can move back and forth with respect to the molten glass outlet

111. Namely. they are movable between a catch position placed immediately below the



pl ane bl ades, are butted together and the gob is fornmed through cutting the
nolten glass. Thus, the gob is separated fromthe nolten glass and falls,
.at the nmonment when the cutting 15 bl ades 161 and 162 are butted together.
By contrast, in a conventional configuration where nolten glass is cut by
causing a pair of cutting blades to cross wth respect to each other such
t hat t he molteni gigs sutldtdte (inFihdnt positian sbaeaiepskapst 140hedeavinswith pedsi bil ity

that a gob |s rempved fromthe.molten glass b vity and falls en the
i ten o1 s ird S e s TP R b Rl ERss e B (R s R a gob
to fall wasprestallieo, 20| SRBHI0FLE HRAMMNDIE solfd IS, 4nd o fYsRiof Wi theplesd he
cutting blades 161 and 162 which are flat blades are butted with respect to
each ot hepuit i¥fids drapn pithe daghed Haelgob is hard to be cool ed, and a shear nark
whi ch caneeeHur Al fuuehQlntSnith AH B RBId:k 3ot BRIoRG Afissthen@ap Jhargly occur
in the co[nf izgur at i ém ’ofn ihe1 enbodi nment . [8%032] Tﬁg pr'éssg bgniu?ﬂg%gall %cl udes a
first nolanoRdof moltemcaiase divchageed Zom thefriqlten giiass vetleum] 1t isAFovi@R! etwieea tlreecond
drive uni .- Th prstonold 121 and the second..mgld 122 are pl ate-1ike
menber s aéraﬁcéﬁ%g&g%g% tlhf: Hlé)%terf ﬁlgfsrouﬁgtrfr]rgl P Pect | lgﬂ:slgguglgtCE%P B A 3%1 Cglgf:snci de
W th the &psir aboitahg tladesdivl @and AA2l wiiely afeqgimettdadeac Thet duaing blddes 161 aid dri ve
unit 123 ves the first nmold 121 back and forth with res t to the second
ol d 122, [GPeS e SBishctet PGP fieT QB THFT e mioiet S 0auas o hEsBEong

ol d 122 Hagk. antheh Hetchiting bJECHNQEE 16Darebattéd ©opdthethdmbRdn g15Qks dupend i r St

30 drive unit 123 and the second drive unit 124, sonething which can nake
the firstthaepis fermed. 1P5 soh¢ut ove falls covrad dicicgichgosive 124 becone rapidly
closer, syghas & Ridipey cash 18t eArGRRRNAL Qfng ' oi |
spri ng, cgn b]e used. rl[ 0037] Si hce confi gurtéti gnsnﬁglagﬁzgggg(gg&t]%%h%%, 140
and 150 aplenc bledssamme tatted trethenmfd thargobi i forpfedt thevuph eutéing thet malgd, gladsei r

expl anat i re omit [003 of e press units is .configured to
forma di @ﬂ{%gﬁ‘gﬁgﬁrﬁg%e grgtegl%&%%ﬁgﬁ %ﬁégﬂ d gqu?’ee?” ?‘lrélorﬁlf’ Iétsvghear%? gllll{én%mved
to thes cabledesg6siahd AB2 atehntted taplethedr. iByeconirhdt, mndcdnentivasiaodfiglirationa wikrd ar e
driven and t he dropped gob.is pinched between the first nold and the second
mol d and PAE™ %asaéﬁﬁgit gy gﬂ’é‘b‘éd‘ E q%a%n%&a&%d%f@ﬁw#éaesm @m@g%tgerm#} eit
is rapidl pacob@tng dRRBe isdEAth alcBfcaPé Sfpe URdrt id Spd¥ONRE, thet & 8 i R0t
position, the first nold and the second nold are selpar_at ed and the forned
gl ass bl afiRmi e RmUiSpErss BidEsviyraadristly aden srsmoltem glast ist (ye i pems eyttt s 120,
130, 1401Tﬁé?&oﬁc?@letiﬂxiﬁdéf%us‘ﬁ%Vﬁ%%fa]fl?xﬁ-as fhs@fieond conveyor 172, a third
conveyor 173, and a tourth conveyor 174 are provided, respectively. Each of
t he 20 st [083%lv e owthdrmbre, limee ghthishembotifméng uke éntenenbledesrl 61 24d 1 6% whicbsar¢ he

gl ass bl a f [ 0 | n press, units an
transfer sﬂ%ﬂhbgadge?gllse sbrﬁgfcg%ﬁméésp %t go %@%@%qu\%?‘g%aﬁg ?E]hgtsogﬁso}\}%d itonget ke efdi gures,
for the sagicegsineaRvdiésasn o@D 39} lghusd biask eypadalesling SitiCegbtHagllpo@as units
120. 130,.140é()(n§nd 150 ﬁe onfigured to nove in turn to the catch

posi ti on, PAAECPEERPRYh L e YN BAE move to the retreat positions, it is

15possi bl pose) f orudprdie udik 23® ifdRiaks Bfis0Rlold DU S s¥oonWnioP U2, Walirdt iaRge faf t he
gl as 52 Sbl a?2k3 al?ldtaosegcﬁldcd?'i(\)fle gr?it ?54 ea’ﬁlg ﬁESrt%SoSld lil? 1I ;[m'd the second mold 122 are plate-like
members arranged such that their normal directions substantially coincide with the horizontal
direction and they face to each other. The first drive unit 123 moves fhe first mold 121 back
and forth with respect to the second mold 122.  On the other hand, the second drive unit 124
moves-the second mold 122 back and forth with respect to the first mold 121. For the first
30 drive unit 123 and the second drive unit 124, something which can make the first drive unit
123 and the second driving unit 124 become rapidly closer. such as a air cylinder or a

combination of a solenoid and a coil spring, can be used.

[0037] Since configurations of the press unit 130, 140 and 150 are the same as the



[ 0040] Next, a manufacturing procedure of the glass blank B with the press
unit is explained. Fig. 2A, 2B, and 2C are side views of a surroundi ng area
of the press unit 120 of the glass bl ank 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
wher e t he cgdigutation of theprey unlt 12bahétiédplangatidiniate chfifled. The Fig. 2C is a di agram
i-ndi cat i ngbﬁ stAge vvh&lre t he ,tgo.b is. pressed and the %I ass blank Bis

f or med. 8 As~ach of thg PErSs PpitSps gpntigured yo fogm arligkeshapgidzalass RigpleBisugh thet, j s
cont i nuoughet tk FERINE A0nEvaM 1HRRalPhd GBI FSst QHld &lit dhlidne sERGR dribBEaic Ut ti NG
unit 160 is driven at predeterm ned 25 timngs, and the nolten glass

mat eri al B drigencand the drappedezob igninghgd b¢tadensthd 15t maldt ah Zhe( Eiapd nR{dbInd. theThe
nol t enc gl : i i - . .substantially.spheri cal
gob a1 B T EAE She el FaaRRE ThoElLs, SRRCTRF I PRIET e YaP Rl

di schar gegrepeunitimiroved e thanerat posioon] tieefirvaholfl and diel second rhdl@ azUepdrargd uni t

160 are adj yst ) hat . t he gob a radius about 10 mmis forped, each
et e b P g 4188 gl as HRPosn, CafiobA HoFaROLI G BB O b opL:

t owar ds a1g@p4bendaso, 4 fist énkéetor 101, A stbhdabldybel 2es aid waldod 2B, afd 4 he
press unit 120. The first drive unit 123 and the second drive unit 124
(Fig. 1) EREPINRIA 56 FRaovidsd eimesivelol adnaf thedrst Renvexr did thensh theoo
becongocl gs@mtBn®6h 1% REEvALIh& ofabdBiAK ) i gap
bet ween the fi rsf@grml d 121 and fhe sec%n%ﬁm%gfﬁﬁgﬁgﬁgs&gﬁgfﬁn%? n Fig.
2(c), theugighandcransfersghe)blashidavkeB o eHlsvibe.rsitichrisIngt sivwnaimdhe figurse doritle ol d
122, and i roundi ng surface 121a of the first nold 121 and an

i nner sur ?%ﬁ%%ﬁ%rogg{sf ace 122a of the second nold 122 are in a state in

whi ch t hey0@Pk aldjthis embodimestasinceothb eressmidits 120.5188] 1400iasd 85icee coifguebyo
formng the gobtuGC% t\/\/ni CCI}”_IA i S .glilnc ed .5 between 't he ing%r surroundi ng
surface 12PX° 8PS %S 4P RosiHign: 789 ©Opiach the S5AdmAG P BEAETAPEIFRREdS 1222
of thesseponiblal @l 2R glhfdthania Bt dbhfinydudly,ewiideE waiiap Sor the RSN IEIKOB 1o b Or der
to keep the djstance between the inner surrounding surface 121a of the
first mol °¥eh2tspdh RS Upiner surrounding surface 122a of the second nol d

122 at a @8} aNliedi §tAlk@cnfing AR6RHuE 240ms NARS ikl Rik" it
provi ded gn t he i%ner surrguncrillc% _sulrl_f ace 1ga of the sled(i:)()tfr?léd%%%% gﬂlid§122.
Nanel y, t lseplgined afee 2HebBeand 2Cree signeiews af 2 pumdndige snar dhtbe pre&lwitdR0 pfie

first nol ' 5 | urface 122a. of t cgond_ nol d
1221 s Kepl” s PR FARGANE: SHARLTH ARt SO SR e e ek 132 o
t he s@eéondiagnhdindR3ting 4 ktatehpeior mnformsgrthopetdi Mhe Fig: 2BCie ald?dbganpindidagng 4 r st
nold 121. rther, as shown in.Fig. 2C during._the process of formng the
gl ass bl aﬁg%év%ef/e fbe eggfsﬁgmfef‘?em&’o%gﬁmg wat [ﬁoasg}’?‘rg’tge#?éﬁa BHERARUCHREY Wit h
t he inner akfate Shtid DU ROD RPrewdfae @R R4 Blaalnd idR2aedf the first mold 121 and
t he seconi nold 122, and .t he 2I ass material does not contact with an inner
sur r oundi P4l £ A mdicptsd fn e Ha) spBelese el atqrighhG)is reptinupsly discharepdl d 121
and the seeantheMbitbnlddss JuaBPernat yh& acl vstihd 9nifB80Is dAO NPV dRinkdhe

figures. are provided. The tenperatures of the first nold 121 and the
second’ noltigningepansy de keghien glass material k@t gutl wittethe tcotipe hdades &6l artdalb2t (. gl ass
transition 2gf _t.he l.ten glass LG .ln addition, in this
enbodi mnt'gg)g%@%tgegirg\%aﬁg?ﬁgnw %l%eh%ﬁér?%g)ﬁ The ag%lBSt%%ac%ﬁRhéeE‘f% °\9\? th the
i nner sur @unda tgs smbddment] 24 amofinttdiehd mofén pldsdmat2dal dr@ dishierrged RE unit
surroundi ng surface .of t econd nold 122 fter. the first drive unit 123
2nd Che.sddsite aFFGaR el or 335 e dPiige Rt 1 o i aliprrEscabicfhn oh Ghe! T 1 o
mol d 121 asiustdbeutseannds foahel, 328 tiafeahcanpigaingl %0 & @566 (the state in which
t he spacer Dé%ﬁb C ntrgcts wi th the surrounding surface 25 121a of the first
mol d 391) §%2Zhn Mo omRed edh 5G4 d‘iop?rép"fai‘ﬂs_e? 8 PeFeam Bt finst meldsd o, the

Ther ef or e sedoh® ndfd 155G SRk ALS uiit 008 1THE AriiNGve SHi 1980k B8 SWhhiacs. igla of
the first nold 121 and the inner surrounding surface 122a of the second

nmol d 122 dAH(Fig Brapdavenrsoghaitha first peldskdpad thshiecend molds] 22 dpéatieyclesedd ed and

200t £ bn° G @B PIRERREShEED 66 NBLAR EOL M %8300 2 e

addition, in this enbodi nent, orne a 30
diameter of 75 mm- 80 mm and a thi ckness of about 1 mm

9



[0044] I n this enbodi nent, the tenperatures of the first nold 121 and the
second nold 122 are kept at the sufficiently |ower tenperatures than the
glass transition tenperature TG of the nolten glass LGwith the tenperature
adj usting nmeans, as described above. However, the present invention is not
limted by the above described configuration. The first nold 121 and the

second nolsgeoh@AofkB220E TR b SHEHAGh SICH(cS, it oob e 1LARGH BEMWEES thefrrdi RG1d 1 T St
nmol d 121 and the second nold 122 are kept at | ower tenperatures only by

nat ural hdat agfi t8epgsand weld 12dGRd p MnefugowWMdingduTest1 212 pfchs firsemokiu2l enthdi ng
surf aces %ﬁ%ﬁ%&%ﬁﬁu smcggo%)pm%%&nwrﬁdﬂdﬁﬁ\fug%ta%g A5 Rick Budy ik he
e nol d , e

first nmold- 121 and t secon are shap I'n a substantl glalry round
shape. | n addehint tcogrch dihanwitkasmafl disttacs, ithetbynfoining 2k ghdGEG.hehistesaisthadl d 122

are about 100 .SO0 _as_to,enabl.e ufacturin th | ass bl ank_.of the
above desCFiEH LS SR ST ndﬂar’srerface palr ?@8%%{‘%&‘21%?@‘8?5}?3{ Srogpdipg
first nol duftd 1amzdof the sS@ﬁ@rmﬁblcmDiZJ i3 3 tﬁmcblitlélﬂkdktﬁabanCIﬁ Adekivean Jrdte b nner
sur roundi E‘g?ﬁa#‘ﬁf aces 12l1la and.122a of 10the first and the second nolds 121

and 122 ( disiange PR ESTOe der syrouRting sufce Anle afitbe firet giokbsdl o hee

gl ass bl ankger kroab@HE sk@Qe 1224 SUOIEsHAtRSE 128 Bea E(ﬁl%ﬂaf?t faineeNsd.b8 19bnet er
of the first and second nolds 121 and 122 and the distance between the

i nner sur rBISE A2 BIRERAREYS P1ovided o thelimes sefoundiag fyrfase 1 22adbfttesseewd ardd nol ds

121 angd 133,at | g i U h l.ye, and
it 155§f f |2lc7es N%{H&y tdferr&ﬁ%{cre gt:% ﬁ%% @glﬂr{é&%ﬁ Ld“q% “?%6?{71% ?g.%bfoﬁ T%gingf ter
the first apdid iRf samdndihgssicoitla wbthd sd@8d mtoki R osleght atttlfn@cqnstemshmicé 120

qui ckly he retreat sition. Int t anot her es nit 130
noves tong %’a“togi?cn ?fpc?ﬁer 12%3 ftt Y Seﬁ?‘@s@?ﬁé%?"“ﬁﬁ’é%‘ﬁbs‘ﬂﬁu é’n 6T med

w th the pressftaifiist ilﬁ)ﬂi 1410048dthER s kshdvat inag. dCl Adringe bﬂ)@esﬁ%‘f»%}ﬂmﬁ%g 122
mai ntain the oEed state until the gl ass 20 blank B is suffici ently cool ed

(at | east %58 Ot RIFSNSete M8 FEwRE Slpssmateieal fepigstireniyoiithoha tinirs) |

af ter 15he RE&®YingNutfack2 Q2 IPMRS 20 Pot MAE ﬁ‘f&rrrfo@@‘iﬂp%'thé QRond bR 1 2t2h%1td Lhe
first drive unit 123 and the second drive unit 124 are driven an t e first

mol d 121 a&ss maerialaloenipt ertert vith aarn@ersfegawahr@osurfaqw:d2‘@bﬂeofghamcdyIla’ﬁk Bis

separ at ed t el.ved b B first
conveyor  1URF) LB8 (R SRS nl I 60 e 135 pblerkiie RS SA &

descri bed sa«twvm th Higufes, ras¢ pmmiddd 12Ehea¢mbdrheres ef:thadirsmicﬂid 12P amaf the 6¢c@8&d i n
the very sy i.n thin 0.1 ut . 0. 06 seco and
the mol ten g? é%i % ta’tt 88%‘ 8‘fv§r tW?eﬁatPWf—:ﬁW\ eol Uf“?fét‘qnﬁﬁ‘@?er%ﬁﬁn]g%ndl ng
surface 12bathemdltee nga!;sl‘LSITx 'R béliitlod] inahid emmbedinbe| @tnﬁfs 1ritéi*€al iffdRehe S1E KNI Ng
surface 121%3( ﬁ(gjf the second mol.d 122 at substanti al sanme tine.

|
Ther ef or e Phrtontagty rBuhaigT Sforadipe gurfage é?lat?%h? fips mojhi 3 3@ tho1 and

the inner jsir 6@tNdERG st BE@e 26/ Abidt1PE, FECRP A RSk vhad 2%k ARtleat ed
| ocal ly. Thus, al nost no deformation arises on the inner surroundi ng

surface 1ZTie atit i Heare drivan, fegheltimoat witieh b firs goldhiPd rang thersoemd mmjjd S drace
122a of t Q%mﬁ%ﬁ%n lggqal(gie]sﬁe 1nI \Dhlé}f’% 29:@:’ h?"brk%g a&tp%ltﬂlﬁle ? c?ﬁ;su at f,er I al

is shaped In ape prior novi ng
gl ass 2Fat e2lalof ttee tfing holdst21iro¢ dn Jﬁzﬂreraciyl shbe tsmmdvsrmbfdabbaﬂ 0.08 ieedsmbr at ure

di stributi nen the ooqjléé?- Irieg 2 aorllla eecl1 nol t en gl ass ma r [ It b co
subst anti al'ly URi Torm ~ TRUS: StheeSHr Tk SYEPaP FBurgaFe 3I 1Abt
change | ocall kye ians sﬁﬂoﬁﬂfrtgrsﬂ&'ﬁdeolﬂ"ﬁbf g Se@id nhigd ghass b |s1@dibléd B a dis!l’thRI
cooling of the mflten 1SS mat er | al
shape, while 1t 1s rapidly cooled and solidified as an amorphous glass, thereby forming the
glass blank B. In addition, in this embodiment, the formed glass blank B is a disk with a
30  diameter of 75 mm - 80 mm and a thickness of about 1 mm.
[0044] In this embodiment, the temperatures of the first mold 121 and the second mold 122
are kept at the sufficiently lower temperatures than the glass transition temperature TG of the

molten glass LG with the temperature adjusting means, as described above. However, the
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5[ 0050] Therefore, with the glass bl ank manufacturing apparatus 101, a gl ass
bl ank such that flatnesses of a first surface and a second surface of the
gl ass blank and parallelismof the first surface and the second surface of
the gl ass bl ank are extremely high, and such that surface roughness of the
first surface and the second surface of the glass blank is close to the

surface r grghin@sent@hn it et filmited byrelethbdvel d@bibdih@naLGamM. Muhé fid? ZolEam be
manuf actured, 10 [0051] Further, as described above, in this enbodinent,

the subst &t i arsrcyn%ﬁw 122820 Patsonizsured sugh thatithe erargttres ot the Gt moldbt en
gl ass mat gid @k sdeGhd¥ab@N 28 teweppdatovr& teapettare%ty hgnattlractea dtsfégga@&rﬂ 162
However, when viscosity of the nolten glass material LGiIs s

respect t 0045k edulthleetmb@dhmnet theHeneg [sers@inding enifedes \l\lﬂacﬁmdrﬂéﬂe Wie@ncantﬁtct does
not bego pheyr i | y,.b trn ten

mat er i %I ”%éﬁqggh%p %1 glaSSyL%én ?%e ﬁ%{ m%@ ?71 Xnd pit Is?lcos c ° a case, Sh%pedsﬁl tform ng
nol d for fsmfstmttglytrbmdgahbpd slmsmlﬁomemretresrﬁfltye firsd I@Sld 13(¢ aﬁd th(eb&coaadtotd:) are
side vie a surroundi ng area of the r éss un 120 he s bl ank
manuf act u r‘nﬁ‘eaﬁ}i?alt é%@*’acgoorﬁr%@ntb& ‘Fﬁ%frmtma eeg% lﬂ% g@ears?f’

i nvent i on qeQRrivddl Ghehdiéh. 90ndeB! Birikh BaWvEbn e Us@dter bif Ghe §r(star)nold51751 dane e
showing a state prior to formng the gob. Fig. 3(b) is a figure showing a
state in wWeeehmMobl Fomdithe figeReceiirech theHane sEEPHgIgFtaces 32 d232a phe gob
form pg m&ledﬁrl@Qnd L gecoﬁé GloldsS18 ztnugr%ernahaw mi it s attervrz*zr;ha ghﬁ gl ass
bl ank is fornmed through pressing t sho In Fig

and (c), ttfhelmgsﬁwft@rghasrrglanbllﬁabpsmQosl pI aced bet vveen the cutti ng uni t 160
and the p . e he

form ng %@%588# l%r%h%%g'bl 8¢ QT&E%P%@;AE%{) O%H’ hcr E 3 Con mog%hlezr{r c(a?%)
concaved pnd thHeafistdf GetRzen sleflﬁnidﬂfedrramdmgsuﬂﬁxpen?uortddl ma of te fyedardahén ng

portion can b r, t WO geces. of. left ht blo 82 and
o, hi | SRR BB Byng Rel b Ao are G 20N HEALoYE GREvig neans,
whi chiks @@ﬁqcah@mm@ratlbe ihiaGao@Sf 56:5—ps@Yi ded for the gob formng nold
180. The drrvrng means causes the bl ocks 181 and 182 to nove so that a

state in WH4Zh tABHPeERS MBI 1Ahand g saramd dngld 4Py 2 dascRete arrss thé 18dncaved
portion 180G, %mt\eg rsra&le ée%'ea postibn N uﬁ'nstge%(ﬁi?]@ réa Wi o hée bdrt%acﬁwl and
182 are separate (Figs. 3A'and 3C) are swt eg a ternatrvef

addi ti on, ppsmzxeraatithpessmg L3igl=S tﬂbd&q?wpl‘r@nmddwmearegtmeg@at ed so that

t hese te S the tra | Iass
material nﬁ@ﬁ{ E@ﬁ rst Cldcf fax}doth ?ec&nd’ m&a % Paé @ﬁtc{?)sed st unt S and
162 ofot helakth lsl’Bgfﬂ.tl[Hntly LG@eca(ae leasiuthé tmpemdryb&epaﬁ atwe:d thaanhh detfbtﬁmdabmc ks

181 and 182 .0 h b formn |d 180 are closel ed_and formng
t he concavett B-g %%Sg% g’ﬁfiﬁs“t’hqtzﬂo Ve Rrthe retmy R?Bllt‘P ’%‘ atrrt&f"giﬁtallnvf_G
which is cantipneRiGE yecf)hd)&l\ﬂl\l‘bguﬁulthafeQiﬂvExhﬁnd@laTﬁ@éﬂnﬁ)lcﬁﬁ’ﬁ a(ﬂutﬂeestecomalndra
recei ved by the concaved portion 180C of the gob formn 180.

5[ 0054] Next? arerfepadied: iapdythgiaes plankg iisseparated &O@rtbeererumtﬁéa apq ¢fppfg andaifd t he
nol ten gl "i‘s%%cél@édq{v'aaﬁrstlcﬁntze%opﬁté}t‘écwbélm(lﬁgtlt)' ng blades 161 and 162 (Fig.
3C). Further, the blocks 181 and 182 are noved to be separated each other.
Then, 26he [0849 enIngtlhiasssnhvd'trmnt als ds&quggr tedtebtpe tfine noddid Al edt! fhorstéopd mi@AC of
thegobfr> n i.s.dr ed_ at ce,. t he [ i's
formed Wi ,([-'1ﬁmaaregcilI % gne f"h?S/ﬁ: |Sg}1aH§FIR? Hlter\al ?F wethﬁllad;fjsecon aBou% 03 sect?x%? an
enbodi nentthe ﬂ@lt@mlﬁm&halodontab@ withltheewh¢ afthe nﬁéﬂurrathndtdmfm@ QU ofre unit
time and tjnme i {;rvr the cytting un Oandth ob

f orni ng rﬁni‘é agﬁﬁ’ tlegt @ turrtoﬁ Ris)ond t/mzﬁﬁt &34 Med b dbout

10 mMmis fs@tsm@tau}eaeramﬁé el hﬂleeditu%lﬂﬁenﬁtet urrbGiliinshrfabie1 ek ferimigoaol d
180 are driven. [0055] The fornmed g dr ops toward the gap between the

first3fol d21zad étrrdnt?réuqsu@e@oﬁrafa?ﬁ)t‘&aPMheosrecwem@lﬁe@% agfnqt hegted lopAdh,  t he
First dri W%uyrutﬁmst%é BRtmbile FRECHH 1" ﬁn\é? sﬁ%tﬁldlltg%ux(fgc'eq7ﬂal')5f e Gird )N SO
that the first nold 121 and the second Beconme close to each other,
at a tim ri@lwhénntﬂtﬂemg@bu@rglugssurfmeow‘t’hef @Epsebteﬂwe@dn 12he Hiaddtiomplimte 121
and the s n -Fi g Q s_caugh

et ween ¢ i PoMEP s By s SR § e Shik rrsb® AR defiiabTnf 3P e

sur roundi ng surface 121a of the first nold 121 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 small distance. Thus, the gob GG
pi nched between the inner surrounding surface 121a of the first nold 121
and the inner surrounding surface 122a of the second nold 122 is shaped
like a thin plate. Further, as shown in Fig. 3(c), in the process of
formng the glass blank B by pressing the gob GG the glass material 25
contacts onIy mnth the |nner surroundrng surfaces 121a and 122a of t he

o, o o o A ~NA o A NN o e o L,



[0056] In the first enbodi ment 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 nore gl ass bl anks
B can be manufactured in a short tine, w thout wasting the nolten gl ass
material LG even though the configuration'is such that the nolten gl ass
material kfgites LR0thALQMSHYihE |BW RGIOYL Tah@MhE RecorBl held HrasSteRipblatie 111.
However. the present invention is not limted to the above descri bed

conf i gur adisgputighen ghe diskiike ishapeh malisn cass et h beepures dubsitpnkiallsh apifogm.

plural ity 1§f MARSnBE ffio GRIHe G I8 HahRNGaR) mn@c}x@&ﬁ%m ML & thbe
plurality of 'press units nove on a predetermned circle, as in

conf i gur atglassidank B alusieg covding nfitha motter glassmimpetiahent of t he present invention
expl ai ped low. { 0057] F12.. 4 i s lai n view of the ss_.bl ank
nanufagtuJ@ﬁBPap%%?%?ﬁswégé%?ﬂfﬁdﬁ & PRufEINe GRgas ggﬁﬁbﬁ?$§¥m¥ﬁsc$resent
i nvent i on thal fiemedsassr dfiranisrinrrnl actdohi sgtappathaiglss Bodk adgarakling éfahé hi s
enbodi ment_ i ncl udes four press units 220, 230, 240, and 250 which orbit on
a circle &stgurpsetRdofe o198 isyrdefe0t 1Bt ereat Blankares Fesmelynlugh.gand such gt press
units 220 surdad@ roddfess 3Nfhe 228 s@ifRe QNE e ¥eDRASHEcBBRIHe ¥s DATR Y8R RO t he
circle A, and are driven by a press unit orbiting nmeans, which is not
shown i n tHéaceirgpghaess ghthe fest mpldel 2 apd e gedopd mpipl 22030 be mppufagigd.10 250

or b It 19N g&@lﬁ' re rﬂlegas M\éstgbea agc())\!}sﬁatﬂlts ethB alqllextltythle@ t%&nhﬂfvesgﬁ&fcgldoogwer '
while retaining the respective di §tances betweén the nei ghbori ng press

uni ts. Fung fremed ithroegh suttergbihdinmadtet , glashenatamab &6 which Hewpsrams svithrth¢ suttisg f our ,

but the n er.j.s limted to this nu r. The nunber. t.he pre units
s det or mode IS R0E? o B et Behs AT RS ol g RS g gl R

manuf act urespest tbhd Feqair@d @6i@ine) thenghstharerial Mafie0 h&lc bl dueo@ AsiShedsthé et 211
i's provided abqv? a_catch position CL m@ich is a point on the circle C1
The ol t erfUgFR8a HIROFRE! 917 RSBt ErYere aeHargad Lo Al the ol CLss at eri al
downvagd! VornitldM rAfubl a Bie l @b TR mOliaSStoRMh) e obd & REd LdABurfenfigt Figs.
enbodinment. In addition, a cutting unit 260 for formng a gob of the nolten
gl ass mat Sfdafb) prd () exg st ityes feetrrprsingpireacef the aress wift 128tof Ariclaspllapke
catch posi.tj o t 1L 0G: Wi i i . . 20 . gl ass
mat eri al ﬁf%ﬁﬂ?&%nb} cégM% E%g?fF%%m%$g§%§?$§F%ﬁ%g%%§ggégﬁﬁ§18Sﬁééﬁgeunit
160 (Fi g. ®Rp fomitheold issisednboglidtaens a faure dhewingt hgatglpaiss tobfoaming the gob.

manuf act urd.n ppar.at us, can be, canfi.gured such that . is.formed of a
gl ass mat eFlr1 %‘alcba)ﬁg\aiﬁ%relsgwl\r} ENaSR hgc;l!ll tﬁ“‘gg%’ Job™S rwrlrfhrt}ge %’g{%ﬂg lglbtn@é rap‘gnt ly,
as i n2bhe thd hetr foemaphcdd ( $9. 9. Figd B(0fis & igurk ish@ting ahae metictohe the paksent
invention. Alternatively, the gob may be fornmed only with the gob form ng
mol d as Zggﬂ%ﬂﬁapﬁghﬂﬁfﬁﬁﬁmﬁ%ﬁnpIe (Fig. 4) of the first enbodinent of the
i nventi on.jodR9PS9hkRndviti 5 FETBRS! BPMa (cf, bR otk MBidt188 80p14RH bElieeIRP
formng nold) is regulated so as to formthe gob at a time when one of the
press uni tgttmgomitpBy, anglathe pagsel upB Ol 20sWhich ihplagedt @Hhpeairh ipesitia.. The gohi s
enbodi nent L & . B I J hAachi ng
The fal 11 ash s o s ar arags sra Maea e ek Ep o JROCT 1
, as i2a t hef@0fd psits wybgebrient The @6 B Emgpotfontche bp sepamted nntd $wo piskxscif
catches the.gob _.at .th tc sition ClL,..orpits on .the. ci e whi | e

cl osing t H%ﬂ rgrnn Ia‘(gh té’iocg %g@‘parnes@ ?U%}in;le, CopIREH e%)}g%'éodjlcfvﬁa pf)ﬁlé’nd%gé‘s Pgllrtgﬁka B.
Then, at airivitlgaasss,pasdt is @bt Rownwh etecfidutee, i hassded bt thdash PesRg e dsEabout
270 degreeﬁwfrom

driving means causes the blocks 181 and 182 to move so that a state in which the blocks

181 and 182 are closely-attached and the concaved portion 180C is formed (Fig. 3A) and a

30  state in which the blocks 181 and 182 are separated (Figs. 3A and 3C) are switched
alternatively. In addition, temperatures of the blocks 181 and 182 are regulated so that these
temperatures are close to the transition point of the molten glass material LG.

[0053] In the state of Fig. 3(a), the cutting blades 161 and 162 of the cutting unit 160 are
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the catch position CL, the pair of nmplds of each of the press units is
opened and the glass blank B is dropped. A conveyor 270 is provi ded bel ow
the release position RL for receiving the falling glass blank and
transferring the glass blank toward a next process. [0061] Next, the third
enbodi ment of the present invention is explained. Fig. 5is a side 5 view
of a gl asslfﬁchanly sepanafed C b, | the bagepardl umd3MR of tHehpsh dorhod R 180The gl ass
bl ank man turi PR rat us, 301 includes f S units 32 330, 340,
and 350, é}ﬂf i%awgﬁ%ta@nogn%r%‘f EORESY HePqTHERY 1 8(#5 a%églﬁlsﬁaé? 125, PNER 2188 shown
in Fig. OSmateh@ I 88&hWlchEndably 13whe 3 RomaNmIRY HsCo@MeNM Vs fRRAC&IHApar t
by 90 degrees on the circle C2, and are driven by a press unit orbiting
means, whifgionaveaoratolBACioh theiged fargineanoldd8e-hat the press units 320, 330,
340, and JRsE50 o5kl ! e ORkihE Bnff it G R el B GRASEARL 46! OO Hofeh BN

i nt egrat ed manner, I'e retaining the T spectl ve ances bet weén
nei ghbor i mgtepalels@ iy mittsith fBarcttieg bladéssHli mdt W2 FgnBodi rmrthf;r mheblcmklm)&lr of

the press_u t. limte enunb the press units

i s determ nJ;&fz appro |Voegll tgtbgls?ar g"g eacr?doqﬁ 029‘7?0\[7\7 r’i‘ﬁ’h&?néa%.sslga aéﬁ‘t‘?g’og? y

manuf act urtedondat &d psbraorprsedeifﬂfergobefﬁirnhngmoldhﬁpﬁﬁi)&zﬂ»p%dmobﬁcerhngltlaeS@h&wal et 311
i's provide ove a |t|on is a point on the cjircle C2.
The nol teﬁgtbg’gslé ?‘Bﬁ’teﬁé"flt Salﬁlr% %sql ﬁ%‘bﬂéﬁsd‘éaéer&‘l moP (i elﬁp‘élé@e?fat erial
LG dowgpwakglhMeuns bffhk $Holt¥n a§sstiﬁh?erﬁpﬁ$\@1ﬂ0 ghg&? uﬂyttn{l@ hndltinde fﬂter\talfﬁb; ddvite

enbodi ment. In addition, a cutting unif formng a gob of the nolten

gl ass nmt dieiating S0y 16Q ek the gek \f@@ﬁl&rn@ld rﬂﬁptaaenadg}s&wom thet 208 3G il thhe
catch PSR Ghout. 10 GWidrnBY 4 380 & éu%mIoOJm@l%ocaﬂaftﬁen&)btfﬁﬁmﬁmo?@ gl ass
material wth two pieces o cuttlngnB Simlarly as The cutting unit
160 (Fig. 1&()ar©ﬁr1t'¢ne first enmbodi ment. Further t he gI ass bl ank

manuf act ur appar atus, can con d such t hat .t 5. for d of a
gl ass mat édrﬂingll El}wﬁ \%/% Gla;g%s %/0‘%5(:{%% %ebtw?e(grtﬁle R%St%{i‘ﬁé &naélﬂ ently,
as inis hesﬂbﬂ@fnoﬁkmﬂpdf&hc( Prie g un3)120f Thea, fherﬁ‘rht &b adit TeNbndihe sb@npaasent

i nvention. ;ernatlvel t he be. f.aor med only with the gob formng

mol d as 288hbeh(Fig 1AaAw gy t&%ﬁb%ﬁﬁéinald 11 a5 ﬂierfécqﬂfirr%qld éfPo‘afﬂPIﬁﬁﬁkOSfof t he
i nventi ong {RRGBES, At § BinfretRa @ ®BIGG h& 1ﬁté>tt¥1é gt@ Béméen%%oﬂ&%oluhm gab

forming nold) is regulated so as to formthe % at a time when one of the
press uni ths seapd mag 123404 dayn35big §(catthe geb B&t ie isayebs betivesy e first mold hi s

enbodi rrentmamdahék;e%a@%% 9423?4% ma%provo%ﬁh@g &»ﬁv?ﬁ&ﬂi&%t 513 RhChi ng

the falling gob with a pair o eac press units,
as i n2f he a@OhE prgier smgnﬂmmm'facq U@@AI Hastrood miokiel 7@raesis alstaketis whwdhnheky aat ches

the gob at, the catch pos orbits on.the CI c2 i ng
t he nol dstdto%l Foh pmrxérgg‘ fi“rlfl¥ feparaherbgbﬁl/v?:rc\)o |ngdlftﬁn B-‘Ieafr?yyé& E at a
rel ease pd)su“tebxoﬂleﬁ’hner stivfemeint kefye 35 ofhihe ﬁIﬂﬂSncheeIn szﬁel 1@bﬂuﬁroﬁﬂd3ng

degr ees, ir nol ds o ch of press units js opened. |n this

enbodi rrenf“*%a?eﬁgﬁ?fﬁée FECR mOL‘H rfétsh@ﬁ%\kﬁe?ﬁhlfl it | Gurthen 3sshawpin Bigd f or

novi ng a Ap)din W plobdss Br REGRERE: ARssUPRRIB %bgeesﬁﬁ iheexoﬁej@@&eq&@%&érfan RL",
in the horizontal direction. By noving the %J in the horizontal

di r ec®P on catagthenly @ll@db%Hwersﬁmpwlrra_surfaw'fe%ia ag% 1aznf heBfinst andetie s¢vord ol d
LP, whi ch;b1Re6onEs &, 'aqu’\ﬁE 0ﬁ§sq§at@ﬁal e r{o@tm%ﬁwp?&zhmgp RoundiRE GRS

accessi bl e from above. In the upward direction o e release position RL',
a sucti on 1A@dhdithesspr®@6022bs provi ded. The sucti on mechanl sm 360 sucks the

gl ass bl a on_t he | d.LP and e gl ass bla

the sucti Edr‘l0 Sﬁcﬂlgnﬁlﬂsm 6P HESA %é?tgletpﬁeéertg}llﬁgesm%? a’ﬁkalﬁe mg\gﬁ%&?‘%%c%? 370
provi ded iphurgitpxf piebyunistinot 3@, 14, @as e5peiprocart ikltirn ahli@agh #gSeobl @dke B

t ransf err eger n | Qre

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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10 conveyor 370 by the suction mechanism 360 is transferred toward a next
process by the conveyor 370. [0065] The press unit used in the glass blank
-manuf acturi ng apparatus of the first, the second, and the third enbodi nents
of the present invention described above is a pair of plate-Ilike shaped

nol ds such that the spacer is included in one of the nolds. However, the 15
present i invmtiori om bescandigutel sichetdiatt opluteditia bOpressdests rCiatbledlecgﬂbf(B@ wnatften. For
exanpl e, ) ers. iti.onally,
the. br es st “eilh 6 e e Btp R e RN MU e SRR IR i s
6(a) and ({fb)se@)lﬁ@‘ﬂhd)zi ﬂlﬂrﬂ e¥tibe v e ofdheirEseft Mflldn'ftloﬁ)fsxyﬂzhhﬁl be)oanpl e. Fig. 6(a)
shows a state in a first nold and a secqond nold are separated. and
Fig. 6(b)%dws Fg 208 §1P%i’t“é‘”|eﬁ qftihcgass blank mapuiacaEiag gpRaEdTSacopIing th dife d

The press.un i o0 Showt LR Fro Ba) andSCh. el iee o P ohe Lot Che
first nolapc@ding te s aehodivekniiicldsoigur pressi unis 24} 23 24fhiand 330 whigh @rhit @econd
drive uni 0- |, nﬁ@rv ngl

confi gur e%lmfge %la{i %@ZLJQF{?J@B&E o]'ggég W tlsﬁl [ Zh ﬁﬁﬂ%?ﬁ 6%?8{3% ng 3?ur ace
(the | ef tamdli2de asuaverdg epaced aﬂmet brw9@uieg)ecs dmthaddéle Codygndargdrivemby tpress urdii r st

drive units. 530 are provided . between the fi ra 501.
The 111t ShFREa M st PRETIGRST T coull o s 200 SPertsl 327 o
532, and 250c@bit oS e ich@e B3 Jvithh@nsh@e¥RcidBih dnSnibérk@d madndr hehiferrad®ingGe On
the other hand, the rod 532 is fixed to the first nold 511. In addition,
the coi |l WHeFHY GYances befvisebg neigh PGS REs £ i Fusthernis Hissembodiment: Hae 30

sl eeve 531ymifs oBMEWrsi ﬁ'mF 116 foud (H) the inlmBerSik AbElirhifed W G HnidiSer f | THRtnupiped 511
is not catching the gob GG the rod 532 is sucked into inside of the sleeve
531, and e¢htequwess @ps i getsBBn¢ds apnaensietels elgperfliu6®] o masyagless nuks 520

i ncl udes de frame 522 to guide the nold main
body 521, %a (QH g% %%%%n g@% nove the nold main body al ong the

gui de1gr a[w58322 Aﬂihbencgl:hss didget 2Uhistprd2@:diaboveudeschapositier Ce WBi2@as apdingor od

523b, and,is. Vi whi ch gan acc rat el ntro an anpunt of f rdi ng
The T oa Ssputled: r dGpater gae R Lok R kRl o by iR A B et

cyl i nder) dowiverdy,eax@arbZa3ahd @ot&dn@ﬁs botidthel gtihe girdt eab®iiD2R, I alddichhe rod
523b is fixed to the nold main body 521. The mold mai.n body 521 can. be
moved bacR@HdHbrth el BREIPEHesgu é@efm%ﬁ@ 895 Hgter 1§/iPFf§Y1‘¥eHebe&‘iﬁePrFB%r uni t

523. The pplid niagsrbuttetdyu%é ths cfictPpitfnl €K TRMB&I AN 169 i€ 98 dugiiieae t O
catch the fallTng gob with its inner surroundi ng surface (the right hand

si de 3Qr f meHer glass m@ttrtagmtbfwgmaes of ogeng plaggsysimnlpty asghe eyiengenold @ig ve
its 540 d t d mold
uni t's ﬁgr e G, e%%o?ﬁné%‘? ef. Nfie %‘Asgeotirﬁ(agig%\}f?cr@ﬁ% ’ eﬁspa}at&% e4cgad o

520 and t rame secon drivihg unit a sl eeve 541 of
a linear satnlfgm'd ductathatdde 8dRis fanniedaof(mﬂlhssspmrwg h5\48g lobhesslseevand 4 pob s
fixed to the. fra 501. Cn the r handl 54 & %ed tQ %g

guide fra rfo%t‘j‘ie{‘ iy “t ‘trle“s‘B? £ gsﬂ)so %‘fsﬁfﬂl 4 Reen t he
gui de fr aﬁﬁse‘iz &v@xﬁtd)nt haemb@eye thddbd ris dhded 6k1lFlu§th th gob forMing wdlatae in

whi ch the second mpld 520 is not catching the g the rod 542 is

15sucked Fhere 1p ARqths exgmplp dig|4a 8 tbe fxst em ?famﬁtf@f&*t?ﬂtvegmq ng 543 is

conpresse (Bﬁpoﬁgk&§eﬁb&hﬁﬁ&tm@Qu@$ghﬂ@76@@n5§2w%ﬂ%9mh@ﬁm&bQ@Mﬁmﬁéé s¢nd the
suction of the rod 542 into the sieéve 541 are released in the state shown

in Fig. 6l fomhieeapasaime mhrripye ofithesssauits 23 A3 RE0.ahé dviszgthelsyich
repul si Vepés?tqocﬁeCBf Itrxnﬁisce%tlodﬁxpént, rﬁgdigéghap@d’]gla&htﬂalfkj Bt fdmleﬁj b? ]cgitcﬁ]ﬁig céﬁi y
pinching the falling gob with a pair of molds provided with each of the press units , as in the
30 first embodiment.
[0060]  Each of the press units , which catches the gob at the catch position CL, orbits on
the circle C1 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 from
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noves toward the second nold 520, and concurrently, the rod 542 rapidly
sticks out fromthe 20 sleeve 541 by a repulsive force of the coil spring
-543, and the second nold 520 quickly noves toward the first nold 511. At
this tinme, if the gob GG (Fig. 6(a)) is in between the first nold 511 and
the mold main body 521 of the second nold 520, as shown in Fig. 6(b), the
gob GG i sh@i:aﬁdhmitm Glhehd pais of moldd of ractapdthe Ipeessrohits iswpenedady tB2dlasf t he
second : i's S ddi naII in a
state in % 5’%‘5 dﬁ"é’gg%ct? %;r} By ’%1 " prg“@‘%feb E“i‘éﬁw ?ea%%' H"SAf “eﬁe%g ¥ing " he
suction aﬁeﬁhmgghdsEéﬂcxﬁnmnﬁhan§MﬁﬁﬂasBH&kam@ndﬁhampﬁdwsa tip portlon 522a
of the gu @g_frane géz contacts mA%BFthe first mold 511. [00Q71]]t i s known
that a gll4%d] matVer e T} FRRpent oF fleguessd inyeniipn srexPR@edl Ju8 Tesidal is
rapi dsy ce&l @d afJLMankehdRhcatial Qpanshud 80P fhidedbRSent. | LS8R MWarkOl d 520
of this exanple drives the cylinder unit 523 depending on a Erogress of the
shr i nkagen@fachang pppasatad Herdudeg four grgs Britssies, 1e34Pphwl 1981 whishapits®1 of

t he seco war, t | a

gl ass bl dnaﬁ(f(%%é &m/ﬁ%glgagﬁgsgg}ewgﬂd%ﬁe ?lqdc'hg@? I“ﬁg 3'::21‘(1340!9‘5&]CJI %63(?1236’%
excel | entanfl|380 areszenly spatat aped by [P0 @E@Eadai the ondé €., and sreshiowmby mprléssgunit6( b),

in a proce of for e ass ressin t.he

gl ass nafgéﬁg Hggﬁtaccgl%ﬁwfgow?ﬁn?ﬁ%%Fﬁ%é?¥%ﬁrr Ie%ﬂhﬁséﬁ%%QCes STfa and
521a 10f t31@ obbif &i thevikdde 51 mﬂaraobohmn Felocityiaian iledyedR@niet, vitie ragamathenol d
520, and does_ nof contact with an_inner surroundi ng surface 522b of the

gui de fr dAPeEs GFANCE Behean; thhe1gbogng grrsgpnitsgy BW s iR fRsembAsattent, a
nmechani s ¥RiaBerCEURSE presd @nitP]sth I BinlteR A6 YoR2 dnd &ehﬁnﬁs&veﬂm@ Y&E YRR |

di stance is only provided on the side of the second nold d? However, the
present i dpi@ERined APPropRRitly.| demindink o heananyosless dianks m@edm&ww@uwahm@n The
pr esent Hﬂ&ﬁﬂ%h ggg be configured such that a simlar nechanismis
provided on the side of the first nold 511. 10[0074] Further, in order to

i mpr cMke sl@p@abiAl rhtblj,en(gﬂass buglef B Ylsis pmviddd abletatvetch @csmnrdl @i wdhidhay 2 pgntoome  of

t he above, descri onf | t|o Li,ncl udi n he,second,, and
the thir dOREGtCAent B MolHiBas R f1iSalbiir ik b air P Be T aa o
the fi rStL(Bu:lodvna/Iafﬂl\t, rbemﬁﬁnoad tie hnditer] QRiESokrilg. 117 df5tha fikOBhbadi@witl NInwhi ch a
nol d according to this exaqgl S prolect§ﬁ froma 15si de of outer

sur r oundi #§ TSy f £UBINg gty P50 &3 ﬁm&gsﬁ g whithemabes elast mesHelais tPraited a gob
or an optpeatendh@Ds1td 88R)outldia 1 HRE theR@RN YPositibh ELEXATBL B AN 38NisbY. 7 1S
to be adopted for both of the first nold and the second nofd in the first,

t he SEtondittingnide molter glapgmaienaldy it At ® PiepB O anttngdlades, surieri s dke eoting or
communi ¢ the o S

curTace ard mOgoR 2ho Ghe B LAURARE, SRR B AARECRURE IR0, | 59
t hrough h@lllé)e@@lﬁgurﬁdtShél thitdbe gcbb ISHemled R€p ghgy matanalihaging Lomf amsit)suspigsm ed in
gb[]g.: gggo%gofoldml()f apd[%lfll}:uen[ I ! :,s:]ll'lnaI ncﬁez(,ar%%lecﬁ:lg%cg%f%wsﬁr?tleglrt]):g()dlglﬁpt ofCEhe
connect edpr’e@:nafmvapﬁht Alhﬁ'nme etvheletglob (mgfbem)hﬁed%ﬂv ofith tthegdbl demia n{othe asD uter
surroundlng surface. Wen éhe f| t nol d and th? second nol d are opened

af t er?¥ or 7P 1t mothsr sea@nly 4B° ﬁéfSéera%h@m BSSBERH t i es that the

gl ass bl ajpgeRdhes ass LRod8ed] the Butie udit m(omecgoari&ﬂlﬁgeméﬂcym@qmwso and
the glass blank B does not naturally separate fromthe nold. Ih this

exanpl e, #ifte &rmy the 29k # ity VHenapg of Hie sese yaids 1901 Pape0. opdh¥ids at the cajftass
blank B is,fianced tQ @8 SaRAlAe LEoM. g&egﬁg' ‘gmﬁpﬁ iPYorR 808} RgGRRL LS Sed

air into the through hole 601 fromthe
pinching the falling gob with a pair of molds provided with each of the press units, as in the

30 first embodiment.
[0064]  Each of 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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[0077] The gl ass bl anks B manufactured with the gl ass bl ank manufacturing
apparatus of 30 the first, the second, and the third enbodi nents of the
present invention are forned in a disk-like shape of a true circle by

chi pping away an outer circunferential portion at a post-process. As
descri bed above, in this exanple, since the nold has the through hole 601,
a mar k of paite ntdhdsmfghrhhxﬁltle pﬁ@iuhigs it opemed din thihemiyddasenthd dnminBneddamener

since the |t|on the thr h hol.e 601 pl. ce out si de of .an_outer
ci r ount or w B Fpe Bt F skl AR G ot d, B P BER Pr SR et R0

post - pr ocas&elehéaepdmrok R, tiln@hd mbmm hadeerida0 1 Hvsmaolholteé tm&@ When gheass

bl ank B whi ch has been for ned. 0078% For exa when a gl ass_bl ank with
a di amet eporEPuBEdFRRonHithaTelease pogHon RL tf&ﬁ%@SﬁP 6 Balaced ol 58 “HEsh i s
manuf act upRFmed Q%vdérasm:etaerthé)lfeleta&ep&itﬁﬁsmp| BOKmRY hQksditle B@mf HovEd 1Rlhd he
post-process is about mm  The through hole 601 is formed at a

posi tion vitvose dﬁF@theréhff redﬁmap@symneRL B® S@ﬁthnh@eqjllaa@@ Bi0ain kor@ided. gFlsat er
than or e t t her,
a di amet e%h%g{? ﬁ%ﬂ?ﬁ}fﬁoz’u&ﬁsua(ol e %%% k}lgﬁ(a ou?ﬂ: Orgéld qﬂﬂ@ ﬁ“ s e éasmmflg

10[ 0079] Prpeedyr eEhanf therarmblamte(;lranmgl %Onmgsfens ithe gliass klankBi ankp 3 @nagyor 370
information recordin i

bl ank B 1 BPHERE By Pone v it hedodf Blua eSS 58k 5 EPREEE c8eBS]

hard db skccdﬁvyd;esme@dﬁaelsﬁét%nfnédhamsxﬁmm 16 Itraviéfbrk @IS towaf D & MRkt PO bl ke
magneti c di sk by_causing a magnetic head to be close to a surface of the
fast rotafIWEY¥PEY exanpl e, 157200 rpm) nagnetic disk. A distance between
the surfappesf the ﬁ@@nﬁitl&e@ﬁ§hleaagssaaa%ﬂtrﬁlaﬁ@acafmg%pm&@%tm& hRadnd s very
smal | as about 5 ri'm when perfornming reading or witin i nformation.
Ther ef or esecpmd |a9drtb@|dmde¢1nltqdanenas 2 ﬁme‘smtamderémfm@hegwghmgsa pdir phe
magneti c or 0 2
o espel ity S GO Al o B8 Becl R ARRCAE AEGERL LT BERUTL AP

t he segongresank dlvelflth]ll‘le 8¢t lthewidae she2dbopd dd:sheba‘dl aosfiguritionu g hoit dxamplei bath of
enbodi rren% of the Qrese.ntl(i tentl on aAﬁ sthvmthout unevenn S‘i

descri bed 5P 1% HE Pflpdg FPEtGh ¢ ¢ lP?ﬁ o RS ML S B PP RE Tt esent
i nvent i onshape mmc@iﬁﬁmg reation arises during pressing and no defornmation
ari ses because of the thermal gradient within the glass blank, the flatness

of the folthefl gl Ees %@aﬁ*ﬂé (B show plain vigKH obp %Efﬁa“lmtt‘?f thisrremplsi chigs8@l sfi es
a target Em&sraeﬁﬁe%wﬁwglam 41 %ha alsecdn@mdd Eﬁ%ﬁérét@d ding lﬁg 3m) Shewef or e,
in the procedures explained below, no process is perforne o0 adjust the
fl at ne8s Etaisrin ehéahs roltey %swaﬁsm@icémyhedéwem@eg{;assolﬁ)Ia@shﬂbe|S@Op¢ @@@ssed to
have a degj desi.

bot h of t%e([?glﬁisrﬁgﬁkr g%rggd ofe[% t h@eq? H@% m) ‘él’xglnﬁgi r?gagsec!)br)ng{ CM&Fgaﬁ

press devis@gshofirst held 311 sthetsbnood givld B2, ahirstdireninodiSA&ning ackcdnd eiripe ement

i nvention g%e pl anes 30 w t hout unevennesses, no |ocal stress, which could
be gener ar by engaging the glass blank with an uneven portion when the
nol ten gl a@s7M8t Blid Aist 161dBA0lie4l plashlikéertigmber Sn@RNohBELrEdot dA&hG! @BiAg bRNk B.
In addition, in the first throuah the third enbodi ments of the present

i nvent? on WirEduien gurandiag sptasedbscf sl sutaimbe fggre hdn peditien a@iua%lgy

mat eri al  toashgri L 536 e PRNLE Borwall RERstHold BE SRAGEFaRE s6ihe TRP ke
Therefore, no | ocal stress, which could be generated, if the nolten gl ass
material dome ueit 530 Wickes halesvsrivr fé@rlmammlwgldsarr@cheeu ond atreil sparge?3nas
cool ed, i Jegd Ank T h Vi ces
of the fi f%?glt? reoultﬁg%i%%q%hl r E‘tnljoodl (r?grtl}%e% & J%}eegséﬁg%f |s%§§:5|t§l§ﬁg§?

hi gh-f | at medd Sgll. aés afpdigoml tHe cﬁllmmmg)nfﬁ 1ap1rmh@i\nel’mne@sn thetfirethmad Gl darsiethe

gener at ed h des ocal, str ition,
iy Tael SR i) i A R S A DV R L S
i S gener a'fgelﬁi a® thdﬂ@o@bﬂBSs filcetKinkd 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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[0083] Further, "the plane" of the inner surrounding surface of the nold in
t he above description neans a snooth 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 di sk can be
eventual | y obtai ned. For exanple, a surface including, at ordinary

t enper at uthe mod sl Hoaws:mdlaﬁd £e@inae unit Sh8itghbvd the hdiBmiindBdPiloMHakuii® tens
of pm) curved surface, for which . a thermal deformation of the nold during

pressi ng S8 a2 %hrThr?k%’B%d%f“n’ctﬁé’ dreludes gislgske atid WY 981 2Al Aeds e&RERE i nt o

consi der alyhRR cart foclAdPefetol h FndudGFFoRfardibd eRbBEBY withlrasdeP A8 4e sleeve
Hereinafter, processes to obtain the magnetic disk fromthe glass blank is

expl ai ned323\§odeemishedydtoliecylinger).s Thecdepsabyda indixed hethguguede fednrecd?f er ence
of theggl t@xﬁf&%@@%?% issﬁf hapegk ln'aldamgé%dg"rﬁl eTI?ehm?lddrﬁ? hrb\%ﬁ Q"V‘EQr?bQ”

Further nefic disk is required to° Havi a spindle
for spi nnmgedﬂmkram@ﬁmﬁm@nglﬂ&lgunck fednteaiPAey. driving theodyéindes unmrsmanﬂ?heandld) t he
outer circunfere th Ias B. af er shapi outer .

T Cun er S0 24 ol e Re R e Brtefed Sl Bt PUIRHEP SHEAE et ne
gl ass bl aelkrroanalﬂg sirfRe {tBE AgHtihem wde sTuHEcehﬁhl&: ﬁgurd)hngl ass blank B are

achi eved % scri bing. The scribing neans_that formn ngq?tvxo cutting lines
(1'inear sé& é?lchefépl%ﬂabeﬁthpﬁem dEpheist H0ere porded inghstyere theeyide Bame t he

gl ass1 Bl angk Br Wet RcthdSHbPO0 HBARe §hma %?W&Qc&ﬁr&}iﬂﬁ‘g Qhit Jh@RAMes o
particles, in order to shape the glass blank Bin a ring shape of a

pr edet er mislied il 08 atigpdrsglendié, ot ef2.cind euretl sperc ¥t 3andhe bleeve251 hrofieed tcrhe
gl ass bl aﬂﬁz i bf B C5hA%dnd Fhearﬂé Qﬁpfé 4 (B g& ﬁ%%%& Cigf %Ji
eat e er n

partially Since arate ¢ expansi e gl ass ank B at
an outer sﬁeobeilepmwgﬁélblmgmbhedm bawgsmerhé guwid¢ frame 62Padndolie shdevai4i. nnﬂesrshswmle a

SUt o] de. paTTEGTABI ¢ Ha® GLYBF: REReRns Fold Bt rd caitbe At ARG B6ired Sh ot e

I Nner 160Ng&Ykkd info Bikide bethakleevesaD\Aad t}fero@msﬁnrfg sidliecap@rdsisan. The niddle
portion becones the 30gl ass bl ank_B shaped in a ring shape. [0086LHere i f
the surfad®Pbughifsssicym qfiee yrads inse &wwlesva%le@ééhelsuﬁmn ftrode 54 dnto

possi bl e %Meew@mcwe tdifed inNfe dtste emmqmﬁlg rsm)ythé Rfd@%@ raptd) GEcis BB F&h 1 ber
does not follow an unevenness on the surface. In the first enbodi ment

t hr ough t e sl¢dve d3ermyodfemulsive ferhe of thef dlespriog ghheand thofirst meold AhleAuickly
surroundi Qrg)v?y txfa.\gcfat_llfg ?écoﬁ)c? Sl%ﬁi 79r mdrl,%né 94/ RS ro@é@%g%@’ ?Llcﬁ?{)tﬁtff%fxp&e | ess

t han or equa ddit] on, describ rst
enbodirentletver tighy tahepuléive ﬁarem»bﬁhe rmﬂtSpnhgle4$Lanﬂahce safcomglnrodxs§2(bf;u1blﬂg i nner

bl ank B et ELRERR R et . S M EEER B8 PGS e S PhBT or mec

gl ass bl ankstBdi® 5 1iegudl i 86ld nidBodves s of thaReddhd 8@LEI20! & showiin FheSf @ee, the
cutting lines are successfully forrred thro h the scribing. [0087] Next, a

shape pr @88 §iGhig Pinshed hethe st Beld “gi aadthe mpk m@nubgdspé?rlquﬁhﬁeﬁconmol hze

processi Ngnd RCIUAESin GNARE 8k ngapé c hﬁ&mt%daﬁﬁ iRt sEa'fEem%ﬁﬁ{ el shf grugncg end
and the inner circunference end). Nanely, chanfering is perfornmed to the

out er 2&i r ca#ringe drrcdeesnd3 bind the suiph nthshap et giaths slsbeni¢1Brareieases. elie i nner
ci rcunt er%@ﬁ%n%”ﬁ'aé’ﬁct Qﬁdé‘%&e M By @ts%tﬁ’i?ass"kﬁ(ﬁg LP”e [ 0088] Next,

grinding i's perf'orme fo the ring-shape B using fixed abraS| ve
[0071] It is known that a glass material shrlnks 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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grains. Awdth renmoved by grinding with the fixed abrasive grains is, for
exanpl e, about several gm- 100 gm A size of a particle of the fixed
-abrasive grains is, for exanple, about 1510Fig. 8(a) is an overall view of
a grinding device 400 to performgrinding. Fig. 8(b) is a figure for
illustrating a carrier used in the grinding device 400. [0089] As shown in
Fi g. 8(a) pressine the gqbdGﬁghdgvssmtdﬁchnmﬂswdbmm thowaer sutrmeding satfeced 3PLa an

upper fi xe |, at ter rier 408 di nd sheet
A00e o PR s e e A PR dlF Riitody st REF heEhndibeie ekl ool ant
418. The @ét&&ﬁta&l|vath|<anllﬁn@&hlﬂﬂlﬁding\/kdrfhcé mbmfth&@dieajﬁ&r&%ﬂ@}ﬂdhaﬂlﬁlﬁiof@ﬁs whi ch
t he di anond sheet 410 is used. [0090] The devi ce 400 has a configuration

such t hat 2tH#&i nternal gear 406 is pinched between the |ower fixed plate

402 ang t [iR78iPPran this xathoBhh€ a4Q4hanthe WL LA tﬂ@‘?ﬂol&"%xd Body 3Rt the

| ower fixed plate 402 so that it does not rotate. In addition, a plurality
of carri emevaiysvery emalligigtercedgionly giogidedpn thesidernf éleﬁwon@e@idm Howees. t o be

e 00" AR e Koot e GOMBLALALKOD ARl Pade BLlke TL Ve

carriers are supporte i anon are adner e

surface ofnvbrtt@nlcamiec cqmlﬁgmed 403D thnd sindlaa mevippesn is prdvaiee oo thet dide dfpmaeﬁrstpl ate
404, respecfdél(f [ 0091] Further. as shown in Fig. 8(b), a plurality of
circul ar RS1%€¥1408a are formed side by side on a circunference which is

concend r i Qov# t Irurtead fid efded@B8imploi@ ﬁbﬁ&lﬁl@ &Nike Birdt SmAlk a6@ hS3Qcbkl g hol e
408a and supported by the carrier 408. Wen erformdtg gri ndi g‘g%a pair of
a

mai n sur f BReRE e of e aypecdespibst ronf eigiiens dinciifing therfstaiog fesApd. @ dhird1 o,
whi | e pi nelsghihBhDehWREHHiREn l.QuBAifel WP LAl Be 48RdaDInd REt YRRE "and inked

pl ate 404. [0092 en the sun gear 412 is rotated in the counter clockw se
dll‘ectIOI’ISf(CPWme lid-lined arrowdirection in the figure), while

contactin @0&?}9 @%;7 Ql f ﬁ%ﬁ{ Hew M &fﬂlﬁlgg m??)gdv%%ggrdgllg"%é ﬁlt ﬁéx%gle 1% }\é?oigzptectl (e)mdai anond

sheets 41 each the carri ers ves®©in e C W 'se
di r ect$ onsif¢t heowérrsgireundoignurfalaghsurfanech aslﬂawhd:h Ideelstnot)ﬁbnltd’ctt ik afgblg o @) ,

whil e rotatln in the clock di.rection heb ke. ed, arrqw direction
in the fi geH?e Elaﬂmaﬁe)t 188 V\I}’éé%r?é’fﬁn%em@@ 8‘é’§ 18t gt F opis J9nPol s i de

Wi t h r espetthe fiest o ﬁidamebnamﬂaﬁnﬂaﬂnst haeahy, a@artﬁeqmm &b @ithél. Ng.
[0093] As shovvn in Fig t he device 400 circul ates the cool ant by

suppl yi ng 48l conYOaHIEO%Eg’ ?eﬁ 6f h éorommpniratng e opsT sHEUndipE suFick ddthitat e 404
W th a pufeddProurdifl GRfab&&t ipRFided 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 separated 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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t he coolant 418 fromthe |l ower fixed plate 402 and returning it to the
container 416. At this 10 tine, the coolant 418 is renoving cut gl ass
-particles produced during grinding fromgrinding surfaces, while absorbing
heat generated by grinding and cooling the grinding device 400 and the
gl ass blank B. Specifically, when the device 400 circul ates the cool ant
418, the dethedmodghthdie 6Q1ei|s$>latctpbomjdﬁafmn dit8 cinctrhietdnee BR lof ére g2 bjanbB ded i n

the | ower and accunul at e S articles in the
T or ol B fsh emPd T R PRE e it M ttheR bR PaLB bl B0 SRt ot
the gl aSSghlss’JHl&klehﬁﬁﬁastH’éarﬂf&mQﬂ. um the fixed abr asive grains slip on the

surface of the glass blank, and it is difficult to performgrinding
Ther ef or e [0O7RI orks exapplp et iear nvelgts Hlafkntyithe cdrmase qflééﬂmaﬁ’hb}gllﬁléseéaﬁsrﬁs
effectsvelsabstrgtb%fwa}@@gcr}ﬁvgbmaae&reah@le %nétexswthw&gg Hﬂnﬁgﬁéﬁ&%@f the
mol d to perform press-shaping of the g ass blank is adjusted to be greater
t han or edualed tap tie. D)).’I.St pravesand abdye 75 208¢ oughngwsthrsfugh Hnelesﬁi)rlfladelmﬂdealenness
of the sh s gater than ar o 0.01
o 100957 T8 oreLRes Ry Rt b SR e, R, B ALl i T B Bl g, 1
IS requir ééstoratand haes &am bagmal oBginess birtliche dmneEr uli¢ throngdh hgle S0t isace of
the nold f qur[H]@Ugl ass blank is regulated to be less than or equal to 1
p. m Nama@ t nbodi ment, the surface 25 roughness of the inner

surroupdi nE7SUr f Beedefes bhﬁxaﬂﬁfa&uﬂnﬁz 8 elaghddic RBsiWwthlth Ns tah enfbAE6n @dcofdigm 0. 01
umto 1 um However, if it is not reqwred to cut the glass blank B, then

the surf addHBydhnaderdofiss Heviee dem éll?r%l%iﬁﬁﬂ?“rlngsfﬂfnPf‘élc‘@’ 8t aeee decabedhn be
set to bep g 0Bh& o 83k§leqval ue. However, if the surface roughness of the
gl ass bl ank B exceeds 10 um then a Ionger time is required for grinding
and pol i she0$gl Tzhélmélfdﬁkedem? reagls priefeatih [fomt or wetes mf@'n@tmrf amélenmghmess 30

of the gl e ner
surroundi ﬁ%ﬁs %ég @?ﬁg Cyhefi& L ?6391 S at%u?%r%g{lﬁiééaf%t rOtafngf o exﬁmﬁlf pmto
1 p. m5evénoq prn‘t) lneacncutctduskg Afdlsltdmee dtass thd sunfacBofithe mainepedf‘slo Ermaﬁsurface

[ 0096] Further, in th nder vice 400, grinding is perf rrred .usi ng the
di amond sf‘?gg} CsmagpEpc 'ﬁg\ﬁé\ygr r%?ﬁ h%’?“tﬁ %‘dwaﬂa RIS TEAHE PETILRE A

di anond patbinghies. CRitrdieeUs @beqiingtiead fRifnets @ d duAIRNBu RO o it bhagnEd
exanpl e, the grinder device can he configured such that grinding is

per f or med GAKEFF 185s5paaoa PRdaY g And Ak Ehap aF tquel t 8.2 nhiresRecsiVEY.combi ned by a
resin and @d@[’edlnhé} s%rr@@ddhxﬁrt sutthde8 of BRPRst ASid bhE el % d%l@gf f{r%ssgc{e@lcgé

5[ 0097] After the grinding By the fixed abrasive grains surface

pol i sRPng obfthe Hiest hepyeh 1hea AkrdBemapdeentsopivth. prasent tieveatiah engriflarse widloushi ng,
an end Surgé’\%ﬁn&gest hgs g&@%ed%&%“{y tﬁ‘% ﬁﬂpﬁ Ivg%eatggd bodlrﬁen% rff tﬁleC f?r aétn the
outer circunference side are RITFor-finish K% hi s
tinme, a sllmjvremyqn winccto defoimaties amieslduqnag}bresshg&ndﬁmcdefmumommnde E&Saulsé)oﬁe

B, “such adABEh BRI bR s B ST B8 e S Bl Bt ke 8 or m

scratch, tiumed@huaper 4§ @hiich tdaefi@ndageaes d@@'olla%mdbgtrat@ﬁﬁﬂ"rr{aeﬁ’&i% d(i)Jk
pr eci Eltatl on _of an ion which can be a cause of corrosion, such as sodi um

or potassildfeiEant B Predent etplaipuowhNeR Procgssiis peforpet ros g thesflamsss or med
on the maify, %k’irrt}ﬁ@% v@fap fnl?)@esg)r bRded oBkasisnibb @H}'ées@cd ) h\M éjcri Besfr@c{@l\éggalﬁf athe

first poli Shl ng]| for exanpl e, about several gm - obj ective
of the fi rdstireg ainsﬁlVﬁblei s to renove a scratch and a deformatl on, which are

renai ni ng Lhep%mep < Jﬁo%ftaémﬂerrsﬁ eg o%e g;sk nggina%dﬂetsgﬁtag%oﬁd X564,

abr asi ve ra| sIm ar devi ce as used for the
gri ndi ng wrdsh deshees foif deedfirabthasighy éhegthird nmbodsmemedf thla mésentfmvfeehorpm’elpe‘,dmmg The

follo are two differences betwe evi ce f or. r st
bol 1 hPne Bt iR Ghrich Fb RRVIEE TO0" o0 e EHTEEtRametEhiTe 5 4 B xed i n
a slurry afigh dse@vénsdreadwdén thbenditex @As2MRBSAIME c@l@ RBrunk), is applied to the

glass blank B. In addition, in the first through the third embodiments of the present

-y

invention, pressing is performed without contacting the molten glass material to the inner
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b) Aresin polisher is used instead of the dianond sheet 410. [0099] As the
| oose grains used for the first polishing, for exanple, fine particles of
ceriumoxide (grain size: dianeter of about 1-2 p.m which are mxed in the
slurry are used. [0100] After the first polishing, the glass blank B is
chemically strengthened. As a 25 chemical strengthening liquid, for

exanpl e, surmoixdng hirfpo¢ df e spoenetiharmelit r Bheref¢B089 lagaldsteed ivdmmhniotldaltee (40%)
ks used. 1R .LNG GNENLeAl, ShICALRSNAG.h NEnoRETheRLL RLnERgASAL RS W aui d

i s heat ed®T6 & t enpelatur e for exanple, in a range of fro degrees in
Cel si us t spaddOvadegsietSs appliclosthelglasaisiehid Re Tsdfed, glthsise it dkvilesiof the

preheated to a tenperature, for exanple, in a range of from 200 degrees in
Cel si us t@r%é@"%ég‘g%é@rdi ﬁn@érr%?nag?t BFesivt 1 eRtingy ?%11@-%%5%5% géa%k@ak Pn the

chem cal  gih&RahhaBlensest | WMEH S8 bS BRHALEd by 4 ¥MEYS dedcRbedeNdIRirBssesMs t hi s
soaking, in order to chemcally strengthen the both of the whole main

surfaces oftainete g additign, ekergek, jwhighscquid be amireded hatthe pove slgkdried fagal

per f or med_] condi.ti thegpl urality of glass blanks B are stored
in a hol dsét#efgseg’olgfﬁg{autdﬁgg/h\éﬁa&?arggguppo'rted at their end surfaces. [0101]In

t hi s mann@083whédturthére “tyt abmeblobtie Bnesswwakdidg swridchef chemobthin terabngt heni ng

liquid, liithiumions and s dshl%mlons surface | ayers o %Sv%thbl ank B

.on he . gl
are repl aéeéaﬂwt“ HEBY T TICT oS & np%}flgté 8P G oE, S SR &5%%ng’earnat I'vely
| ar ge1d onwhallithe glals blagk GheMich datisties aRgtdigsniMichebd aUthd, gliss SqaBGtateV Rk Yhe
t hereby strengt hening the gl ass blank B. Then, the glass 5blank B is
washed. FBREREAMHIeSan et BFOTWASheRFY h FOUISKHRRIS Shgtraoe icliine a5 gy th
pure wat efempeffir, iaSRRTMPY FeRine OB el ght Bli&ss tHaBbP 2JuNEHttensDr S8 CRYedRirfadd)i NG i S

perfornmed to the glass blank B, which has been chemically strengthened and
suf fi ci enfdrywhigls bélerma defarmitierepiothe dndlé duries seedredansiod slytikags ¢fsthe fisss
exanpl e, g}é j,e¢t i . - D@l 4. shi i.S. @ . m.rroer-polish
the main %16%\%” acg.o & °§a?%r%a¥§lrlg%§%?§%é§§9{]ﬁé gjed\le/(?gle;ﬂgg S fi ﬁletﬂa@éfi rst

pol i sh$ ng[0084)us dferfinaftct,ipeocsssentodbpdd ths hiagoetic Tilsk ffool the giaschlinkos poilaiicd. ar e

IEE T RPN W I T I T W
pol i sher iBa ghid éiffedtta desired dimension. Further, the magnetic disk is required to have a hole,
to which a spindle for spinning the magnetic disk is aﬁached. The hole is concentric to the
outer circumference of the glass blank B, after shaping 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 pm, 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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[0103] As the | oose gains used for the second polishing, for exanple, fine
particles of 15colloidal silica (grain size: diameter of about 0.1 1.1nm
which are mxed in the slurry are used. [0104] Next, the glass blank Bis
washed., A neutral detergent, pure water, and |IPA are used for washing. Wth
t he second. polishing, a glass substrate for a magnetic di sk, such that a

f | at ness dfth¢ inpemmirmousding acface Horlpessfarmang e ghspEhnkt B idlset m badssthaf ace

roughness of. its main surface has.a surface unevenness of |es han or
el ERRERRIE R S A ke R e R
form ng | aywidinens BB saFacd daghedsi 6f thaYi@fer sGRoinBReHuass SUDStHEE &nd Ghe t he
magneti c di sk, which has been forned in the above processes. Specifically,
for “exanplUEcamuahies Erite lagrdtanksd arsrubsiangisly peual- ayldis. the sofrarAuehnsss

under | Ay ege i@ eelel | GAL bIEREBELI o liREPIMb Bsd AUEr efhaPlcOf 3&*‘-' ﬁaeﬁeﬁ%g%e and a
| ubricating |ayer are sequenti ally lam nated. For the adhérent [ayer, for
exanpl e. eutt@zg lales ary shesessbaly. forfiied txdhgdrtbeiscribinger 25 functions as a | ayer
adheri ng he ss..substrat.e. -Far th of t net.ic l.ayer, for exanple,
2oy BPRH0C EGIHHOEOIEEe (e bl Sl R By Per R IR
granul ar processigg étdciet ayenfetisg (hedferikgroftthe owter tiraalferamogneili and rtee ameli Ng

| ayer, for._ex | e, granul ar netic lLayer is used. Additionally, for
the prot _e%%{‘iuwgeqp%ﬁé@ a&ﬁgf:;é’r ?hﬁrﬁ?%gﬁés Pﬁ‘%ﬁ%‘ﬁ‘i 6’_(,13? PO GrsUpEEdee S‘%]IoOffﬂber t he
| ubricat i Ag-saYar gladsoBlakXBrERl € thd fhhdtQidcHRTFSOIE 88 bk MoleS wiheddiadBnd 0106]
To expl ain the above |ayers using a nore specific exanple, the follow ng

| ayers ar‘é‘hﬁgﬁ‘?fenti ally formed on both of the main surfaces of the gl ass
substr at egggang N, FinkiinB s SRHHES {oNle BR¥ shiked AAsEH i {J T, a
soft magn[et_i c] | ayer “ofn 1Cf’)Ta% al u/ CoTanr, °§ %nﬁéne?ﬁ%&%‘%ﬁ% a%%sr%\%gneti C
under | ayegraimf. Gh@iShoemoeddhyagrindmg withythetfixed kbrggive grhins Go @RixaB8p@2abbu02, and
a protectj eroRf _hydrocarbon. .. Additienal Ly . at the_ t nmost l.ayer of
the for neécfggr%/%%{ s.log a fnl]b% %%ﬁf%d) gﬁée%t%éf )ﬁeéjrafb}[dﬁgfr (%f)a.ubsl l§iefo i Le’ ?bé’¥ ﬁed
with the th pmmeFigod(a) [sQiOVerHlrietverf a giinding ldevitec4ll0 t6 pérgormt diidingg PieofBES i S

perf or med, bet wee he first polishing 5.pjocess d the second polishing
process. Pﬁ%\%@rf{g“ﬁﬂéﬁ%lflaéfa fr 15 g‘égi)g%‘g‘g%gs‘geéf‘cﬁr%@o'not limted to this
order. Thposgcong Pevh $hFiRgs @), @rasmdmiAelide beo REiQaNBIerdd:le pidid ol hd St

pol i shing process, but the chem cal strengthening process can be arranged
appr opr i atipeyfixgagtate dGivep eterH @efs cemigrPigliemidsbes b esyn een4be

per f or med,@ihtela BER 1494 M RhalndPs HE G RRk 21H NGmP LRSS 8 %ﬁde?%tthetﬂe
process order 1). However, in the process order 1,7 a surface 0

unevedhes §xedsibrasive gzainstfer whiclk ths dibgrond gheaehél(clhesedcal st rengt heni ng process,
is not re d. dhus, .th rder in whi.ch the.chem.cal strengthenin rocess
i s perfor [@gﬁbetf\%‘/ge%wfcﬁeﬁp iot}agta E)O(ﬂ%lg‘é a:“%rb S‘pl)crhoté%ts{s%ealﬁtﬁmtaiéeage%%nlﬁ pbrbcg?ghi ng
process i betwemethpli@f@rfabl elatd AP0BINex tipped fixedrplai 404oNTkd intdieal ge@s®oht ank B

according.to the first through the third enbodi nents.of the present

Mvent i onfie 5 e Pl sk e Bt e B RASE SR BBy BB 5 1 or
an i nf or mas 28 sippeAtdinfige BEME MRmA U A8, & ¥8gBELHIE 0Hoflte andasy e Mical
durability, a high rigidity, and a high coefficient of thermal expansion,

and that tHEeERESS shavank fee- &ah. Bee erers ¢AF rie sepaisgt hBirediamentl fags 41Gi gh
thermal rgsi,3haBEe a AP UdclcetRenchRGR ?ﬁ{e Qﬂr%ﬁlt& [ %(,pﬁgeshg cegclﬁ@f%@eﬁnk B

is low, surface roughness arises when the surface o ass K Bis
pr ocessedplaie 4hgherdctivehd the fl atness of the glass blank B 20 is degraded.

In additi th : sphilities that 0 nt, .such .as. an
al kal i cowggﬂent%,ru?%fgré% %’?”gtugglsgb%@k’ﬁep hérﬁﬁt é)gélr% art(:121 ﬂgpg%satr? 5‘?’3?93%1’5( he
magnet i ¢ bidyen afcocumefdreace thieh Ssurchameicob thhearserOBr aTle glsssdbemged.pldc6d 10] | n

additjon,.sin t i nformation. recardjng dium.s.rotated at a high
peedt 011 mtpefiste i gl spoREd Sk SiRart e PO PETadine HOUSR0 FILH1EW hat
def | ect i okurfaSesOFNES Ab@hi¥ Bcsedt with Wigadiamond 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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25force. Therefore, it is expected that the glass blank B has a high
rigidity, nanely, its Young's nodulus or specific elastic nodulus is high.
-[0111] Further, in order to allow the information recording nediumto be
rotary driven, a spindle is attached at the hole fornmed at the center of
the information recording nedium In general, a stainless steel is a main
mat eri al apfowt diec8@i madhefigwbe whilh eonggsiinglihe pairdf maen sus@cds of trergss blank Beor di ng
medi um are..rotary drjven b to t he.spi,pdl e and .t i.nformati g

recor di ngmﬁ}je%l’eu‘riﬁng’ %A ﬁ%eg{se%l(gf g‘gl ﬂtreae cgaénneergé'p gde‘@;’f;vef H%Qﬁrﬁ) or. er%?cﬁ“ﬂ%%s tine,
i f a coefditecti@nith®kinklReioimldadXiet sinow directibe in niieo fipwt), Grhile eoaritg mg theedi um
is too small with respect to that, of the spindle, .then there are sone

possi bi | | {P&¥ieriteciey ghy br%‘efagmdi UEPY GITEHIED RtRT ﬁﬁ‘frF)()nRﬁ‘lgbgﬂlstzlit}i‘Fgma‘r?edi um
by a tdheriBhesbf 82 $1dsObibEB SRAWHIEresRBto h B ERsABMEQN4 105 tHaRBE hat@fidn t he
information recording nmedium [0112]Further, in order to prevent brittle

fracture,grndings required that the information recording mediumis
chem cal | r engt jed ep |t i i j . : e,
ol a5 mat BT 7 ABRRCp MBCRal. By JBUE, 86 Bk el Bkl 06y SRR, | e
chemi cal | sookir €i8gh hienediainea il tp,the tppesiirmqdas 404/ withapunhd2@laad sollzcargk s

i ncl ude Lj el or el egent s. 13 urther, with a densi rom h
of 1 he oS iaR g &S DG 1ofeE FRal e WO Stliehihibd Slo i shlafetRy) Ml 0o oy
an out@r €stihe LdN@e418TR renovifle e ghgepartitled frodubed earingofinaing fRGNghiddied | on by
the outer djsturbance, as nuch as possible. it is preferable to hanpce a
Ku 10 va?‘iﬁ@c%y“’b‘?f‘o%’é%@}“ﬁd‘ei“r?é“‘%‘@‘ﬁ@( E&ﬁ%@d Gplingiac _ﬁ%ﬁ@%ﬁfé&ffeelca R

hi gh t enpgealadl Slantt B, | Sp&XRANY, Sfheh Mgt ddvite 4bagsuled Bk icabiant\WB Clie lieviea t he

gl ass bl ank B have high thermal resistances, so as not to generate a

def or mat i t09 Bkera ther eaofant &1 rvithhibe diltas 22 proyided tie tifeolowen Exefnplatet 402, aadkk
even if t?&uxﬁhl@é?ﬁﬁ%%%&ipﬁrtfcﬁ:s letﬁgtﬁﬁégg at a high tenperature. [0114]1t is
0

preferabl e that the co rtion o e glass blank B, which has chem cal
15durabi | [0094] a Hxirgiwhren ghediotghnessnd tize swrfgée oeetriiesi cfittie géss blaak nalessethpansi on,

SN R e R e T T
nol e per cpdifor@egrinding. | Medrtfdes in Dfliet @ pE¥6rof griid, with tie Lo dfasle208ns 205 to
570, B0, SHEVERCRS Adice TDEREO (1 FBFATTOBT e L TAIS PoNOE
Taz0s, Nbglg@-sh_ﬁﬂgg IOk @ 0149 bk iy Edjhedd tolHe REAGT thiOor dEREIQY B.(RAEH NBRASHOT
rnst 9 Og aroughlzelssngf tﬁ\gse,}ur;falcé urlle%er?nlegsaorf ’thel sthal';e% 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 sufrounding 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
25  roughness of the inner surrounding surface of the mold is set to be within the range of from
0.01 pm 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
30  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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preferable to add 0.1 - 3.5 outer percentage by mass of Sn-oxide and
Ce-oxide, intotal. In 25 this case, a mass ratio of a contained anount of
-Sn-oxide with respect to a total contained anmount of Sn-oxide and Ce-oxi de
(mass of Sn-oxide/ (nmass of Sn-oxide + mass of Ce-oxide)) is 0.01 - 0.099.
Herei nafter, contained anbunts and total contained anmounts of gl ass

el enent s 4l0e Hmpem,smbt}ien fmaﬂaabrqsezlecgmhagmlu@rxg:elmﬂndnﬂcﬁaaaﬂ:edeaot&eemddse.

However, contained. .a XI de Ce- e.are xpr in mass
per cont agESeadCp TG ARToN et 41 Gr TOF Bl ST o b PACUTRAHOMR, | and
it is an @&saﬂltﬂnglls 9&%@& WiV @Glraﬂift\f 8£ Hfmofd ipARicRY ewitialiel dotpinell gl Ass,

chem cal durability, and, especially; acid resistance. The above effects

are not si§fifideg %‘ﬁ?qdynéﬁﬁ%ﬁtﬁglshaﬁ’etaﬁéheéB‘ﬁti&Prﬁ@He gisnt of SiO is less than

50% I t@@mo“%%!epﬁg &E@MOtbv%gﬁ%iﬁab?e’ﬁs@e &rQl%E‘ éﬁ@%&%' pathisehshanees arise
in the glass, or viscosity of the glass at time when 1t 1s clear

becones tbi@nkhlthS aerformedns etfu et kyd suﬁeceeaslusrhegs aof end rgifay Betdomemer

i nsuffici [ t he a nount f Si 02, i s pref
et o Bt OgE SlaB by o R SRALELARE o ABPURm bt Yl ae BREESRARIWI D 2 |
it has efbredt wlislong. npxtobie tigleas dulby, sthadhi ih¢ltdes fimb eamtickl oficeriatni dxlde)as leopel at

t he same tine, as, an effect _oinc eas han
Chem oo SETErgthEh By FUOKIERBPIES O 1E Ao sHAe e o PEBE Al D85 e xceeds

15% 1dencdi@iniihdten REHHhRR ARAGESs dheting td)haBmabs of 8 GEAURGhroa gl péHiihs3ahy ed
substances tend to _be arisen. Additionally, the coefficient of t her mal

expansi on¢lds ﬁé@rpahﬂwgaﬁ%?upﬁ@e\@éaf?glpgatfﬁ?oﬂf|aaéori whigh ARESFAUSFIPE FETABIB; t he

cont ai nedgaRQURief o rﬁ‘ogags’%mhscalﬂ%@%%f@lgé&{ in arange of 0 10to 15%
[0118] Li 30, Na20, and K20 have effects to inprove the nelting performance

and nol dabiopslt y Nekt, taHiafstQJIOhsksm’ Adﬁrfpmdainl the rrtahegx{rfaa&/ef flm g‘élﬁdeé@laS& blafincr ease
the coeff| BCI g%ld frerglhge&% Shsl?lgo 1sI ffo %xgmnlbaﬁ E evera %fO I} 39\.11 Na. 20,
han~ 0) PHe i Hot

and K20 i s | ess Ve desScr At are
suf f i T3 enbdbjyctiobbiiha diekt pbrﬁshtﬂges eoRinal 6@ cerab it a éxforedisn,3aich &6 renkiiing

chem cal durabil.it and es aI I o 5| stance are degra and
Chermm sPhBEmEY et foe GRALer Fendfe P Ehe CRiareronariS: | Agredevics
transiti ogs thegRediad w\@cewom@@foedleaﬂmin@athE mRkd bRedivd ARGS s SedRGhaded.
Therefore, the contained anmpunt of Li.20, Na20, and K20 is pref erably in a

range of Brst @olshme. Fipg FlloWingaegtHo differeRgesheruisr te Zigvice jusqy fendhe At

| ar gest ef,&gﬁitn 404 hg\ﬁﬁﬁdﬁ%]@evggea@g transition tenperature. 20[0119] MO, CaO
Sr0, BaQ " and nO have effects to inprove the nelting performance,

ol dad? | i By, Lenselztaiie whishrige mlmdm dupfreies igsteasisof tyxcfitie iabmeivd grainehey have
effects tg) | ASLEARRADS, KOPRIE] She BlnbhenBly fxpansi on and the Young' s

nodul us. con al ned anoun MO, CaQ, Sr0, BaO and
Zn0O excee{®IFS %A thelookegrhianhsed forabe fitst yol&hﬂgtf@&e)tah@ﬂenﬁhe pdraddés| dfeyrivad  t he

glass are d aded Ther ef or t cont ai ned _anmpunt of 25 MgO CaQ,
0 B0, RS 7 s PRatoy [ e gD o S GRS 21 03 Tr o
La203, Y2@A00]Ta20fr thb26S, paisingll B2 dgmyam&&fBcl’rsschre@udanprsay@gtﬁeh&i chan cal

durability, and especially, the acid resistance, an effect to | mprove t he

ther ngd r 8a§usah SEenegipning digHi. doTeexgmales a pnizees gy of petepwaniire, (4% 284 f ect s

to increag&ldfinded @5 ookl Usy and ARGk %@nﬁwgnn%schelﬂ@ee@y@émh%ﬁma total
cont ai ned anount of Zr02, 30 Y203, Ta, 05, NbZ05, and Hf 02 exceeds 15% then

the nelti figuipey lﬁqareﬁm@éeroper@th@, @F@SS‘UPIS, la@grraaﬁfe@if frem @00 dedrssson eliiwgliass
Zroz, i o8 s B\l 88 e TRESEALE ety pRheSET L B AR b o
0 to 15% example, in a range of from 200 degrees in Celsius to 300 degrees in Celslus, 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 of the glass
blank B, it is preferable 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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[0121] Fi ve enbodi ments of the glass materials satisfying the above

descri bed conditions are explained. [0122] A first enbodi nent is enphasi zing
-ef ficiency of the chem cal strengthening. The following is a conposition of
a glass material of this enbodinment: 5a contained amount of Si02: 60 to
75% a contai ned amount of Al 203:- 3 to 12 % a total contained anount of

Li 20, Na2[0101dnd K i@ n28ndrowB& e @ask dlak B onsakakh teohohicalf stvgGhenGal,  Sr 0,

d d t f Zr02, Ti 02,
Das0a v B Jitidn 30t g setivmgonsen SrhEBres sl b e e G A AR Bt

enbodi mendodiusn estishadi goritgiuinhons, hﬁﬁbb}&iavéil#élatblelyl tayge ioheratif) {n0We Ndheinteal
conposition of a glass material of this enbodinent: a contained anount of

Si 02: 60 it@n%%m%h%ﬁtfaﬁpﬁ%ta’ebzrrﬁlﬁﬁioy 6Fe%lﬂ?e@g the @6551%&%3 15Ehepoihgelass

cont ai nedpig0BNG wAkhdd 3 HazBle, aRE Wasked lv'éthtsfalf%% 6id 3t H&&Qéhe&%h%&ed
anount of MgO, CaQ, Sr0, BaO and ZnO 1 to 6% a total contained

amount of wWaeQRA Cﬁo@@pvlLaé@(bgl) ¥R03, Y13203, Ta205, Nb205 and Hf 02 1 to 9%
(05241 s oroge, T $oBTRAES, St o 1) B0 000 o
Si 02: 50 themi@dy saengdrehai addufivbndy wafhel 2A3vidth o8 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.
¢) 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 pm) 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 um 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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a total contained amobunt of Li30 Na20O, and K20: 12 to 22% a total

cont ai ned anount of MgO CaOQ, Sr0, BaO and ZnO 10 to 20% 25a total

-cont ai ned amount of Zr02, Ti 02, La203, Y203, Yb203, Ta205, Nb205, and Hf 02:
3 to 10% [0125] A fourth enbodi nent is enphasizing a high thernal '
resi stance. The following is a conposition of a glass naterial of this
enbodi menteCrit-8ihtlaPnadd anpratsetingf lagerodf: hBipoaworoopdditpalip mt dhtéap waBunt of

Al,03: 1 to 109 0 I o ' . . .0
(here, Li lﬁﬁr%g {%CO%I%%?% ﬁgerg ’o{]éll%%gﬁt‘ gﬁ%ﬁﬁ% 3%@5&3? 5"’??"'“%3&0 fo@%? %g%%hééxgé’ and
ZnO 10 tmetR6d a total contained anpbunt of Zr02, Ti O, La203, Y103, Yb203,
Ta205, Nb20 and  HO7: 1 .to 12% [0126]A fifth e di t Tphasi zi
T LoiRn * Haupd B inemicef sienetheting bess feHOBGRRAMEPERE 5t PRl

expansy oNprodde ah@keOtdid dodisiing BroRes! t HOWewt, tRe Bldas 8f tBihrbadssefard RbtS
enbodi nent: 5a contai ned anount of Si02: 50 to 75% a contained anmpunt of
AL, 03: 0 kmitghgo thiy 6tdst JOALETNEPOURBIN PSP oYd Maparmethdie, F 35t o 15 %
(rer e, 1 &bl Uk abcouiaeg i M i, fo and
Y1, 203, Tex20®le, Me2d8micahsireh@hedfi@P progess gai®dg 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, has 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 order 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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[0127] The first and the second nold used in the press devices of the first
through the third enbodi nents are nolds which are nade of a heat-resisting
-all oy, and their upper tenperature limt is about 1250 dep.-sees in

Cel sius. For manufacturing a nolded glass product, it is necessary to
quench a nolten glass. Thus, when shapi n% of the glass blank Bis

per f or nedmegiumsyerBamat sirees Bithe spindie prda dgformaiopyt ganprated op ity infasmpiéatf or mi ng

pressing isS,S&k e close to the upper tenperature limt, nanely, about
1250 degr ee%ﬁ?lﬁn%g}u?fus. [0128] The gl ass materials used in the press

devi ces of01i2le fRurth¢r, ithooleglo pheverthbritde drabock, neist sqeired et thet inftrmifiort hei r
viscosities at a tine.of shapi anel about. 1250. degrees i | si us)
exceed 2otabrs i isgheBaR HtprREHR, Yoo Bt MR LR d AR s o a

20 dess r egdlass B@tcfiols, awkicRr foai thé RIAKBEAB) afel feqhifedNRC BS SBJeYtol Be RBKRicAlPr €SS
pressure extrene | arge, or to elongate tine for pressing). Therefore, the

|
vi scosi ti &&n ertqqgnag}eg}gg IgRfeesiny that BF elapthlanie supdgdd Flewents %%r erlemgas.ar e

preferabl yp1h§ss duhadt Rith aUealityt Qo0 HPhagetic Idiskl § (BN RFSEhalheod hat
the viscosities of the glass materials at about 1250 degrees in Celsius are

| ess t hanc®r begaaly thenggsoy @prutes disgpaiceg] @ aviid dranges ihathel difegtianhef

Vi scosity he. gl - i hapi C han 20
B L R P R e R R e S M
Vi scosd t y valge bp@rdcessing Tthe nefmatie, layer of shepmegreriakiise 4t haligh kenperassasilt ys of t he

glass material .at about 1250 degrees | | si.us i reater than. or equal to
S0 apa s e B B 8l SREPULFERF R Praion WP Fooret ey BSsPheter s al
at about 12bDnddegs@esid NddahBiitis ol Sirgih@albethd NN ststredYa thé Madei dka  S.
[0130] Tabl e 1 _bel ow shows an exanpl e_of the conposition, viscosity at 1250
degrees i Y] &F §85° BOTTRHUP BOESELAOBPED (FRHWE a gl ass transition
tenper at uf@19f RGN pREerdE 1t ARScIMoBKibARIS 1R ofaflerBRORE WAESCHAs ReEmidal St
through fifth enbodi nents. ‘As shown in Table I, the viscosities of the
gl assipmt ériability, efhigthagiflity, sand tehhigh gheffivientt 4ff thermahixmhsiemtasd ayhechwianhba a
range of it O2n fihed Sma L ST A S LOLRRLL L 61 RAHOLET - Rl 7S
bl ank manufactured wr he gl ass ank nmanuf acturi ng,
standard oxidation products and expressed in mole percentages, it includes,
50 to 75% of Si0,,
0 to 15% of Al;Os,
20  5to 35%, in total, of Li,0O, Na0O, and K5O,
0 to 35%, in total, of MgO, Ca0, SrO, BaO, and ZnO, and
0 to 15%, in total, of ZrO,, TiO,, La;0a, Y03, TayOs, 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 respect to a total contained
amount of Sn-oxide and Ce-oxide (mass of Sn-oxide/(mass of Sn-oxide + mass of Ce-oxide))
is 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 expressed 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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5 apparatus of the enbodi nent of the present invention explained above (a
first exanple) and the glass blank manufactured with a gl ass bl ank

-manuf acturing apparatus with a conventional configuration (a first
conparative exanple) are explained. [0133] (Exanple) The glass blank B.
which is used as the glass substrate for the magnetic di sk and which has a
di amet er ¢ gFEs.non aeebsity hitlk glesss atothe Ginge mwien iifs ispeloatuleasomes tpsi Inigh tahé gl ass
bl ank man in of- t fi enbaodi nent
o "the. pr Sodihld . BREAA b betadnbanciind Sheftlort M e PRRY e
gl ass rratﬁrsleiSpaafﬁabjx ﬁpaafaﬂgbddoam.’a% obtain the conposition of the first

enbodinen in Tahl e and e red 0 SS | tjng furnace. Then,

the gl ass Ollriaﬁer :13 % Z?’t"‘é‘fa to 49rgy | hF’ gif’ds ngf Bﬂ?l %eﬁtgdo AV OB ned

ol t ers gl agslidy; Sch@ﬂnﬁﬁh@lfrﬁlﬁﬁlty,f £t tesahiel tin@) itHaa 88 et |t@tncge$§]e ok @ERLRN at ur e

of the nolten glass material LG dischar ed fromthe nolten gl ass outl et 111
is 1300 d@tps aesnjchenmsplsyirgnetheping igtrerfpimedt | Hea canppanad; aeayat o8/AbPs exreedie

mol ten ol asg B bkl gﬁogl%cep&'tﬁ@alaéqgaéar%al Anﬁ’unhﬁgfg%fggbgiﬁ%esqgn& fe first

and secon he press units 120, 1 are controlled
t o be ar oemarist®0 @I@gmgeléy,lthe Cedfflsdiens of fi@188] ckhansiv| i einzrgcﬂedsesxdnm ¥ouragls LG

di scharged fr.om the | t S 111 b cuttl t 160,
and the g%ﬁd]'&]f d?gﬁ Jrgdlg}rl% 8?%% Coxi)gm% Ourrrln?fl[gl lrs?érrse en} he g(z)“t“)g%l(gblGG is
pressed by 5ke press unit with a | oad of 3000 kgf, until its tenperature
becones | t ha e glass transition te eratueof t he Iten | ass
mat eri al ﬁ’wﬁ%ut qa'}-é Tgﬁ;ﬁdsafa Iﬁé?hébi, BT h g TP g adRCl e AR ‘Ema@en%rdarly
the gl assmbldabike & @e s 00AECRELHdEY, NBeyt A eHnASHERS tdaictdask the BEBbieNEof
conposi tions of the second through fifth enbodinents in Table 1, with

sim | ar nierpdsxmasiohe Ihecomeinefeaerunbeldiz® Va0, oy MB6]¢sFihes d%Chhepaiat i ve
Exanpl e) JhSe qlcg@ﬁﬁedbéﬂ%% R r@tm&ae&wﬁ%@d Offtlzgcdmll?e'admﬂ)uﬁtmx &pess,0f 0.9

mmis formed using a gl ass manuf act uri ng apparatus 901 having a
convelﬁi oﬁnah clpomial gulrahlﬂlt\oand sshemailyi an:ldzreglsta@ce a&)dze:glrstde¢aﬂlnﬁy1;enas sghidwynof n Fi g.
9(a), n ass teri I SC edfro herm utlet 911
s eut i P e eRR R e B SR e SR R P Shes 961
and 25 96sisanct & dedoaded i S"héreﬁ‘omadhe 'Ebﬂalg&b afdounts o W, MNAO| ane K mold 921
pl aced bel ow the nolten Iass 11. Ad t| ally, err,p rature and
vi scosi t yPSeEome T I fazetes fmer #m s RiOadid Reto “TRS s 1 r ot
exanpl e. [Bdedi/drfdertd 1owehﬁ1elgmé§&ar{mioeltéi@pkrdt&ermved bel ow an unper ol d 922
(Fig. 9(bi&1 At this tine, enperature of the upper nold is controlled to
be abdtt HA0ldedXe@sCity Skl §a©sandaﬁra@ kavg gifedsisamprare dbohelfingp¢riwammagol d i s
cont ol | egholdlne, AU A30ndCURERSIE B! HUS A u 22 is
descended O‘% i ﬁe T |I§gpresseS S glge‘%%sve'ilen tcﬂg&&g gt(rﬁe\ BF‘? Sg%ltsgﬁog t he

| ower nol dlcgzas_ethptdiﬁfﬁicwmaﬁtlmﬁnﬂ@@phnklgﬁ aﬁd)ﬁlearbongsaoaulsecd{tdve@ﬁi'xjat@t(ab)) As

the gob GG is Dpresse etwee 22, t he 921,
the gob Gt EnRLERARof Dl AR M0 BREL Ty edi £ R8s PG M TR |

f or med. Thl&h'r,heﬂhﬁnalpmﬂlty‘mf ttle QRS drs désﬁ:ld%&d Tlendoriehthe kaaseontambdarRaiht bS m)ved
SO0 as_to from Iowtheu 922. Next, after naturally
cool i Ay tg(ggog%ggsg gﬁ? %’df%gléparé?f WéH"‘b@PgedHc%d?’P(" . the glass blank is
t aken out [fizem oot heid,one0;Melel, 925, Mgt AN HOY haldeffRE 6 afpRANALHhY e
exarrpl e 1, five St%ves of gI ass blanks B are produced fromthe gl ass

mat er i al schsmieal \dar P sandf eseesidlon £t asidoesisiacd japstffech oo tehie fthermal
enmbodi ”en}eéls{aﬂce-rgpln%m:k the! gﬂsg q{a.lnéﬁu@r? tetn{b%r_aftdrg,séndeml 8- increase the Young’s

modulus and fracture toughness. However, if a total contained amount of ZrO,, TiO,, La>0s,

30 Y,0;, TayOs, Nb2Os, and HfO, exceeds 15%, then the meiting performance of the glass is
degraded, and undissolved glass materials remain in the glass. Therefore, the total contained
amount of ZrOs, TiO,, 12,03, Y203, TaxOs, Nb2Os, and HfO; is preferably in a range of 0 to
15%.
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’[0138] (Conpari son Between First Exanple and First Conparative Exanple) The
shapes of the glass blanks B manufactured in the above descri bed procedures
-are measured using a three-di nensional neasuring instrument and a mcro
meter. Results of 10 neasurenents are shown in Table 2. [0139] Table 2

First Exanple First Conparative Exanpl e Roundness fol erance of the gl ass

bl anks 10M02Hm Fd@& qumhoBinantsesfshoglassheaterlias satiblymghise SoparBescpbedBoaditdons

t hi ckness_devi,ati on of the glass blanks 3 pm 15 pm [0140] As shown in Table
2, the flarteﬁé%%m%“ﬁd the board thickness of each of the glass bl anks B

manuf act upeadzjwi tArfisshemeddasent i efifhakBing eoiddty o0theleNdnted s@éngtiginki I Be
exanpl e are significantly spaller than %hat of the first conparative
exanpl e. [AlOFIE 12 CQMRPSHSE by 2iptdpataryl pf this cgbadimeny anks B as gl ass

substrates for nBRgRGINEE adbsSr &08: @bbakned w t hout perform ng surface
grinding, such as a wap process. On the other hand, the roundness

tol erance of the qgrasd pnewkst 8164 3thé2f4.rst exanple is greater than the
oundness, ol o 3168 Ayt SRS DLEDKR R gl ciqosly ek, comparative exermle
device is cut ta thel enthek ambug of Mg®, CaOcH®, BaOhndZdDamet €6, of 65 nmm
a total contained amount of ZrO:, TiO,, Lax0s, Y»20;5, YboOs, Ta,0s, Nb»Os, and
10  HfO,: 0to 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 Si0O,: 60 to 75%,
a contained amount of Al,Os: 1 to 15 %,
15 a total contained amount of Li»O, Na,O, and K»>O: 15 to 25 %,
a total contained amount of MgO, CaQ, SrO, BaO and ZnO: 1 to 6%,
a total contained amount of ZrQ,, TiO,, Lax0s, Y205, Yb-0s, Ta;Os, Nb.Os, and
HfO;: 1 to 9%.
[0124] A third embodiment is emphasizing high rigidity. The following is a composition
20  of a glass material of this embodiment:
a contained amount of Si0;: 50 to 70%,
a contained amount of Al,Os: 1 to 8%,
a total contained amount of Li»O, Na,O, and K,0: 12 to 22%,
a total contained amount of MgO, CaO, SrO, BaO and ZnO: 10 to 20%,
25 a total contained amount of ZrO,, TiO,, Lay0s, Y-0;, Yb,0;, TaxOs, 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 S10a: 50 to 70%,
30 a contained amount of Al,Os: 1 to 10%,
a total contained amount of Li,O, Na;O, and K,O: 5 t0 17 % (here, Li;O: 0 to 1%),
a total contained amount of MgQO, CaQO, SrO, BaO and ZnO: 10 to 25%,
a total contained amount of ZrO,, TiO,, La>0s, Y20s, YboOa, TaOs, Nb,Os, and
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20 Thus, the roundness tol erance of about 1000 1..Lm does not give any

i nfl uence on a performance as the glass substrate for the nagnetic disk.
-When the gl ass substrates for the magnetic di sk are nmanufactured by
applying grinding processes and polishing processes using the dianond
sheets to the gl ass bl anks manufactured in the first exanple, w thout

per f or m ngf@: War R%r ocess, the flatness is less than or equal to 4 ppm On

the ot her_ hand, the gl ass 25substrates for the magnetjc. djisk are

rnuf act 8 Iby ABER SRG NGy SrOREUSES M AL P Bt e Sb SIS BT S hi ng
processescdegidigt bh@ediAeRndsisheeths HiowiheisH awspobitianksa bRRUhaskdlLeehid N t he
first conparative exanple, the flatness can be nmade | ess than or equal to 4

However, Sheadimens gl ass substrates for the magnetic di sk are manufactured
by omifting the W.aRi REAEsSsEEscN) 8PByi ng the grinding processes and

pol i shgf ng pr ocesses ﬁs?nggﬁe 1gi%larmtnd sheets to the gl ass bl anks

manuf act ur ed i n atdostained siowywpah@t:i0te Sexanpl e. the fl atness cannot be nmade
| ess than or equal,to 4.1Q0141 cany ive le). Rurther, in the
gl ass bl ank rranuafatgt@t%ofllt“{g]eggﬁlﬁlér%t(é)? gg@sg%ﬁg?tgﬁékgéﬁbootailgﬁ s?reo%“zg hégop{r%/é%ent 5

i nvention, only auboab&nsiidel amesnt oM gth) CaOe S Bagcms Zaont aot3sws,t h t he gob at

a time of pressin and the space e for op, the tj urroundi ng
surfaces of the af‘i%faéf"%flﬁi ) ﬁéZE : gh(gz’ E‘é&& Q@é%s@é&)gﬁ{%@’ h@ﬁ B> aﬁ‘?
conf i gyir atyiron 26ae,be considered in which annular protruding portions are
formed on the inner surfaces of the first and the second nold, so that

shapi ng of012Re othedirstend tgrrpenes mold wEe i B Rrepgdyfces pighe Brsetheengh e Biadi | v
per f or Mede, Qi mEX QMR 1dSHREh 8% midde Br £ Q0% G4UHAL LIRAY, NG, [Fhe) ARARAAR, Pat ent
No. 43803%1191. Name y, two palbt}s (1)1}1a goncenttrri&c 1a}ému ar pro{r%}’lng portleons
are formetdmgnissholt B¥50tdegreenmefelsive.r diondhanglasmrihgeenoldéd hues piodsdt, d@nd t he
second nol ds. t he bl ank fornmed-wth,such nol nnul ar, grooves are
Formed by tRsregraerest agnlst Bebhe M dust fieTErbds B el BRERST ) cu
at postti enpenturt bLthg hadee glasd HAtédl pHom@ et formhifig ptisassis3kan e rbnel toaté ur i ng
appar atuses of the enhodi ments hav%@n 15 advantage in which the thickness
and the fP%Reﬁéegg’effF“r‘f Bitghamesy, _E)ti’%‘ﬁ o é%?%és‘ﬁccggﬁ‘. dtely controlled in

conpari sop1asf h tihe sARNwaashir g aPRarRidsddidel drhle ahav aurslRsCihk b@dd
configuration. [014§] The tgl ass bl ank manufacturing apparatus with the above
descr i bed “@BHMGUF ££9 sithafiet | htikecordithfact iped whttmng Mamehh 483 biZahk
manuf act ugk Nges3PPAIAL S dS 08P %,Q%e@rﬁe@di?f?uﬁ‘%&%—?e HOTRAL AhlMBs QP! €.
Fig. 10(a) is a front  viewin ich a nold of the glass ank manufacturing
appar af us defired hige hagone apd fipcknass) (reis asapsehetoimakp p pfescpresbuferestremely lange r
surroundi ng, surface.side, an [ dind $:. 80 A Acgross-sectional . view of
P15 *10¢ ap S HOMREC Ut S BBieLe SpodRhind i@ O el RERGREE s
second nolidsthdvgedshia Gélsies atvapeferdbiy e thant sreeqlhnss 2000adRka ranuftaie trhidre Ng
apparatus of the second conparative exanple is the 25 same the glass

D Bk ranrAETF G R B A BeE et e bR 30 et Corut e Tenapes

of the nokgs.or i tol 19p@kPy-.s.t he gl ass bl ank B of the second conparative
exanple is manufactured fromthe glass materials of the first embodi nent.
[0144P3As dH3Rh i@ theysther brnd) ifahel VisBysity pintbe @lappmatsriak pethg diermerl ®6rBar ati ve
exanpl e i g el 140 anBRPESS, AL {BFSe Thd thoMhE Bt FPLRbARSHRRLREHLLGY! ar to
a central axis ax of the nold 30 700, 1s forned on an i nner surroundi ng
surface 71@ Gfcosiheisne w7 00herflare lias preterebihthai thaeiscesity pbthedilasy meieriflaase 710,
a spacer 712 jch is. annul ar. pr ot rudi gl on, (i.s_for

portion ng}}% tl%gdl (?%’r eteg)m?elsc% oF %ﬁegtgg%?r? uglq%rﬁggga sur taltc'_:fanogelér.g%aﬁga{%ﬁi tion,
t he press tiswifcasiey dflille plassthateribd dt dbpuCcINI0 elapreescin dleisidsds gresitet thad bingyuplabt i ons
713a %Qd %%%fs;zswhi ch are centered

[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
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by the central axis ax. [0145] A dianeter of the press
nol d 700 of the second conparative exanple is 145 mm
-protruding portion 713a and 713b are 65 mm and 20 mm
a height of the spacer 712 (nanely,

Addi ti on

al ly,

surface 711 of the

and di aneters of the
respectively.
a di stance between the

press surface 711 and the spacer 712) is 0.5 mm and hei ghts of both of the
pr ot r udi mgsqosities ofrihe/ §i3w neatetialsl@hafiest frdightthe ffile crabaimerdesre mithech dingensi on
and the hei ght of the spacer

of the nol 700.1.8
S Te redegtel

t an ordinary tenperature,
4§'nn1by t hermal expansi on. Nanely, when two nolds 700

are confronsgd trableach other in a state in which the nolds 700 are heated,

a di stan
result o
with the
shown in
second,
sanpl es
sanpl es
defi ned
radi us 6
ax. [014
Aver age
Devi ati o

ce tetween thetwo presprsurfacessitt amg 0 8610 -aH46—A
f neasurements of thi cknessdh: |tHeodsHeas EmidliaakSErBedinahi] Ghvoame: f or med
@b d 700[ of theosecond| codpar ati ves exanpled expl abned |abaée, |s
TEBrE8 bel ow. adeur t her| preess [tinme periods are sef to be 9.2
0.3 second, 0.5Lgecond, ™ 0. 82secondg and 14@"§é§6ﬁdﬁ"éﬁd"édﬁﬁﬁber of
are three, respeedively, Adgitijonal]y, [a thi'cknesg of eack of]the
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0 mm and 'ﬁ"&”Cﬁégre“OT"THQTUS"25" gent” red"by"theTce @yar axi s
7] Tabl e 3jPFGSSﬁ;”nE"PeTToqyfsT"Sa Ie"#"q 0"025"£§60"an 025
Val ue [ my--Standgrd-Devyatipn-{jmm-; veragedvakueu%nn}"Sta gar-d
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____________ Z0: L3 S A S
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.- .TA:_Q:TI‘:W)‘:QS.?H_*Q:. _______________________________________________________________________________
Total (mole percentage) 100 100 100 100 100
SnO; (outer mass 0.6 0.6 0.6 0.6 0.6
________ percemage) | e
CeO:(outermass | 0.4 0.4 0.4 04 | 0.4
________ percemage) i el
Sn0;+CeO, 1.0 1.0 1.0 1.0 1.0
. (outer mass percentage) | | .l .
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(mass ratio)
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the glass at
| 1250 degreesin Ceisius
" Liquidus temperature 840 920 1000 1080 1180
| (@egreesinCelsive) | | T | TR R
' Glass rransition 500 505 535 665 700
! temperature
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[0132]  Hereinafter, the glass blank manufactured with the glass blank manufacrurin.g

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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The glass blank B, which is used as the glass substrate for the magnetic disk and which has a
diameter of 77 mm- and a thickness of 0.9 mm, is produced, ‘using the glass blank
manufacturing apparatus 101 (Fig. 1, Fig.2) of the first embodiment of the present invention,
in the following procedures.

5 [0134]  First, the glass materials are prepared so as to obtain the composition of the first
embodiment in Table 1,and are poured into a glass melting furnace. Then, the glass
materials are melted, clarified, and homogenized. The obtained molten glass is discharged
from the molten glass outlet 111. A temperature of the molten glass material LG discharged
from the molten glass outlet 111 is 1300 degrees in Celsius, and at this time, the viscosity of

10 the molten glass material is 700 poise. Additionally, temperatures of the first and second
molds of the press units 120, 130, 140, and 150 are controlled to be around 420 degrees in
Celstus.

[0135] The molten glass material LG discharged from the molten glass outlet 111 is cut by
the cutting unit 160, and the gob GG with a diameter of about 20 mm is formed. The gob

15 GG is pressed by the press unit with a load of 3000 kgf,-until its temperature becomes lower
than the glass transition temperature of the molten glass material (about 3 seconds), thereby
forming the glass blank B. Similarly, the glass blanks B are produced using the glasses
having respective compositions of the second through fifth embodiments in Table 1, with
similar methods as the method described above.

20 [0136] (First Comparative Example)

The glass blank B with a diameter of 77 mm and a thickness of 0.9 mm is formed using a
glass blank manufacturing apparatus 901 having a conventional configuration, shown in Fig.
9. Specifically, as shown in Fig. 9(a), a molten glass material discharged from the molten
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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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, in the comparative example 1, five
S5  types of 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 Beﬁveen 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] Table 2

First Example First Comparative
Example
Roundness tolerance of the glass blanks 1000 pm 100 pm
Flatness of the glass blanks 3 pm i 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 pm 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 processes 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 pum. 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 Ipm.
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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diamond sheets to the glass blanks manufactured in the first comparative example, the flatness
cannot be made less than or equal to 4 pum.
[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, such 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 comﬁarative 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 perpendicular to a central axis ax of the mold
30 700, 1s formed on an inner surroundihg 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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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 ®60 and P25
Time Average | Standard | Average | Standard | Average | Standard
Period | Value Deviation | Value | Deviation | Vale Deviation
[s] i [mm] | [mm] [mm] . [mm] | [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 i 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 0916 | 0.00340 0.902 { 0.00258 0.909 1 0.00811
3 0.898 | 0.00330 0.875 | 0.00096 0.887 | 0.01250
: 1 0.924 | 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 I 0.00732 !
1 0.903 | 0.00476 0.888 | 0.00191 0.895 ] 0.00894
1.0 2 f 0.903 | 0.00299 0.887 | 0.00096 0.895 | 0.00880
: 3 | 0.904! 0.00096 0.885 i 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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other. In addition, for the 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 pm 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
is 1dentified. Namely, the magnetic 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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gl ass bl anks B becone solidified prior to contacting the spacers 712 of the
nol ds 700 to each other. In addition, for the glass blanks B fornmed with
-the device with the configuration of the second conparative exanpl e,
variatjions in thickness of about 0.05 mmare identified, and a tendency
that an outer dianeter side is thinner than an inner dianmeter side is
found. 5 YASABISOTIRAIMED d$:der t o produce a magnetic disk fromthe gl ass
blank B formed with the device with the configuration of the second
conparative exanple, it is necessary to performa surface grinding, such as
a wap process. Amagdi bf anubheiritda ghasslafl aHKs Bod@teRe W tdloddagogevi ce
with the configuration of the second conparative exanple, when the press
peri od beEsfsTegResay the methobincladinasterPtd. 5 second, cracks arise in a part
of sanples. 10 eJ; - h LN o} h | ass
bl anks B of the e oy otk g ereh Eod LT AIE W Pk
t hi cknessmatten glasywhatratidisghatzied frempm glast 100! eutlet at Adpdideieomiatd yminghei r
thicknesses are equal  to the distance betmeen the press surfaces when they
are pressed. Furthars BF 8% HdPeeArigiFaEt PosT SP"PHEY r st exanpl e, no crack
is detected in tpgiechificass phdssink thB,gobvetheiglast hatepaRssa pedsiumit hasing @tpair of 10
seconds. Since the flatpess of the glass 15 bl ank B becones the hj gher as
the press 98 B8 otER SR RL IR Gadh Otﬁ?{%{‘:ﬁ’é p@‘fséélgfaﬁFSaWC}fﬁﬁd?#a&Eﬂ‘ﬂﬂioh‘b
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manuf act ured, w thout generating cracks. [0I50] (Magnetic D sk Produced Wth
d ass Bl aAk Of the First Exanpl e) A glass substrate for the magnetic disk
i s produced thr VA i.ndi - i.Shi.ng
brocess using ¢ e A A RRELVE0k B IR PR DR b GADRE R Gl I Bg s L
descri bedstlisirgt f@eangnetic disk such &wt aedtioriebteen wididnetar asppihjdkngssaf Wreagbass
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magneti c E%%g%gglﬁﬁ%ﬁ%geg?fg%og gdlsj)?)g(f t%bt?féj frP(I)nrtgf g‘cgb ?rfg{ﬁen%l%slgéna?l sa[( Simlarly, a
gl assisubstrate for the magnetic disk is produced through applying a wap
process, the gripdin ocess _and. the polishin rocess using. the di anond
25 sheetstlto gl a ‘B%B‘?fioénﬁff“fﬁcﬁgmﬁiﬂﬂes@a%d’rlrad’érfg’f hg gubsyaispethe ifonatigry
material . rebbRlilposB@tinCaclir8itgits cRER AU GBEr N iHRUFE s oD gla Y8 tSrial HCHe 8S A
magnetic |ayer, on the glass substrate for the magnetic di sk. Then. these
nmagnet i ¢ @FSk nipiePetirmed ithoeehampyng thfi Blesdppiy &omap dirt wopditior, inniti¢hng dat a
and readi | Q ol
per f or nangggaggi?evt\\gée‘% tgéﬁg[q%%uﬁ%ﬁy??gﬁ sl{glﬁ?giléloédgtﬁggpé S{Ggggaggﬁgzﬁgﬂlé%gﬁz%n aé first
exanpke adiredtien patie igal ef theklassiat@tlithe sermghetridgtiod) iskwhii theydistaecedgletyesn bl ank
B of the {jr i .ex I the raw material. is identifigd.
Narel y. ¢ fls T RO & B FEROE o bl SHeR Bl Rt P RSl 865 ¢ om
t he gl ass tiitlads oB thef glish Blahk, reithief.anpdoad aftértthogdb el yhss Gnaterial &ditaRtsQBESS.
VWHAT 1S CLAL MED Ifs: 1. A method of manufacturing a glass blank for a
subst r at e °f BF P#ROT PP mat i on recording medium the method including steps
of : 5cutting out a gob of a glass material froma nolten glass material by
cutti ng the nolten glass material discharged froma glass material outlet
at a pPedét er m neldetehadp! maayBrHgng e gpshblepk fassheglubsimtenfar teiinfprmagion a| |
downwar dl Yecording mediumPle@flinB% 88h @roseéswﬂgreﬁgsmg%u%@ of it Bhaysndild gL1 al by
a press unit having a pair of nolds, fhe nolds' surfaces facing to each
ot her bei mguptadds belesf thares glatsi tehsineretepbenatise ofithdhigeds nfa@amal. unevenness, so as
to contact the falling gob of the glass material only to the press
surfaces; and formng a circular flat plate-shaped gl ass bl ank
havi ng a #ar get Theahebedobmamufghamg tbaifiaisrtaink HotheadubsagrRabi Be ifsinsideh t hat
aratio between a gl.i aneter.._and a thtjékness of the glass blank is within a
h

range”8f FOIBOREIE ABEIRE Tor B theigisn! 8t 3t BEHINals Meltwarglay, matenal

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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15 The net hod of manufacturing the glass blank for the substrate
for the information recordi ng nmedium according to claim1l, wherein the
-pressing of the glass nmaterial by the press unit is perforned through
noving the press unit froma first condition, in which a distance between
the press surfaces of the pair of nolds is greater than a size in a
hori zontal 20 direction of the gob of the glass material, to a second
eondition, in which the distance between the press surfaces of .the pair of
ol 5 SubSt ant | alTRY TEOORC BES AR GTE £ TG SRTTOR (ot HETPRI Ckness
of the gl assdhkanddiunkddidingdion§ @€ eRENAS 14, Wite:i9 ool rdudtng! asthe pREST | al
contacts one of the pair of nolds. 253. The nethod of manufacturing the
gl ass bl afifaeesis wHn aupnge o framilg}] toi8 Haf or mat i on recor di ng medi um
according to claim1 or 2, wherein tenperatures of the pair of nolds are
regul ated to be less than a glass transition tenperature of the gl ass
mat eri al . 6.4. The bt mgthodfof manwuhetuting thaglashidan) s thelshizatriteffor the tdorgabistt r at e
for the i nfonamthon, 30 Leger ol ng. sEdimiaccordiond. | o, 8 Of ol aTe fc Lo 3
wher ei n t K€ TOPIRA GF 4SS TRt &7 81 O'di €8Rar Ged IO £ AEOYHY 8 & neei s
out | et i sglasstmasrth] isheitigobranbe dfeorgbassiosatdessal is formed t hrough novi ng
cutting bl ades placed below the nolten glass outlet, so that the cutting
bl ades intersect with the glass material. 5. The method of manufacturing
the gl @ss7bl ank fiRmdhRl SuRsiufRhSink e H1A8 vk IENRE sk G e BorfREbHM
according to any of clains 1 to 4, wherein surface roughness of the press
surfaces TesorgingHnedigm pggoadingfo #YoPh B2ims 1t 6 ovheren a progsed prage m%ﬂmmp
manuf act upidignd BRpGhiansflettss hferhecSHASLE AL fard Qﬁeféﬁ%tibﬂ%&ﬁt%é&n .
recordi ng medium according to any of clainms 1 to 5, ereln a viscosity of
the gob of the glass material is within a range of from50 to 1050 ci Pa-s.
107. The thod o nuf act ur i the ql.ass, blank faor the substrate for the
i nf or mat im?)'n recolIr‘ &Illr%ﬁ%olénoeatgfn&n rﬁf%g%%nrgd? %&bst% Stea%&rl Q}(]) i A 51“’& “\fﬁill@?lei n a
pressedl shatein the @RkNblaARKNE Gnannfacturddneitd depedtiaddudceorting ttdr enygbfagameaters al
beconmes | ower than def ormati on poi nt .thereof. 8. A nethod of .
manuf act uPThie 21458 Bgfﬂf & %mfd(?i% t g‘é S?WF&) Phﬁtdilsgrf’frae‘l‘,‘%ﬁ HickgV itk dindeteBiRRGr ei n
the gl assahhRrK ah® afid Mk agd MEQ Bk idpdiildmet hod according to any of clains
1to 7, and the glass blank is grinded to be shaped in a disk of a true
circle wwth a predeterm ned dianeter, and after that, the glass blank is
pol i shed. 9. A MRtA0fe s MHHAERARME B0 hAEmbMGOHEBIAN W SE0 dlieifrBel um
wherein the 20substrate for the information recording nediumis
manuf a¢t usedtreie fér thehiefompatirodeacdiog diedigmtie mehafaenu8d withdheahetbod dcherding to
: 2]]: g:: x:: glpe]lirr:; egga{tl%:aﬁgr h}ngi d?nrﬁl r%max{t%nfrggor}%gg qg‘ye%‘shgresflél)pn?etdr g‘& %ef gl%séatc]ee for the
information recording medium.

10. A manufacturing apparatus for manufacturing a glass blank for a substrate of an
25  information recording medium, the manufacturing apparatus comprising:
a glass material gob generating unit that drops a gob of the glass material
downward; and
a press unit,
wherein the glass material gob generating unit includes:
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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10. A manufacturing apparatus for manufacturing a glass blank for a
substrate of an 25information recordi ng nedium the nmanufacturing apparatus
-conpri sing: a glass material gob generating unit that drops a gob
of the glass material downward; and a press unit, wherein the glass

mat eri al gob generating unit includes: 30a glass material outlet that

di scharges a nolten gba‘ssf matewhask sudiareds facing to each other aeptt’sisiurfgcssmnﬁ t hat

cuts out a gob of the material. fromthe nolte ss material_ at a
predeterm ne tim ng, vbﬁ%la arh ViR &0 BEE mve i ARge Q“g"l ghidredionidrs

whose surimpefshih@edd@pirifRakdipat dFetioldd 1 eRétesigersur f aces; and a
nmold driving unit that noves the pair of nolds in directions for

appr oachi ng and &gt Beipreys pie fgraisra Riptewbangd class blgeh frompbe gob of the glass
wher ei g tiﬁgtensﬁﬁl%ugm@hcmw e ﬁesgingttﬁe BhaRGEH, $eQREn 'alea;;?égs e {)&%gﬂg& of the

gl ass smaterial through pinching and pressing the falling gob en the
press sur$asesds, of the pair of nolds, wherein the press surfaces

facing to each qther are f or hout an u evenness.
wherein a spacer” 1hiS O\Prasecfgﬁgce(s)ﬁaeco t%acwogw ot f%m) a8 eltmeé vﬁ%hsﬁu on
nei ghbor i mgvemedDte press surface of the one of the pair of nolds, and the

spacer contacts th the nold f g to.the spacer, so as.to ke adlstance
bt ween ¢ e pai rSTotb IS SHHSY R 1 bne 2t e RIS B LG AP REETRLS £ or

manuf 8§t Uthe Reest BB f0¢ 88tEe bhedthnd dir §hRold) R thatsacef conb@tsivifahdRbidaBcing
recordi ng nedi um according to claim 10, wherein the press surfaces facing

to 15 eactp tBe FRafer4p @s @.kﬁ%a@ﬁtan%rbatwevﬁtqnalr@émwéﬁow@r aneter of each of
the press surfaces and a di stance between the facing press surfaces at a
time of pressing is within a range of from50:1 to 150:1. 12. The

manuf act utl.ng appemagnuicfugng mwh&dpumhmgamcghagl‘assthlamdﬁ the smtheafs wbstrate

0F 2001 LT OLHR R 6 S TESIAD RS0 T) b hAp2s AlingtPEr o1 1

15  each other are c1rcu1ar, and a ratio between a diameter of each of the press surfaces and a
distance between the facing press surfaces at a time of pressing is within a range of from 50:1

to 150:1. .

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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vertical surfaces. 13. The manufacturing apparatus for manufacturing the
gl ass blank for the substrate of the information recordi ng nedi um accordi ng
-to any of clains 10 to 12, wherein the nold 25 driving unit noves the pair
of nmolds froma 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 t hgagltasstioratmpérature df thegglase omdiabondi tion, in which the distance
between the pair of the press surfaces substantially coincides with a size
in adirection of the thickness of the glass blank, within 0.1 second after
the gob ofs.t he ghasfnoRitenit@dppefid a6t Barifin@fngttiteslpaiblan@fformt dfbstaddof 14.
The manuf acturi ng, apparatus for manufacturing the glass blank for the '
subst r at eNBAMPHRATOAEEHHNE SHEIREE BFQTHRE feanu Rl sERY dY g Ito VARpInoRUTiatai ns 10
to 13,5 f Uk Aftess MRS ek BeHrRed 8 WRAIA Mh & Saed @bl RAIMRLT that regul ates
tenperatures of the pair of nolds to be less than a grass transition
tenperature of the glass material. 15. The manufacturing apparatus for
manuf act uyd ng t - f the strate of t i nf or mat.i

recordi ng{ér'redi u@ggc%?%ftﬁé@%pgﬁgu s 5& %%né?zﬁcéu%%eoglﬁtﬁa\ﬁ%g?retﬁ% sgsbﬁ%}%(?fe

5r oughneste offortrtadopreessling i ddace sccosling tb hinp ofclriang® tofl 5 fwiemi®a Oikcdsiy 0 p. m
16. The nuf.act uri.ng apparatus.for manufacturi t.he gl ass blank for the
subst r at gt%&goti%ftetg? W%f’ﬁ%‘%agﬁ ‘Ylg%?ﬁinﬁﬁogr%ﬂ? toaﬂ%&dg?'ﬁ'g to any of clains 10
to 15ipowherein a viscosity of the gob of the glass material is within a
range of from5Q to 1050 dPa.s. 17. The manufacturi ng apparatus for
manuf act uti ng t HE< gaasecHag wrrGuspenapieyedhoglagshiank feothesgtsgae of

recor di ngEEekHiRiRE GRlMiAY re@iuANecOiding! B 5 FQidifs 1610 WSk Birfin fessp ed
state is maintained until the tenperature of the glass nmaterial becones

| oner t hasiata idahantamed omtipdha tempeeaterof of the glass material becomes lower than a

deformation point thereof.
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