METHOD OF MANUFACTURING GLASS BLANK FOR MAGNETIC RECORDING MEDIUM GLASS
SUBSTRATE, MAGNETIC RECORDING MEDIUM GLASS SUBSTRATE MANUFACTURING
METHOD, MAGNETIC RECORDING MEDIUM MANUFACTURING METHOD, AND DEVICE FOR

DESCRIPHION Rl Sl hArian) MEPHSS OF MARGF AL FOR NG SUASE BCARORGR S

MAGNEsUBSRRAFER DN AR L U S RS WBSITHA BE A¥A GBS RAIEC RIIBKE NIRPUEM
GLASS SUBSTRATE MANUFACTURING METHOD, MAGNETIC RECORDING MEDIUM

MANU AT HOB, | N BAE T HORE EORDI INEWEER BQRMANNAGTARIT NRNEGHBEDA IBIB DANKCEORFOR
MAGNETIC RECORDING MEDIUM GLASS SUBSTRATE [Technical Field] [0001] The present
inventioMEI4taS to/Bl ettb 4 2% Rlaflifa RN aNHA s S IRERIVREH AnbERetidrecbading B iR iglass
substrate, a method of manufacturing a magnetic recording medium glass substrate, a method of
manufacturing a magnetic recording medium,Dm %EB%L tus for manufacturing a glass blank for a
magnetic recording medium glass substrate. [Background Art] [0002] As a method of
manufacturing a magnetic recording medium glass substrate (magnetic disk substrate), there are
typically-gyarpniified fhp method piradisiog maKksHATIRNIE 8 Press BANIRG SRV GNEEENg
a molten glass gob to press molding with a pair of press molds (hereinafter, sometimes referred to as
"press IRECWRTHREG aEE@NPELRESE Usariras] 03 NeT(2)REnetRoBoMEDIUMNG IBAS S
substrate through a processing step of cutting, into a disk shape, a sheet-shaped glass formed by a
float meBha3S A RIBWR-drANEh6 8, Tdd R ke (ViErEmM@Rer, sSYMEihrdY CefefRéd "0 AP ISAGEBhEYEd

glass-cuttin'g method." See, for examDpIe, Patent Literature ﬁ/? .&OOOB&
MANUFACTURING METHOD, AND DEVICE FOR MANUFACTURINGLASS BLANK FOR

MAGNETIC RECORDING MEDIUM GLASS SUBSTRATE

[Technical Field]

[0001]

Thepresentinventionrelatestoamethodofmanuf acturingaglass
blank for a magnetic recording medium glass substra te, a method of
manufacturing a magnetic recording medium glass sub strate, a method of
manufacturing a magnetic recording medium, and an a pparatus for
manufacturing a glass blank for a magnetic recordin g medium glass
substrate.

[Background Art]

[0002]

As a method of manufacturing a magnetic recording medium glass
substrate (magnetic disk substrate), there are typi cally exemplified
(1) a method of producing a substrate through a pre ss-molding step of
subjectingamoltenglassgobtopressmoldingwith apairofpressmolds
(hereinafter,sometimesreferredtoas"pressmetho d." See,forexample,
Patent Literatures 1to 3), and (2) amethod of pro ducingasubstrate
through a processing step of cutting, intoadisk s hape, asheet-shaped
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In conventional sheet-shaped glass-cutting method exemplified in Patent Literature 4, a magnetic
recording medium glass substrate was obtained by carrying out a disk processing step of processing a
sheet-shaped glass into a disk shape and then carrying out, as polish steps, a lapping step
(rough-polishi tmen ishing st recision-polishing treatment). H er, it is
disclosé&gétﬁgt, (?rrlﬁ:ﬁg ;%%e%-jr%taeﬁ %?gsggcit%%\xr%g#@épgﬁﬂé%d in Patent Litepaﬁ\liyr@;!”ﬂge lapping
step (royghRbgRINGKRAIMERY i@ RliRdinalehand pad-tirupelishing step (prerigiaaPelighigg
treatment) is carried out as a polish step. [0004] On the other hand, in conventional press
methodsexendplifted jrfd? ateainpiter #uates 1 Lot8y atmagnagtic recording medium glass substrate is
usually obtained by carrying out a press-molding step with a method of press-molding a molten glass
gob, in which th@0#3lten glass gob is placed in a lower mold and a pressing force is then applied to the
molten glass gob from the vertical direction by using an upper mold and the lower mold (hereinafter,

sometimes refdtE8MEAS 2DBIGORLFE@N5ESRs SR A EHRAng out a lapping’ R8P 'H'BBIRNing step,
and thelie, (99981, o, H57e, 15 ASORLOR0SE il (e press method disclogedinRatent
Literature 2, the lapping step Is eliminated by, for'example, using a highly rigid material as a material
for the upRemEPIdythealoyrg MRld. Anfsk Ralel shacetasraiged between the yppee faplg and the
lower mold. [0006] In addition, in a press method disclosed in Patent Literature 3, a method is
proposesh gt idteipei GEdsy iinohtaiskesptgie glasswitle small warpage whilegosevemsipgitbe productivity
from being decreased, after press molding, an upper mold for cooling is placed on a press-molded
productsianhia fapthod stspusig theolisparatisiat foe woeling, cooled statesdod aligppes Siedace and a
lower surface of the press-molded product are balanced. [0007] In addition, it is proposed that, in

the pred8'REHBR BRITOE TRIDRRIMY LITARNE' 3tiRblace of the verticaPIRRGYFEds e
press-m%ldgr{gsﬁteépeid% ﬁarrieg ?ut with & g&e&ho in Wh‘r'FP a gressing force i% ap lied tor% Tolten glass
o]

gob from the horzonta E(IjslrsécHothn ymlfsmg a '5'§|P(S)Fpress molds arranged so as %r%tcue each other in

the horiﬂ%\%H“?%WQB(%%@i%ﬁ%hﬁ%’ﬂ%ﬁ%‘iﬂ?éﬁ?d to as "horizontam,trgf‘et&gﬁgg})')[[.Fligation List]

[Patent Literature

polishingstep(precision-polishingtreatment)isc arriedoutasapolish
step.

[0004]

On the other hand, in conventional press methods e xemplified in
PatentLiteratures 1to 3,amagneticrecordingmed iumglasssubstrate
is usually obtained by carrying out a press-molding step with a method
of press-molding a molten glass gob, in which the m olten glass gob is
placedinalowermoldandapressingforceisthen appliedtothe molten
glass gob from the vertical direction by using an u pper mold and the
lower mold (hereinafter, sometimes referred to as " vertical direct
press"), and then carrying out a lapping step, a po lishing step, and
the like.

[0005]

Here, itis also proposed that, in the press metho d disclosed in
Patent Literature 2, the lapping step is eliminated by, for example,
usingahighlyrigidmaterialasamaterialforthe uppermold,thelower
mold,andaparallelspacerarrangedbetweentheup permoldandthelower
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[0008] [Patent Literature 1] JP 2009-149477A (Claim 1, paragraph 0012, and the like))

[Patent Literature 2] JP 2003-54965 A (Scope of Claims, paragraphs 0040 and 0043, FIG. 4 to FIG. 8,
and the like) [Patent Literature 3] JP 4380379 B (paragraph 0031, FIG. 1 to FIG. 9, and the like)
[Patent lJ.nl]g? ature 4] JP 2003-36528 A (FIG. 3 to FIG. 6, FIG. 8, and the like)) [Summary of the
Invention [ETechnical Problems] [0009] On the other hand, from the viewpoint of enhancing the
productivity of aomeginetic recording medium glass substrate, it is very effective to eliminate a lapping
step or to carry out a lapping step in a shorter time, the lapping step being carried outmainly for the
purposes of seausidditioa fiata@sssanddihidrisiy osdhickhessnof the magnetic reciaeging rmadium glass
substrate, adjusting its thickness, and the like. This is because a lapping apparatus is required for
carryinggduetheddpsirPergs Hnehehcénrstehd@dt@iproducing a magnefdatecaigiingvitiedium glass
substrate become larger and the processing time thereof increases. Further, the lapping steolo may

cause tfE'BLNAFBABE YNATRIENSAYAE HFRRUGHYNSEOThus, the preserﬁ‘&]ﬁiﬁﬂ HARatC

examina}iorg is bemglgnade on haw to gtirpéna‘e the lapping step. HerFachQSH the sheet-lsa}('ua%ped

glass-cf'j')tttltrelgp method and ’tEH]euf))Peeer1 r%le RO 8r'en%'5'ﬁ1pared from the wewpomf1 Bfeeﬁlsrh%%tlng the lapping

step or gasing QHLERE dARRKg Sieadmg shotiss dimeonpre advantageous i Higisheesslaaped
glass-cutting method, in which processing is carried out by using a sheet-shaped glass having a higher
flatnessspaashigad uppa rdoatareihad anvdovuirdeawrmethod, or the likee ptesevies) dbepterscmethod has
the advantage that glass is used more efficiently compared with the sheet-shaped glass-cutting
methodafedi0pncedn order to eliminate a lapping step or to carry out a lapping step in a shorter time
at the time of producing a magnetic recording medium by applying post-processing to a glass blank for
a magnetic recH?BPr?dmedium glass substrate (hereinafter, sometimes simply referred to as "glass

blank™) produc?d ,93{ dﬁjt?in thlegticr%l dir% tt ress, mes necessary to make the thickrﬁ%%s d(?s(?élliéas%)é" of the
glass blank smalléf and 1o impPovB(%ﬁe latness erpeofs.'sl-[gre, when a glass blank’is
in Patent Literature 3, in place of the vertical di rect press, the
press-moldingstepiscarriedoutwithamethodin whichapressingforce
isappliedtoamolten glassgob fromthe horizonta I direction by using
apairofpressmoldsarrangedsoastofaceeacho therinthe horizontal
direction (hereinafter, sometimes referred to as "h orizontal direct
press").

[Citation List]
[Patent Literature]

[0008]

[PatentLiterature1]JP2009-149477A(Claim1,p aragraph0012,
and the like))

[PatentLiterature2]JP2003-54965A(ScopeofCl aims,paragraphs
0040 and 0043, FIG. 4 to FIG. 8, and the like)

[Patent Literature 3] JP 4380379 B (paragraph 0031 , FIG. 1 to
FIG. 9, and the like)

[Patent Literature 4] JP 2003-36528 A (FIG. 3to F IG. 6, FIG.
8, and the like))

[Summary of the Invention]



manufactured by vertical direct press, the temperature of a lower mold is set to a temperature
sufficiently lower than the temperature of a high-temperature molten glass gob in order to prevent the
molten glass gob from melting and bonding. Thus, during the period from placing the molten glass gob
in the | ' ting press molding, the molten glass gob loses heat through the surface in
contacmgléﬁrﬁ%%éﬁg%% , and hence the viscosity of the lower surface of the molten glass gob
placed in the lowgpgpold locally increases. As a result, the press molding is carried out to the molten
glass gob having a wide viscosity distribution (temperature distribution), producing portions that resist
stretching by pesth &esutaana caolitie: spegibaftefdhiegmeag molding is diffetrexiriad eachtgite in a
glass molded body produced by stretching glass by press molding so as to have a plate shape.
Conseqeieatiyaangitiss enaniki flganedior arss 15y ksirjasdttical direct pressiis Yiabieettepve an
increased thickness deviation or to have a deteriorated flatness. Further, in consideration of the
above-HABNAH N ERAHIGAIGR RH A HEY ML B Ropting the vertical GPSCEPIBLSIGHG a upper
mold fogicmoeoghn as disclos{(ﬁd in PatenoLittr%arall;t]lrqu r1 it is difficult to d{ﬁsticall(ysguggress the increase of

r
the thickness deviatio Stoe e glass blank and the deterioration of the flathess t%erSSHrtBBm On

the othep bapehdoshieibarizentalidlinekresss exempified in Patent Literatdre S raimedigiass gob is
press-molded into a plate shape substantially at the moment when the molten glass gob is brought into
contact gvibsa yesa tercld;uviong ispeciicallys, aaoypated with a case of the varticas dyest pgess, in the
horizontal direct press, the viscosity distribution of the molten glass gob when the press molding is
carried alapp ungiraratics e roelined waoptty steedoh tthe molten glass gobl ampiogsie ananghinly.
Therefore, in theory, compared with the vertical direct press, the horizontal direct press is thought to
drasticd?l?rﬁ%‘b"i‘ésé%bﬁfé@é%ﬂi?“t‘H@ﬂ%?@&eé'EfW ¥Hikness deviatidAHHHDHAGERNSERIEN of the
flatnessb%f the glass blanchr{gO%gles ean\g[\f]heilr%,offllsntcr}ee recording densgtgl of 2 Lrjnﬁ}ﬂenethcerecording

) C larger an ingtime X . . ases. rtrer, t
medium IS fTUnther erhanced in recent ygars, a magnetic recording medium g?ass substraté made of

glass ang,aiasis Hlank Whithrs 4serk it BEpSECiRgiR magnetic recogding, mediup) fg dequired to
further improve the thickness deviation and the flatness thereof. [0013] However, intensive study
of the inMEMEQEs ©hitee dHESRDE e NI eimtavealeddhah asglass blank producesiniging deeohorigantal
direct press described in Patent Literature 3 could not cope with the above-mentioned needs
especialbeivitin pegldrel 2p thgy Sizipe ste (rsthsittiaeomye [0014] Furthegrageaigityssetsisiman integral
type press mold used in the horizontal direct press exemplified in Patent Literature 3 in a direction in
parallel AW PrESSIRRIARTS BEHET CTABYRAGPE MR ed with the ¢S4 DINIRECUBHI Mirect press in
which the Iﬁwer_mold IS substantially? fix dly(%aced and the upper mold is moveg in a direction in

parallelt\r/\]/ﬁ RR' Dk SLEB I oF a&%[l?, 4 ehI DIt et press, the press@rﬁosl f?lréeédl"fg%e tends to
be inclineg with vespent Jadhe fitestion, S movemRALof fhfgress mold. Therefere, in oy fo reduce

the thickness deviation in the horizontal direct press, the press molding is required to be carried out
with theppsrssdnlding sistrseopRARES dracihapereing held in paradehwitih gashiyater. In order
to attain this, driving of the press mold in the horizontal direction in the press molding must be
controlléd twebsaxtodione priegisibnatHoetbeer;, edvewir-drdriv@ef the press mdidds enpreviéd, precise
driving of the press mold has a ceiling, and hence, it is difficult to improve the thickness deviation, and
the cost3AKY Hicl8&ser 8FRifIE pdthRachieAdYRBraasrénal/eh if the press radfIExeRRslifleelifPatent
Literature3 is used, it is difficult to further improve the thickness deviation and the fltarlltggss (second

situatior?)ﬁ'fdﬁﬁg}' compared with the sheet-shaped glass-cu tting me .

[0010]

In order to eliminate a lapping step or to carry o ut a lapping
step in a shorter time at the time of producing a m agnetic recording
medium by applying post-processing to a glass blank for a magnetic
recordingmediumglasssubstrate(hereinafter,some timessimplyreferred
to as "glass blank") produced by using vertical dir ect press, it is
necessary to make the thickness deviation of the gl ass blank smaller
and to improve the flatness thereof. Here, when a glass blank is
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An object common to a first aspect, a second aspect and a third aspect of the present invention is to
improve the flatness. Here, the first aspect and a third aspect of the present invention has been made
in view of the first situation described above, and an object of the first aspect of the present invention

(first objgeh), 5,19 'éor?‘]" %r‘f’i‘@%‘&’.‘?e%ft gr%@%f‘?ﬁ%ﬂégrgoc@r fass blank for a m@%?ﬂ%ﬁg%ﬁﬁﬂg medium

glass substrate which may produce a glass bla ellent in flatness, and a metho anufacturing
a magnglisdeePedine prediure glase RinRstiaiecant s method of manufacturipgh Bagnetissrgcording
medium using the same. [0016] The second aspect of the present invention has been made in
view of thehsenopdraituation idasgfitacthaboverdemd@prebgect of the seconet aspecilafitiyagresent
invention (second object) is to provide a method of manufacturing a glass blank for a magnetic
recordirétp hrfeeiv Medl g soznd i drhidhug g FisriiRRRlire a glass blankoglittPshRéiieinthiRness
deviation and flatness even when the glass blank is manufactured using horizontal direct press, and

amethol B PGS AR Y dRfRVERIC RO UMY FHRIENMPylass substrate, a'fetiBe Y haRGfacturing a
magnefi feading medium. ADd A ARRAAIS A mapufacturing a dlase pian fpr A magnetic recording
medium gqass dibstiate using he method of manu?acturing a glass blank for & magnetic recording
mediungiass,sutririe 1S Qldtiosity RipRIpMl0NKkfAddne first object inclypipg thaeargaes object is
achieved by the first aspect of the present invention as follows. That is, according to the first aspect of
the prespid pvesdionhidri@ds poovided !y meibadest manufacturing a glaasddanktfar g ésagnetic
recording medium glass substrate, including at least: a first pressing step of pressing a falling molten
glass gomolithga fiest peskssuiioltharadtepcdassgresavold placed so as todbevogposeebttgach other in
a direction crossing a direction in which the molten glass gob falls to form the falling molten glass gob
into a RSN GEERSITIWRESIHE Wia o g to press, with tHRPfYONSHEEY &5 and the
second &re@]rirrl]olgé/plate glgss .fé)rmed be}.vveen th% ]iﬁ?é press mold and trtl secondnpri%slg mold; and a

taking ou S ar the see(fc'o'n%sp?ecs%cl’n'é] %Péjpe,emovmg the first press mold ANd INe secdhd press

mold avgy, from-rash oM Aakiag Avidbe iatF.glass sandwiched bgtyeer e ltshprgss mold
and the second press mold, in which: at least during a period in which the first pressing step and the
second geesgingretemyidieglied @Hatke tearpsaiapye of a press-moldiag suijireripfdbrdisst press
mold and the temperature of a press-molding surface of the second press mold are substantially the
same; ibldefinstt pressthg stepy, tisenotteit gldgs galids pressed after the pressbhedliay surface of the
first press mold and the press-molding surface of the second press mold are brought into contact with
the molf&hi§ri8SIRsb BiMaRtAIRY BitPR ShM e 2diRifhe duration time B HESEEEMREPressing step
IS contrg;lle so that the flatness ?{ thebqolass blank for a magnetic recordire%medium substrate is
ffe 58

I
10 pm GHBBERHI 0 R0 BT 200 R SUEMNRGSSMR embodiment B8 SHARETHEAA of
manufagliuring 2, gjass Pk fat A MRS TIS Leearding medium glass syBstrale, afiiie ikt gspect of the

present invention, it Is preferred that the duration time of the second pressing step be selected so that
the temperatser 6 dhe pate @lastevdignthe sesangdipigssing step is compleiad igratirastequal to or
lower than a temperature which is 10C higher than the strain point of a glass material forming the plate
glass. [B0p9}ess thaccoreksg td theothiekrerabddinaimnmbde, it is preferredhthgtabeiaetheddof
manufacturing a glass blank for a magnetic recording medium glass substrate of the first aspect of the
presenttiifvEsRnofiates: déRiEanhshéRairREs gob forming step of causing molten glass to fall from a
glass outlet and cutting a forward end portion of a molten glass flow continuously flowing out
downward in thd¥&Hical direction.

Onthe other hand, inthe horizontal direct press exemplifiedin
Patent Literature 3, a molten glass gob is press-mo Ided into a plate
shape substantially at the moment when the molten g lass gob is brought
intocontactwithapressmold. Morespecifically, comparedwithacase
oftheverticaldirectpress,inthehorizontaldir ectpress,theviscosity
distribution of the molten glass gob when the press molding is carried
out is uniform, and hence, it is easy to stretch th e molten glass gob
uniformlyandthinly. Therefore,intheory,compar edwiththevertical
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[0020] According to a further embodiment mode, in the method of manufacturing a glass blank for
amagnetic recordingme dium glass substrate of the first aspect of the present invention, it is preferred

that the viscosity of the molten glass be in a range of 500 dPa.s to 1,050 dPa.s. [0021] According
toa f“”&‘.‘?é&'éb%&’ém% m%amgﬁ (DGinedQf i@‘%ﬁ‘&}‘iaﬁt“”“g a glass b'a”FFQro‘?Qlﬁ%ﬁﬁEJc

recordingme dium glass substrate of the first aspect of the present invention, it is preferred that the
first presgspeld anm thea8aPNEPNesT MRl be placera &s to be opposeddpeashhoiharinea direction
perpendicular to the direction in which the molten glass gob falls. [0022] According to a further
embodinwatioradenin thieenieiined ©bmaesujeciaringnk glass blank for amagnetic recordingme dium
glass substrate of the first aspect of the present invention, it is preferred that the absolute values of the
temperature diff@éédAates within the press-molding surfaces of the first press mold and the second press
mold immediately before the first pressing step is carried out be in a range of 0OC to. 100C. [0023]
According to a YiFtHeY RRRRIMRERE HOGE SRHE Hathad Bt ihanufacturing a JREY HRHRTE Uhagnetic
recordirllgqcne dium %Iass squ.bstrate f the first as?pe(flt of the present invengon it 'r% é)éeferrid tshat the

th ! L dih
press pres%ruree N the g%%ohrarf)(r:eesng %aéfég Bé Feduced with time. [0024] N CSording to & further

embodingniardedadhe etbes ehrganydasiiingnacglass blank for amagneliciresRydingmge dium
glass substrate of the first aspect of the present invention, it is preferred that the press pressure be
reducechwihgndhertyopengives diregejaigtassieandwiched betweenig divsthpassknedd and the
second press mold is lowered into a range of 3000 from the defromation point of a glass material
formingdhe plate ghasthe flatness thereof.

[0013]

However,intensivestudyoftheinventorsofthep resentinvention
revealed that a glass blank produced using the hori zontal direct press
describedinPatentLiterature3couldnotcopewit htheabove-mentioned
needs especially with regard to the flatness (first situation).

[0014]

Further, gravity acts on anintegral type press mo Id used inthe
horizontaldirectpressexemplifiedinPatentLiter ature3inadirection
in parallel with press-molding surfaces. Therefore , compared with the
caseoftheverticaldirectpressinwhichthelowe rmoldissubstantially
fixedly placed and the upper mold is moved in a dir ection in parallel
with the direction of gravity, in the horizontal di rect press, the
press-moldingsurfacetendstobeinclinedwithres pecttothedirection
ofmovementofthepressmold. Therefore,inorder toreducethethickness
deviationinthe horizontal directpress, the press moldingisrequired
to be carried out with the press-molding surfaces o pposedtoeach other
beingheldinparallelwitheachother. Inordert oattainthis,driving
ofthe press mold inthe horizontal directionin th e press molding must
be controlled with extreme precision. However, eve nifadrive of the
pressmoldisimproved, precisedriving ofthe pres smoldhasaceiling,
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[0025] According to a further embodiment mode, in the method of manufacturing a glass blank for
amagnetic recordingme dium glass substrate of the first aspect of the present invention, it is preferred
that, during the second pressing step is carried out, one surface of the plate glass and the

press"gﬂ dipgRuriace &?f‘i@@l[ﬂ{é‘hﬂ?ﬁ%@ﬂ@tﬁ% WaYs in intimate contacy witly;63ch] pihigL without a
t t ass and t

gap and the other surface of the plate g e press-molding surface of the second press mold
be always<i AMimnaieaeBRe Wikhearl QIBsS Witaeat a gap. [0026] 1o ARGk R esturther
embodiment mode, in the method of manufacturing a glass blank for amagnetic recordingme dium
glass subsldate ofpthicetiiaPaspeitt lef ther ppesesntdmvention, it is preferratifthat tioéudivation time of the
second pressing step be controlled so that the flatness of the glass blank for a magnetic recording
mediuni RISy Slbstrhkekize 3B siavir tiesspniHired e sfo627] Accordifg e & Jlinae®mbodiment
mode, in the method_ of manufacturing a glass blank of the first aspect of the present invention, it is
preferred that r[&%ﬁk in contact with at least the plate glass of the press-molding surfaces of the first
press mold andAtrp% bs%(ég)nd ress mo'ﬂr'%‘? substgptigll¥ glr% surfaces. [0028] téﬁgoe[qm%ito the first

common to a aspec SpecC .
aspect of the presen{ invention, there Is also IC|’or0\i| ed & method of manufacturing a magnetic

recording, paeditivh@laassswp sty drciiding pideaskdnanufacturing a glags,plankfarea fRagnetic
recording medium glass substrate, including at least: a first pressing step of pressing a falling molten
glass goipswitbpa firahpressirelshandd srcorng piegs/mold placed so as totiod app@sed iaaich other in
a direction crossing a direction in which the molten glass gob falls to form the falling molten glass gob
into a plateishapiethe Susbadysreeridgstepest sbatiaufto press, with the fiest pgsst wioltleand the
second press mold, plate glass formed between the first press mold and the second press mold; and a
taking olfS$RPPEE M thB'ESEFh YRS IAS LB Bting the first press maltP dRPTRYISBNd press
mold avxr/f']ié/tfrom §ach o{[;l\e and tak'ngt oggtatrbl? falate n%ass sandwiched between the first press mold

and the secrbonddopr@é”‘sn o ‘;J%{H% AR , a po {s"f‘ung %?38 of polishing mgihegawdegsmo% e glass

blank 165 340gneleAERRTEIN AYeHbIT Aass SLbBlERieel which: at leastuping friad in which the
first pressing step and the second pressing step are carried out, the temperature of a press-molding
surface £fdaem Etabpoesmmakt anththariegneaiabterafny press-moldingreidiiaeg abtesecand press
mold are substantially the same; in the first pressing step, the molten glass gob is pressed after the
press-nwuidany eshidd obnud tbéafitst ipgsss agoletianelctrdipgess-molding sunktie oiitiegdbesathpress mold
are brought into contact with the molten glass gob substantially at the same time; and the duration
time of the sec8fLftessing step is controlled so that the flatness of the glass blank for a magnetic
recording medi;lgﬂweglass sOtJbstrate iﬁ%g [Pm or less (withi 10&@' [0029]

econd aspecto resentinvention has n made in view
of the second situation described above, and an obj ect of the second
aspect of the presentinvention (second object) is to provide a method
of manufacturing a glass blank for a magnetic recor ding medium glass
substrate which may manufacture a glass blank with smaller thickness
deviation and flatness even when the glass blank is manufactured using
horizontaldirectpress,andamethodofmanufactur ingamagneticrecording
medium glass substrate, a method of manufacturing a magnetic recording
medium, and a apparatus for manufacturing a glass b lank for a magnetic
recording medium glass substrate using the method o f manufacturing a
glass blank for a magnetic recording medium glass s ubstrate.

[Solution to Problem]
[0017]

The first object including the common objectis ac hieved by the
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According to an embodiment mode, in the method of manufacturing a magnetic recording medium
glass substrate of the first aspect of the present invention, it is preferred that the duration time of the
second pressing step be selected so that the temperature of the plate glass when the second pressing
step is | i l?e e qﬁt . # temperature which i > hi t the strain
point ofqg%?%g %n(algﬁh}é %%ﬁ:%g t \é%%%gvégafs@%[%lgm] Accordingtoii%%ér%}ne{)roﬁr{kent mode,
in the methed @f Rauibrctingrerpagnetic recardinchmedivan glass substrate of the, fisstigspect of the
present invention, it is preferred that the flatness of the glass blank for a magnetic recording medium
glass substratecoidrihefatness i thesnbgingtioreetading medium glasscaulestrditegbeesiilstantially the
same. [0031] According to the first aspect of the present invention, there is further provided a
method W prsnbRicaleing ¢ widgaaicersiopding pPiesfim, including at leashdBiRRPABIESAL @ glass
blank for a magnetic recording medium Plass substrate, including at least: a first pressing step of

pressing PHANAG LA ol Hith T8 HrELEHIbId and a second pARSHGENAHEESD as to be

opposed t h other in a direction crqssing a direction in which the molten glass gob falls to form the
g G P S e e R L e of contei o LLaSE Guith the fire
press malgh @b g FREPIFNSHS MPidsBeaiass formed between fhefiist fifisg muidand the
second press mold; and a taking out step of, after the second pressing step, moving the first press
mold angldbe gecond prersdendidmyvalsiosn @pebsethgrsaand taking out theppbateoglassisqnewiched
between the first press mold and the second press mold; after that, manufacturing a magnetic
recordirig epediiih igledsss nbssne lhahiihg stdeadtaepolishing step of polizhihp attglagsaces of the
glass blank for a magnetic recording medium glass substrate; and further, manufacturing a magnetic
recordirl§ MedifRTMABUHIGY At 1e4EP 8 MG oo &*fRGJayer-forming st@peSEBIAthG A% fagnetic
recordlqg If_s}yg(f[)gpsttrée rgﬁ%getlc recorcczllonr%medlum I@gs substrate, in which: at Jga%ngp a period in

which thefir pressn?g ste tgﬁ ht%es%econgrgrsess'g 3 sPefp are carried out, tWé)Yérﬂpera ure of a

press-mpldiagriirfagriahthediish Rrsss el @ad e mreiature of a presg:malding siifage of the
second press mold are substantially the same; in the first pressing step, the molten glass gob is
pressedaftae retpresssarnlding isedinae o6 tirdirgitpress mold and the gyessdnedding scstace of the
second press mold are brought into contact with the molten glass gob substantially at the same time;
and thepterstionl dimevbitha8eestrtl prassiegistepvis controlled so thatithehdtretpseskthe glass blank
for a magnetic recording medium glass substrate is 10 pm or less (within 10 pm) . [0032]

Accordiftf BPAN MRISEHMENR 1PBRIB iR et fetRodest Panufacturing a madieiRMBEERHIAE Phedium of
the first asFect of the present in@é‘ntioi‘]F it is F%referred that the duration time of the second Pressing

step be3RI&CT'E dfﬂgtsfﬁréat%?n Pgt aloyave 618{8 %T ss when the secotHS bergé)s%%l%rt%;g is
Comp'e%r@s@!#&ﬁﬁﬁ@%f&%&%ﬁﬁ’@&é@%ﬂo Df{afyLe which is 10C highgihandiiefiain point of

a glass material forming the plate glass. [0033] Accordingto another embodiment'mode, in the
methodeinRaniiire lirdbgrastingredis, ieardngngadiym of the first aspegbgfdhedyaseativention, itis
preferred that the flatness of the glass blank for amagnetic recording medium glass substrate and the
flatnesstio¢ thve s agoieticy ecdediag fitrediusnpg ssnsolldsirate be substantiatiytthe rsssien 0084 | The
second object including the common object is achieved by the second aspect of the present invention
as follows! TFRaP Eh @Eeeraihey &S SHROLEREH HLPEH Bfthe present invelieE YHEFERREGRIed a method
of manufacturin% a glass blank for a magnetic recording medium glass substrate, including at least: a

press-nfifting e ?ﬁ’é%%”?ﬁ%ﬁdﬂ?gsgqbqlm%8&85@&33 gob with a firs‘frﬁlé%g_tl'ﬂb‘fgoé_ a second
press n’g(?g Oqgggﬁ% fﬁi@ gvf\)/e}ﬁgﬁ(?%gﬁngﬁiet%g&mag%%rH&la direction crossing & glgﬁﬂg%gs\gmch the

molten glass g east the first press mold at least includes: a press d body
having @ argssomaldingyautiace hdiRgoHidaimenghershaving at least the fungiiofsof gnaintaiping a
substantially fixed distance between the press-molding surfaces of the first press mold and the second
press meks (withénpress moldimg, by, when pushed to the side of the second press mold which is
placed so as to be opposed to the press-molding surface, being brought into contact with a part of the
second press id &hich is placed so as to be opposed to the press-molding surface; and the
press-molding step includes: a first step of forming the molten glass gob into plate glass by bringing
the first press rSiPEHIZE 3B GRS BRIEIJSLP &Rl the guide mERABRIAGHIHE First
press maolq asndbt%% %‘?SPQC‘ regstlrgoldcggﬁiri}n contact Wi Qsesach other; and a ust‘?é:t?QF sgﬁpngf continuing
to press, Wigh the press mo dagogy of the |rslgpress mold and the second press mo 8 the plate glass

Wtirt1h therguide Joerphak pf e fishRirrmmald and the second press maldhgingniorRatast with each
other.

time of the second pressing step be selected so tha t the temperature
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[0035] According to an embodiment mode, in the method of manufacturing a glass blank for a
magnetic recording medium glass substrate of the second aspect of the present invention, it is
preferred that each of the first press mold and the second press mold at least include: a press mold
body hayina. 8 prege:malding sudacs: apr agide member having at legsthe fynctipn,of maintaining
a substan{%@%xea adg‘l%tance Eetweeplgtlﬁe prgﬁ-megl]'c%mg surfaces of the ir}it p?ess moﬂ? and the
second guaas R id e Feapressiperdinge Binivienoedshed to the sidegfihe mdiemergssimold which is
placed so as to be opposed to the press-molding surface, being brought into contact with a part of the
other pnessinwld wiaich nsapéace demasytohlkeeptpiposieddo the press-molding surface, that the first step
be carried out by bringing the first press mold and the second press mold closer together until the
guide member Q& first press mold and the guide member of the second press mold are brought into
contact with each other, and that the second step be carried out by continuing to press, with the press
mold body of tHe*RREHIELE AEEHE TRCSIBEIHBRABody DPIREEecond press mbTd, R piste glass
with thengeqilq{??m?mber%f tthe. first E)ﬁess Igrlﬁl( §1nd the gug{? member of thg rsecoggﬂgr%se%lmold being

. 0 an C ass orama . cor m
in contatt with each other, wbr}:%]a Accordingto another embodiment mode, in the method of

manufagyuog delest Riptkeior s tit iReOprlag fpedium glass substraieeatite Begrd aspect of
the present invention, it is preferred that the method of manufacturing a glass blank for a magnetic
recordingomnedidm glassysaubsiiaie nhing segpotcaspanj of the present invendogitsheranclude a
molten glass gob forming step of causing molten glass to fall from a glass outlet and cutting a forward
end portiomaefdanshetejland ot mafionaarslye fidwait) out downward inahefeniekedigéetion. [0037]
According to a further embodiment mode, in the method of manufacturing a glass blank for amagnetic
recordirlfeAiHA H4SY HIB¥PSQ b #9Y/ BWSHd MY ¥EHH the present inveffiof ftGEYteferred that the
viscosity of the m n glass be in a range of 500 dPa.s to 1,050 dPa.s. [0038] According to a
further embodir[nent ode, in the method of manufacturing a glass blank for amagnetic recordingme
dium glass subﬁgg(ngoq)ﬁéhqéegomlg%peg}mggwﬁq%merilﬁioqhét is,areferred that the figst jpress
mold and the second press mold be placed so as to be opposed to each other in a direction
perpendiciHardetthm gitgstism dn drghaihiecmelesrglass gob falls. [0Qp9¢ diumgfeaiging deea further
embodiment mode, in the method of manufacturing a glass blank for amagnetic recordingme dium
glass suibstrate gfabeese ob titkaspeendinthenpi@sahisinvention, it is preferredefleatetti¢hadtthtion time of
the second step be controlled so that the flatness of the glass blank for a magnetic recording medium
glass sUhtRadYie 10eIRP BE NSSETiRAM B0 HESE pHBAB) According t8RfgihéCeMBBaihent mode,
in the method c@nﬁgufacturing a glass blank for amagnetic recordingme dium glass substrate of the
second aspect fo present invention, it is preferred that the duration time of the second step be

selected so thaAya%II&we{gtLgefgmp& p@@og[ﬂﬁ%wpqﬂc}gg' Sﬁgqngestr%gtis completed isgfjlegpt equal

to or lower than a temperature which is 1000 higher than the strain point of a glass material forming

the p|atﬂ1§lﬂﬁ§cturingagIassblankforamagneticrecordin gmediumglasssubstrate
of the first aspect of the presentinvention, itis preferred that the
firstpressmold andthe second press mold be place dsoastobeopposed
to each other in a direction perpendicular to the d irection in which

the molten glass gob falls.

[0022]

According to a further embodiment mode, in the met hod of
manufacturingaglassblankforamagneticrecordin gmediumglasssubstrate
of the first aspect of the present invention, itis preferred that the
absolutevaluesofthetemperaturedifferenceswith inthepress-molding
surfaces of the first press mold and the second pre ss mold immediately
before the first pressing step is carried out be in a range of 0°C to
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[0041] According to a further embodiment mode, in the method of manufacturing a glass blank for
amagnetic recordingme dium glass substrate of the second aspect of the present invention, it is
preferred that the absolute value of the difference between the temperature of the press-molding
surfaceﬂ{dh&first press mold and the temperature of the press-molding surface of the second press
mold immediately before the first step is carried out be in a range of OC to 10C. [0042] According
to a further embgghment mode, in the method of manufacturing a glass blank for amagnetic
recordingme dium glass substrate of the second aspect of the present invention, it is preferred that the
absolute value\ ot tinei tgmperatuner differendasowitém theopeessamidingesturfaces of the firstl podss
mold and the second press mold immediately before the first step is carried out be in a range of 0C to
100C. [omrB]facturipgredpgisiiankiofampaenenstsdirdéht mode, in the GREfbENeT| AfeAURSEtBIhg a glass
blank for amagnetic recordingme dium glass substrate of the second aspect of the present invention, it
is prefeffed SHESAR RSS! QL HHY A TSR tHE press-molding step iB'EARHES SR HRE temperature
of the prgggém%dsiggrgqrfqﬁ% 82 Ef(])e girsF ﬁ)sréa%s rsr}%ld gggethectemperature of (yae \A}:I){e§srﬁrgolding surface
of the sgcondppress Mold be Substania y i sanfn)e, anddtﬁat the molten glass gorb be press-molded
after the press-[r@@idlipg surface of the first press mold and the press-molding surface of the second
press mold are brought into contact with the molten glass gob substantially at the same time. [0044]
According to a Autloediambedienenirmerdes bt method eféenainufaciung a glass blank fescanagnetic
recordingme dium glass substrate of the second aspect of the present invention, it is preferred that the
second B@putasitinugagis shia refamsratiretiof eherglate glass is at leastediund irsssubateatan a
temperature which is 10C higher than the strain point of a glass material forming the plate glass.

[0045] of the first aspect of the presentinvention,itis preferred that the
press pressure be reduced when the temperature of t he plate glass
sandwiched between the first press mold and the sec ond press mold is
loweredintoarangeof+30°Cfromthedefromation pointofaglassmaterial

forming the plate glass.

[0025]

According to a further embodiment mode, in the met hod of
manufacturingaglassblankforamagneticrecordin gmediumglasssubstrate
ofthefirstaspectofthepresentinvention,itis preferredthat,during
the second pressing stepis carried out, one surfac e ofthe plate glass
andthepress-moldingsurfaceofthefirstpressmo Idbealwaysinintimate
contactwith each otherwithoutagap andthe other surface ofthe plate
glass and the press-molding surface of the second p ress mold be always

in intimate contact with each other without a gap.

[0026]

According to a further embodiment mode, in the met hod of
manufacturingaglassblankforamagneticrecordin gmediumglasssubstrate
of the first aspect of the presentinvention, itis preferred that the
durationtimeofthesecondpressingstepbecontro lledsothattheflatness
of the glass blank for a magnetic recording medium glass substrate is
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According to a further embodiment mode, in the method of manufacturing a glass blank for amagnetic
recordingme dium glass substrate of the second aspect of the present invention, it is preferred that the
press pressure in the second step be reduced with time. [0046] According to a further
embodiwe}%rgpgi?#ynﬁiﬁngtmd ofp nufacturing a glas_s blqn_k for amagnetic recordingme dium
glass substrate of the second aspect of the present invention, it is preferred that the press pressure be
reduced when {gemperature of the plate glass sandwiched between the first press mold and the
second press mold is lowered into a range of 30C from the defromation point of a glass material
forming the platecgtagm0@d7h furthecosdibgdore furtherdembodimentemode, in the method aff
manufacturing a glass blank for amagnetic recordingme dium glass substrate of the second aspect of
the predeaniiaehtibiy duie prbianticef theli thie sp@sess of the glass blankRATaARIHMEN Fedordingme di
umglass substrate be 10 pm or less(within 10 Pm). [0048] According to a further embodiment

mode, iff tRETHEIHE] BiahErRIRERiIGG UL BIahIEfor amagnetic recordifidffe RIRIMYRESS substrate

of the sgeond gepech ol e preseLinyention, i prefrred that the flainesg of e glass plank for
amagnetic rec%rdsl'ngme [ ngYass su s&rate be pm or less(within 4 pm) . [68 9ﬁh ccording to a
further emhedilenbedssiRdhs atiod, ph franufacturing a glass blank for amagnetic recordingme
dium glass substrate of the second aspect of the present invention, it is preferred that regions in
contact with at jeaggthe plate glass of the press-molding surfaces of the first press mold and the

second press mold be substantially flat surfaces. [0050]
According to the first aspect of the presentinven tion, thereis

alsoprovidedamethodofmanufacturingamagnetic recordingmediumglass

substrate,includingatleast:manufacturingaglas sblankforamagnetic
recording medium glass substrate, including at leas t: afirst pressing
step of pressing a falling molten glass gob with a first press mold and

asecondpressmoldplacedsoastobeopposedtoe achotherinadirection

crossing a direction in which the molten glass gob
falling molten glass gob into a plate shape; a seco
continuingtopress,withthefirstpressmoldand

plate glass formed between the first press mold and
mold; and a taking out step of, after the second pr
the first press mold and the second press mold away
taking out the plate glass sandwiched between the f
the second press mold; and after that, a polishing
main surfaces of the glass blank for a magnetic rec
substrate,inwhich:atleastduringaperiodinwh

step and the second pressing step are carried out,
a press-molding surface of the first press mold and
a press-molding surface of the second press mold ar
same;inthe first pressing step, the molten glass

the press-molding surface ofthe firstpress mold a

11

falls to form the
nd pressing step of
thesecondpressmold,
the second press
essing step, moving
from each other and
irst press mold and
step of polishing
ording medium glass
ichthefirstpressing
the temperature of
the temperature of
e substantially the
gobis pressed after

ndthe press-molding



According to a further embodiment mode, in the method of manufacturing a glass blank for amagnetic
recordingme dium glass substrate of the second aspect of the present invention, it is preferred that
each of the first press mold and the second press mold further include: a first pushing member for

pushingsah@%%@m&f (?nt&‘&(gé@?{ioﬁ‘a%'ﬁje BPﬂﬁgggﬂjt%‘@ guide member&ﬂﬁc‘llfﬁﬁtﬂ{ﬂ@BST&%“diCU'ar to

the press-molding surface and to the side o er press mold placed so as to be opposed to the
press-making ka6 s MG R R ABD AYEhing: mermaes for, after the first pushinaimersbgiebrings the
guide member and a part of the other press mold placed so as to be opposed to the press-molding
surface datmoantect siith staph othwerrplistiing thetprestianold body in a direatien petpengicidar to the
press-molding surface and to the side of a press mold placed so as to be opposed to the
press-noRfikgfeudataJ0e8a | recordiggortiadid thiesecamstispect of the prekert ihlentionMhefre is
also provided a method of manufacturing a magnetic recording medium glass substrate, including at
least: M&RSAEHINLa glass Bnk for a magnetic recording medium glass substrate, including at least
a press-moldingo%%l of press-molding a falling molten glass gob with a first press mold and a second
press mold placed so as to be opposed to each other in a direction crossing a direction in which the
molten glass 9ok fallgiNe alted Hida ARAISHIE Stemer Relishing main surfaces,of theglassglank for
a magnetic recording medium glass substrate, in which: at least the first press mold at least includes: a
press motddaedyi b ayidgdndr esstnelging ssifecearnst enguide member hawing sidesst tine function of
maintaining a substantially fixed distance between the press-molding surfaces of the first press mold
and themesentipress enolti$pthéepresthaiditinyr o when pushed to then sidle of thessecod press
mold which is placed so as to be opposed to the press-molding surface, beinﬁﬁta)rought into contact

with a p2it St e L8R SHESLah SR WRICH fIBIABEEAYY &Lto be opposed thitfe A astding
S“rface'w%%% ine presspolding Sé‘?%’ ncludes a st sigp of forming the @}%tenaa'gsﬂgoermt? plate
glass by bringing the first press'mo §'553THESECoMA press mold closeratoggt'ﬁer Ot ThE guide
member;of thefirslpress MAIEARY dbe metrAtharRp: Qold are in contactwithirpsihofast and a
second step of continuing to press, with the press mold body of the first press mold and the second
press malgteplateoghiss Witd pher@gide snember of the first press mold and the second press mold
being in contact with each other. [0052] According to an embodiment mode, in the method of
manufacturing EDa#gnetic recording medium glass substrate of the second aspect of the present
invention, it is preferred that the flatness of the glass blank for a magnetic recording medium glass
substrate and theFRAHBELYR MRS AR B FEBIRASY TREAIAM Qlass substrafd® HeAshaeantiady the
same. [0051%] . Accordirég to the second al?. tec% of Fhﬁ present inventicin, there istf rther provided
amethod %%b?é%ﬁ?ﬁﬂﬁ] m&éh“éﬂé%%%ﬁai %rr%eeo‘?u%faincluding at leaSTShERRERGF neg a glass
blank fog @ maghstt EsRoLr e AlATR sbsate, including at leas & press;qualfiag step of

press-molding a falling molten glass gob with a first press mold and a second press mold placed so as
to be opppgathitheachcRbienig meiesiigmstasaing adiggtion in which theanatiessglgas gob falls; after
that, manufacturing a magnetic recording medium glass substrate, including at least a polishing step of
polishing agaiat surézocedi of tine dlassddteasksidr aratagretolietording mediumtiéigsisellssirate; and
further, manufacturing a magnetic recording medium, including at least a magnetic recording
layer-forming step3forming a magnetic recording layer on the magnetic recording medium glass
substrate, in which: at least the first press mold at least includes : a press mold body having a

press-molding A593rUNgAa @ %Uf&é%@?ﬁb@ tﬁg\ﬁﬁﬁsﬁpféﬁg fhe function of maift&hih§'s Substantially
fixed digtapnes E’E?EWSSQ &*ﬁ?%%a%'@%gmg&ﬂﬂﬁg%%%f g, first press mold and ﬁ&ﬁ}&‘ﬁ%‘%ﬁgnﬁ’,ress mold

in the press molding, by, when pu to the side of the second press mold which'is placed so as to
be oppaged e RIesSHARIGIRS: SHHGES I LaBtRkgEt into contact withya pakkieh dheeregnd press
mold which is placed so as to be opposed to the press-molding surface; and the press-molding step
includesnediinst stieys 06 tdrsniag thechditen glasssyob itk plate glass by bringiagsiing ftsppséss mold
and the second press mold closer together until the guide member of the first press mold and the
second piessH@ltRHirgim et AtdenstBodatinahiEst Bhd a second step of&dAtRidiagctd yreesdwith the
press mold body of the first press mold and the second press mold, plate glass with the guide member
of the fiFSEHRERE! ARSE SHRP A ARRUMP PRELRSABIP BGihg in contact willR @AER GRS TO0SA]
Accordiggitgczt\n embp{dimgggn rB'ft’g.r‘? |in the aﬁmg of manufacturing %rrnmatglngti .recogﬂin medium of

o}
the second asboer(':Itno he presentin ear?tsl'gr?, it |sspreferred that the flatness of tahemgqlgss Blank for

amagn%iﬁi@%‘a@iﬂ%rﬁﬂﬁig‘s@@éé;%@é%’ﬁ% Brekthg flatness of the magnele Jecerding paedium glass
substrate be substantially the same. [0055]

press, with the first press mold and the second pre ss mold, plate glass
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According to the second aspect of the present invention, there is further provided an apparatus for
manufacturing a glass blank for a magnetic recording medium glass substrate, including at least: a
molten glass effluent pipe including an outlet through which a molten glass flow falls downward in the
vertical fyiPBeAvRRY Of 2B°8Y HBCEHRIRCEAPMALIA B LPROSed to each, gtk d dfgefon
substantially perpendicular to a direction in which the molten glass flow flowing out from the molten
glass efflueny pipesialisopruheihisides @fing disestigr depwhich the molten glass figwialisdor cutting a
forward end portion of the molten glass flow by being inserted into the molten glass flow from both
sides theresd todarana mheltescglas gois; aothaafirsy presseackd and a secondheressdnakingaced so as
to be opposed to each other in a direction substantially perpendicular to the direction in which the
molten glisRegbdteallasg Srviiriredhatveeeathiedlrairsction falls, on bofssitiels an dtedipeetidn in which
the molten glass gob falls, for press-molding the molten glass gob into plate glass by sandwiching the

molten §I5SS POLHANE VO NAWIAEHEP 4A RAKIFHE [East the first presSHYIPER FET ARG es: a
press mold body having a press-molding surface; a guide member hayjng at least the. function of
et R B R R UL BB8IS, % ress moting ST ST IR HE ress mold
and the sieQMhREGHS AR ihihgresRRnisingmagihen pushed to the side of the gegerd press
mold which is placed so as to be opposed to the press-molding surface, being brought into contact
with a priitbé the secerapiess Mot sviiebdsrplagedesouas, to be opposediielitnyastaelding
surface; a first pushing member for pushing at the same time the press mold body and the guide
memberinagditetiecrpeineiasivufarronastpreddamolding surface and t@thawidd oketrs dagond press
mold placed so as to be opposed to the press-molding surface; and a second pushing member for,
after théi&t BUdAMG AEIRDEN BFIGLBEGHIE HERBSHERH a part of the sBErB PEsEabid placed so
as to bqeoap osed to the pr ss-mo.ldrlknrt]gigé espL]Jirfatcerlnto contact with each other8 é)gﬁglﬂ%tgeecp&regss mold

body in a direc fér}f}paepﬁe'r? |c':ﬂl\évrh {§ résés?rr?glsdlrﬁ% Surface andto the Stl of apress moldplaced so

as to be,onnased Lo hedersinitiaempiace: 09861 According,laa thildaspectqlthe present
invention, there is provided a method of manufacturing a glass blank for a magnetic recording medium
glass sihshate stalesingAduagsHaeidne e obpagss-molding a plate gdass byl idigesityaeessing a
molten glass gob by using a pair of press molds which are placed so as to be opposed to each other
and havdtbelsstamtibine Hsensinaectamptratadéy tireadmoh the press-moldintp steptiprelsgleg continuing to
press the molten glass gob by the pair of press molds until the temperature of the molten glass gob is
equal teBoNEr AR A IEHP SRR PPIRTEAR O LIRSS than a strain poitit Gt YrssUattial forming

the plate gl . [0057 A ding t bodi t de, iti f d that th thod of
e oS BT Bl R s R0 RO et <lase Sl THE SCOENESS the hird

aspect Qi e REESRNTJAYENEAL MESLIRAHE S Rdargng annealing after mainiaiping. @ sigte in which

the molten glass gob and the pair of press molds are brought into intimate contact with each other until
the tempefiblgrpé thadnaienradlass QA isBeeakke geddwer than the strajy peddkafdhResplass material.
[0058] Accordingto another embodiment mode, in the method of manufacturing a glass blank for
a magnetictretendioih anbeilrmglsgtbabkisatd aadcording to the third faspeeigoktiequresing invention, it
is preferred that the press-molding step include a first pressing step for determining a thickness of the
plate gl&%J4HA 83685 piEs8iyiep for imprBVRdea FAHBES B the platelass, and that the first
pressing step and the second pressing step be carried out continuously by using the pair of press
molds. [0059] [0035\]ccording to a further embodiment mode, in the method of manufacturing a glass

blank for amagﬂ%g&%‘?ga%t : '%%%ﬁﬂy%ﬁ?ﬁw%‘d%ﬂﬂﬁe%%?ﬁ%iﬁ‘%FO the third aspecf, 8?&@(@ ﬁ@se”t

invention, it is preferre e press-molding step be carried out so that the thickness plate

glass iszngheridessAarhthediatnesarbareef{dpdQgm or less. [0060hepresentinvention,

it is preferred that the duration time of the secon d pressing step be
selectedsothatthetemperatureoftheplateglass whenthesecondpressing
stepiscompletedisatleastequaltoorlowertha natemperature which
is 10°C higher than the strain point of a glass mat erial forming the
plate glass.

[0033]
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According to the third aspect of the present invention, there is also provided a method of
manufacturing a magnetic recording medium glass substrate, including: producing the glass blank for
a magnetic recording medium glass substrate by the method of manufacturing a glass blank for a

magnetic recorg\ifa%s ﬁ_ﬁd@gﬁg@}{@g&%g rﬂ%cooagjﬂ%gqnt&% 6hird aspect ofdm% gﬁﬁg&hmrﬁntion; and

processing the g nk tor a magnetic recording medium glass substrate to produce a magnetic
recordingrRgB glaainidaAsRian 0RM rstashkesrding to the third arpaeiabiie BreRsNt invention,
there is further provided a method of manufacturing a magnetic recording medium, including:
produciitgihef enagiedichegicondisg tediassigass substrate by the rkietlaoch gh eanedactining a magnetic
recording medium glass substrate according to the third aspect of the present invention; and producing
a magnBRdreasrdisgsaisiiate andlhgitatae ssadthemagnetic recording Ry&CRMTAING BREDUGR forming a
magnetic recording layer on the magnetic recording medium glass substrate. [Advantageous Effects of
InventicHPfS082ySTrate R SHIREE el #if& 38Dt and the third aspect of the present invention, a
method of mangggﬁwring a glass blank for amagnetic recording medium glass substrate which may
produce a glass blank excellent in flatness, and a method of manufacturing a magnetic recording
medium glass syRstatsRIshie SRR ARG RIPagRetic recording rapiygy yyifgkthe same
may be provided. [0063] According to the second aspect of the present invention, a method of
manufastuing aspassobtaslp fesenmagaeticrrasesdmgsmedium glass substiatesywdietd naaygnanufacture
a glass blank with smaller thickness deviation and flatness even when the glass blank is manufactured
using tHe hbazataindiresppiess! trel oy arsthd dhafenbaufaidtering a magnetic reededinig ieeliim glass
substrate, a method of manufacturing a magnetic recording medium, and a apparatus for
manufaBtiiiHL giFaMERYCP AFHS IEPEABI AR BEdium glass subStrate (Y58 8thod of
manufaquring %glsahsastglank er 3mag[r|:18teéq recordingme diurrz)%ll%ss substrate may be E{ovidef:l. [Brief

Descripﬂc')anS of rawings] [dBé _e[f G241 1'8%chemalic sectional view for i ues‘t)raﬁng a part

of the whale.stepg iingogﬁ?a%wm'(%ﬁqagm@%gs'b%mawﬁﬁcturing a glass blapgaccordingdpa first

embodiment of the present invention. G. 2] FIG. 2 is a schematic sectional view for illustrating

anothergzad afdprevdiata Gieps nsthe ans eypoydetebthe method ofgpReuactaneat@ass blank
according to the first embodiment of the present invention.

crossing a direction in which the molten glass gob
leastthefirstpress mold atleastincludes: apre
apress-moldingsurface;andaguide memberhaving
ofmaintainingasubstantiallyfixed distance betwe
surfaces of the first press mold and the second pre
molding, by, when pushed to the side of the second
placed so as to be opposed to the press-molding sur
into contact with a part of the second press mold w
as to be opposed to the press-molding surface; and
stepincludes: afirststep of forming the molteng
glass by bringing the first press mold and the seco
together until the guide member of the first press
pressmoldareincontactwitheachother;andase
topress,withthe pressmoldbodyofthefirstpre

press mold, the plate glass with the guide member o

mold and the second press mold being in contact wit
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falls, in which: at
ss mold body having
atleastthefunction
enthepress-molding
ssmoldinthe press
press mold which is
face, being brought
hich is placed so
the press-molding
lass gobinto plate
nd press mold closer
mold and the second
condstepofcontinuing
ssmoldandthesecond
f the first press

h each other.



[FIG. 3] FIG. 3 is a schematic sectional view for illustrating one example of a falling molten glass gob.
[FIG. 4] FIG. 4 is a schematic sectional view for illustrating a further part of the whole steps in the one
example of the method of manufacturing a glass blank according to the first embodiment of the
present inventi 35] [FIG. 5] FIG. 5 is a schematic sectional view for illustrating a further part of
the whole steps in tlléue one example of the method of manufacturing a glass blank according to the first
embodiment of {ReREESERS MYeM¥Himent nifiolée, & FHEm@ iRy ghematic sectionahvigwtiprilustrating
a further part of the whole steps in the one example of the method of manufacturing a glass blank
accordiagyladhe finsk éonlkzodimgnitof theopdase nidavientigiass [FIG. 7] Fl&ubétisasesohimatic
sectional view for illustrating a further part of the whole steps in the one example of the method of
manufataaong apess Bidhr aceseding venkerirstisramigiment of the presefiethiitionch of  [FIG. §]
FIG. 8 is a schematic sectional view for illustrating a further part of the whole steps in the one example
of the n{gﬁ{H&WﬁféﬁE%‘éﬁﬂ%@%S@%%Qdo%ﬁ?(sé:%%irafﬁg to the first emSGSHEAE BF 1A8 GrEsent
invention. FIG. 9] FIG. 9is a Eé:hemat#'c sectio(pal view for iIIustratila% %fur@errrfar.t of tpe whole

.-mold body having a presSs-m rrace:anda m
steps in the one exaP/r']p of the method o umanufacqurlrggué glass blank accorglng o the first

embodifagsRk HIR RISSEH INEDHRY asubstdRla$P] FIG. 10 is a schemalisi serliomahyisnfor
illustrating one example of a press mold used in the method of manufacturing a glass blank according

to the firsb@nzsdimaedingfsinegpesenhinientinss {0065k

moldinthe pressmolding, by,whenpushedtothes
mold which is placed so as to be opposed to the pre
being brought into contact with a part of the other
is placed so as to be opposed to the press-molding
firststepbecarriedoutbybringingthefirstpre
press mold closer together until the guide member o
moldandtheguidememberofthesecondpressmold
with each other, and that the second step be carrie
to press, withthe press mold body ofthefirstpre
moldbodyofthesecondpressmold,theplateglass
of the first press mold and the guide member of the
being in contact with each other.
[0036]
Accordingtoanotherembodimentmode,inthemetho
a glass blank for a magnetic recording medium glass
second aspectofthe presentinvention,itis prefe
of manufacturing a glass blank for a magnetic recor
substrate ofthe second aspectofthe presentinven
a molten glass gob forming step of causing molten g
aglassoutlet and cutting a forward end portion of

continuously flowing out downward in the vertical d
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[FIG. 11] FIG. 11 is a schematic sectional view for illustrating a part of the whole steps in one example
of a method of manufacturing a glass blank according to a second embodiment of the present
invention. [FIG. 12] FIG. 12 is a schematic sectional view for illustrating another part of the
whole steps in HLS e example of the method of manufacturing a glass blank according to the second
embodiment of the present invention. [FIG. 13] FIG. 13 is a schematic sectional view for
illustrating one gxgsr@iRLf 8 fallingrineitesnalRzs 8o model[FIF- tl ke 14 is a schemgdig sgctional
view for illustrating a further part of the whole steps in the one example of the method of manufacturing
a glass blankfaccoriag|ts thia skiommlagméidoaisnentiof the present ingerdibomglasss[fH&atb] FIG. 15 is
a schematic sectional view for illustrating a further part of the whole steps in the one example of the
method Wt hesinsrdaing of gf48s PranREdevedingdtihe second embodifriigf o ekt edint invention.
[FIG. 16] FIG. 16 is a schematic sectional view for illustrating a further part of the whole steps in the
one exafisRsHy M HREIREA B AR &MY aYRRE blank according BRASLBLRPERBGYIment of the
present inventi§&3 [FIG. 17] FIG. 17 is a schematic sectional view for illustrating a further part of
the whole steps in tﬁ]e one example of the method of manufacturing a glass blank according to the
second embodiest @hihepresantiRENERBbodimentFiGodd] G isi& schematic sectiggalpyiew for
illustrating a further part of the whole steps in the one example of the method of manufacturing a glass
blank aecandiag tiriggacepid eitadigastiofdhe giresent invention.gmedifigladSubEerald is a
schematic sectional view for illustrating a further part of the whole steps in the one example of the
methoddtinesansieictaing et gfdbs biankridevedinentdtthe second embodis@efefr diktpredent invention.
[FIG. 20] FIG. 20 is a schematic sectional view for illustrating one example of a more specific structure
of a pre¥EShRSRFHERIdR IdNRERFON DPRERTTARSRI2E Glass blank accRfRF 0 BfePBRESRE

embodlpaegatlcchf tt}ﬁﬁr%sgn i}ré\é%gt[]g)qu%rggndi@% 1h|]:ICé. 21 is a schematic sectional vrllr-lzv%lllustratlng

another example of the press mo i the Thethod of manufacturing a 'é?é:st'soglénnigacccording to the
second tﬂ@mﬂ'{@\?ﬁﬁﬁé%ﬂrﬁ%m invention. [FIG. 22] FIG. 22 is a schematic sectional view of a
press mold used in"Comparative Example Al.
[0039]
According to a further embodiment mode, in the met hod of
manufacturingaglassblankforamagneticrecordin gmediumglasssubstrate
ofthe second aspectofthe presentinvention, iti s preferred thatthe
duration time of the second step be controlled so t hat the flatness of
the glass blank for a magnetic recording medium gla ss substrate is 10
um or less(within 10 um).
[0040]
According to a further embodiment mode, in the met hod of
manufacturingaglassblankforamagneticrecordin gmediumglasssubstrate
ofthe second aspectofthe presentinvention, iti s preferred thatthe
duration time of the second step be selected so tha t the temperature
of the plate glass when the second step is complete dis at least equal
toorlowerthanatemperaturewhichis10°Chigher thanthestrainpoint

of a glass material forming the plate glass.
[0041]

According to a further embodiment mode, in the met hod of
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[FIG. 23]FIG. 23 is a schematic sectional view of a press mold used in Comparative Example A2.
[Modes for Carrying out the Invention] [0066] <First Embodiment> (Method of Manufacturing Glass
Blank for Magnetic Recording Medium Glass Substrate) According to a first embodiment of the

present j v&nﬁg&éﬂgg@%%%ﬂ (Iiaﬁ] %tmgggggﬂﬂufacturingaglar%ﬁ Jﬁquﬁ radr pgttéc recording

medium glass s ereinafter, sometimes reviated to as " e‘t%od 04 man?%%tunng a glass
blank"), dngluding,atIeastadialdprssingistamab Rrassing a falling moltey,glass aomuithe first press
mold and a second press mold placed so as to be opposed to each other in a direction crossing a
directioalsouhich\thie enalte rhglasisfg odntall shietficram thedallémgpaaolten glass gob intoea platéshape; a
second pressing step of continuing to press, with the first press mold and the second press mold, plate
glass foPhesd-braldétth IRE st Prews indld eass theldedohd press mold; andhg KRS Gt s2eqf of, after
the second pressing step, maving the first press mold and the second press mold away from each
other alB&&KkATS UL HE EHE AL LR GRFONEPHRIR BN ne first press mBISHRIRY g&éﬁ'ﬁd press
mold, in which; at least during a period in which the first pressing step and the second pressing step
are carrrklre]:?:l g{f‘t’[ fq}g%ptelsrn(i)aerrré?urgﬁ(fabae dpegsr-%]gﬁjié}gosgface of the first preséo%gléi and the temperature
of a press-molq't;&gyrface of the second press mold are substantially the same; in the first pressing
step, the molten glass gob is pressed after the press-molding surface of the first press mold and the
press-molding suidacgiaf the sechnchpressnmotinasatbinagbt into apntacéwith the moltenglassigob
substantially at the same time; and the duration time of the second pressing step is controlled so that
the flatress Whitiergigss! dishlaisioiapragneiege ¢aithin 10 pm). The "wmgdistiagtesssdirrjratedium glass
substrate” as used herein means a glass substrate for a magnetic recording medium formed of

amorph8US GRELTBEEPECt Of (P e FREHBUES A tifacturing a glass bRPIEEIEBHIIY tB&he first
embodiment, in the first pressing step, simjlarly to a case of a conventiongl press method, a molten
s oo L e o e AT R g than a Subir o6 SeS T LES materal
and whigh js hald in-anirasie defRpiahla siatseisoiesred to be formed g Rlatesbange iere, the
molten glass gob is pressed after the press-molding surface of the first press mold and the
press-msdebing sigfmes ofdpessesond wessdnald asadyought into contact withahe alterrglass gob
substantially at the same time. In addition to this, during a period in which the first pressing step and
the second preE¥§istep are carried out, the temperature of the press-molding surface of the first
press mold and the temperature of the press-molding surface of the second press mold are
substantially th8 SSHENThteforéU BBE sEMACEEHIthe™ERen Blad® g8 ivhich is being fiffhe®f into a
plate shape in the first res%jln% tep and both surfgces of the plate glass, san wicheg between the pair
presd Wﬁﬁé&?&‘

of press 8&]3 GhHfh I&?ﬁ a%%t'&%‘iﬁ{ "to be cooled a|v955?sd§ Waltﬁerefore,

comparge Witha Ga5e P HEIFRl AYRINERS AR YN CH @ molten glass gobyip, as8iale gf fiaying a

viscosity distribution due to contact with a lower mold for a long time is press-molded, in the method of
manufasEngudi 8lpses Blankiacericing dp taedirsb rRimgostiment, almost no dempesatieE slitference is
caused between both the surfaces of the plate glass after being press-molded, and thus, deterioration
of the flatrgsmpaeato termperatpresdifiereticg betfeeerobotle the surfaces mafyrbemeppresded with
reliability. [0068]

and the temperature of the press-molding surface of the second press
mold be substantially the same, and that the molten glass gob be
press-molded after the press-molding surface of the first press mold
andthe press-molding surface ofthe second pressm old are broughtinto
contact with the molten glass gob substantially at the same time.

[0044]

According to a further embodiment mode, in the met hod of
manufacturingaglassblankforamagneticrecordin gmediumglasssubstrate
ofthe second aspectofthe presentinvention, iti s preferred thatthe
secondstepcontinueuntilthetemperatureofthep lateglassisatleast
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On the other hand, the plate glass immediately after the first pressing step is completed is at a high
temperature and has high fluidity (low viscosity). Therefore, the plate glass is in a quite easily
deformable state, and thus, in a state of being liable to deteriorate in flatness. However, in the second

pressing (ﬁ%p%gvg}i%wgr% '§qe% ﬁ}é@ﬁgeqﬁﬁc!&wst%t@ first pressing Stﬁ@’h@ﬁ rpalﬁcﬁv %]%stﬂ rform ed

between irst press mold and the second press mold continues to be presse e first press
mold anghthe stes ek Bresidnaldornicy e dwatigntige of the second pressing step is controlled so
that the flatness of the glass blank is 10 pm or less(within 10 pm). Note that, the duration time of the
second pressin@sts) is preferably controlled so that the flatness of the glass blank is 4 pm or less
(within 4pm). In consequence, the flatness of the produced glass blank may be improved. Note that, if
the duration tirRceftABgetond prethfig sepodisifdtt, siasia. die theisiigbance is causeldd tieé plate
glass in the process of being cooled, and the strain deteriorates the flatness of the glass blank.

TherefofHEGHAREM R THE BRAHE ey tep is changed SREHLTRESBHR B Rained glass

blank is rﬂ%asured nd ba,?,elet on the reiult the duration time of the second res%:t}gﬁ]iﬁg is set so
a :

i he pr. / . .
that the Hatness 13 (?Sp%%rolesse(\?vrl iR ”E?n'} and the glass blank is maRuracture owever, if the

duratioryfiag pfdbs $eGANHPLIINE StEp IsetPadend theHProductivity is redyged. It follows that the
duration time of the second pressing step should be set taking into consideration the flatness of the
glass blank andabegproductivity. From these viewpoints, specifically, it is preferred that the duration
time of the second pressing step be in a range of 2 to 40 seconds, and it is more preferred that the
duration time of\ttv@gloondoprassitithste s b adnenrigenold2 toid0tsecanels. [0069] Fadher, in
order to control the flatness of the glass blank to be 10 pm or less (within 10 pm), in the second
pressind & at i PR arsPPKRISRAPTRIARE Y ation time of the ¥BEHHHTSIESSHHY &S %e selected
so that t %q%atecglnadss cont[ilgyﬁ]s to be pressed until. the temperature reachresf arange in which the

fluidity of the f)?ate glgg 9§85t and %Sé?g}rwgﬁgﬂ?ﬂé'rtéof becomes impos%i%l% In e#ecf’.l Itrp?his case,

with a sfate in yybich, fhedefrnatan g dheplaie glassimmesitely after the complgtionyp{dbe first
pressing step Is suppressed being maintained, the plate glass may be solidified. In consequence, a
more exeelanichatnessaddha s atyepdeglassoniaakanay becobtained. Heres thepeekatinsldinie of the
second pressing step is preferably selected so that the temperature of the plate glass when the
second Ipressidy sta@ig) eohpléEidamigualitoroatiower than a tempeitucdaglaistriste@@l higher than
the strain point of the glass material forming the plate glass, more preferably selected so that the
temperdflifei ¥ 5841 8P |B%er than a temperature which is 5C higher than the strain point, still more
preferably sele (ﬁ% o that the temperature is equal to or lower than the strain point. On the other
hand, the lower Timit of the temperature of the plate glass when the second pressing step is completed

is not specificaljy. ligyticel; it ToR e VewRIEHAL SURREARSING refuCtipl) of the productiyify dye to

prolonged time necessary for carrying out the second pressing step, practically, it is preferred that the
lower limih Rer geruaiigagrakignen eaihihgraitrir aniain Therefore, it is greieiing Mxkstigsuaper limit of
the duration time of the second pressing step be also selected from this viewpoint. [0070] In the
methoddittinesrmefacdur apg et gfabs piankracooedingntottihe first embodimerstp et fierasti duirig ehe period in
which the first pressing step and the second pressing step are carried out, the temperature of the
press-niBHIRGSAlIge 8RN KI_taTa88 $HETE Eiflithe temperature offRE PHERS AABHIPE 'Aifface of the
second press mold need to be substantially the same. "Substantially the same™ as used herein means
that the $ba81uB V0P L Hifdnce betiBbn the temperature of the press-molding surface of the
first press mol he temperature of the press-molding surface of the second press mold is 10C or
less. The absolute value of the temperature difference is more preferably 5C or less, most preferably
equal to 0C. HexgeayhRriy atempealaiHEe distiddior @Xigte ydthin apeessdnolding surfacep e of
"temperature of the press-molding surface” means the temperature of the vicinity of a central portion of
the pressamofdingrauydg e shiatektbiain fgmidwicsada dihreference, in thgwedicaigthrestprasstenethod, the
absolute value of the difference between the temperature of a press-molding surface of an upper mold
and theaklimpeesrire aFReprESHMDIERRY SIMABE BT & lower mold when asROfERT§AkRGBI® is being
press-molded is, depending on the conditions of the press molding, generally on the order of 50C to
100C. [H87A§SSOthPIRRSRIZD HRIEIRG LS 3R HBIten glass gob is PRASLRE GRS SHE PY&LE-molding
surface og tlpe fiﬁtdgrpesss Q/’lvﬂwrc’flqd the press -molding surface of the second press mold are brought
into contact with the molten g'ass gob subs antially at the same time. "Brought into contact
substantially atH §pme time" as used herein means that the absolute value of the temporal
difference between a point in time at which the molten glass gob and one of the press-molding
surfaces are bragghitdinig aontactyviticeash btiiemand anpaiet imtinte atghich the moltenrglassgob
and the other of the press-molding surfaces are brought into contact with each other is 0.1 second or
less. The absolute value of the temporal difference i more preferably 0.05 second or less, most
preferably equal to 0 seconds. Note that, for the sake of reference, in the vertical direct press method,

time taken for the molten glass gob to, after being brought into contact with the press-molding surface
of the lower mold be hroiiaoht into contact with the nrece-moldina <rirface nof the 1inner mold ic



[0073] It is thought that, from these circumstances, even when a glass blank is mass-produced
using the horizontal direct press which is a press method similar to the vertical direct press in that
press molding is carried out with a pair of press molds, to move the first press mold and the second

bress mg ﬁY&%Yufﬁ%%@%ECQIP%ﬂ%%% NeficPOsRiple and to take O,%thiﬁ) ?a%ﬁ@lﬁ'}gt%x”eme'y

important, because t Itates an attempt to accomplish, after a en glass gob is formed into
plate glasslath e fsedustidr enchihe inprevegment of the flatnesgpf tbe dlassuldigidqsTherefore, it
is thought that, when a glass blank is mass-produced using the horizontal direct press, carrying out the
secondipressiagt step in whichh eyt afiersa nfoltepglass gob is formed istonpladiénglassiaidwesplate glass
continues to be pressed until the temperature of the plate glass is equal to or lower than a temperature
which i® 1€ highriesfam elbasdd e s6ier NI ressume it Bignificant reducBsw bstivetiprydifdtivity of the
glass blank, which is not practical. However, intensive study of the inventors of the present invention
reveale§4H8ESR the horizontal direct press, even if the second pressing step was carried out,
reduction of th(idtggg]uctivity which was significant enough to impair the practicability did not occur. The
reason is as follows.’[0074] First, in the vertical direct press, after the molten glass gob is placed
in the lower mold,carassgMlding s garrieshmBathereargddie molieh glass gob having anyiglens
temperature distribution (viscosity distribution) caused by the contact with the lower mold for a long
time is neguiiecttorbe@essunolikectwiibeapasdmold and the lowgnhewlchyitiest failr £ the other
hand, in the horizontal direct press, a falling molten glass gob is press-molded with a pair of press
molds vticle saeeindels peetfeilimgpresies iglessigobit Therefore, the moltsprglass gdtatemsinot continue
to be in contact with one press mold before the start of the press molding. As a result, the temperature
distribufbr&iEEIELaRstRBIfiIBAY P eheeHTIHE R'GESE9Hb fat the time of the'$tART P BhedSreds molding
is extremely uniform. Therefare, in grder to stretch eyenly and thinly molten glass gob ress
moing 13 PR et RS S e 22de by the horizonERSEe BOLBah the
v_ertlcal Qlllr@ﬁji@é%ﬁ&e qﬁggﬁgwﬁlg,&hg@i\@{aggp@m%@mm of the_ molten@gﬁgi%g_|m6%ﬁ/§:rtlcal
direct press is required to be set to be higher than that in the horizontal direct press taking into
considesatier éhaa desipesaderss distinetipre o6 the dpedten glass gob. Thesataras tbedliigwsnee between
the average temperature of the molten glass gob and the strain point at the time of the start of the
press nmoldiegnretsenveldical dirdat presslis lsegendhaunstiiagin the horizontahdinelee pfessafTdis fact (first
fact) means that, in order to cool a molten glass gob which is formed into a plate shape to a
temperdfFBraF8u A b BITSRPARS DY SOt AP B8 AS of the molten GER3THRIBNERITRE plate glass

th ' th f the horjzontal direct dinth thod of th tical
Girect pRLSE B SUTAG 9 B o BRI oA EhBHSF e m e horiASHAY HAULIRTBL than in the

vertical dact PLess. d30A ner, PURRRRE (})%%‘%lﬁ%’@&ity of the preswglg iimilgy irespective

of the press method. Then, the cooling Speeds of the molten glass gob and the plate glass are
determipeghbb) dhei tenmperatyre £f e daig of prassdnalgstwhich are broughtist@ecomigstesgh the
molten glass gob. More specifically, at the time of the start of the press molding, the cooling speed is
increasetbwhela @ pressimuldatep [owddmpératpress-usadirwhile the coolingspéeckis reduced when a
press mold at a high temperature is used. Here, in the vertical direct press, the lower mold and the
molten glass gd®°&H in contact with each other for a long time until the start of the press molding, and
thus, the lower mold is heated by the molten glass gob until the start of the press molding. Therefore,

in the vertical dit&EPHPARG B FESES W&ﬁﬁfg% SEHETWRN Bne of the pair of I8 i8S (the

lower mal I [ e [ d fact) means, it easy to
increag]egt Lyc?eﬁ%negfosa%%eggfgotb (t{gee fnﬁﬁﬁ[ﬁénr? %‘?ﬁs@@o%a%?& %?e plate glass #?Eéﬁ@rﬁz%ﬁrﬁt%@ gﬁqect press
compargh ¥4t thecaseiatibe veyticakdikechrresaciOA8] Taking the ahpyespetionsd two facts
into consideration, it is clear that the time necessary for cooling the temperature of the molten glass
gob whighniagornedredordiptate shiape toastesyiaratiuee arolrnd the strain poiintgnaly leasnare
significantly reduced in the horizontal direct press than in the vertical direct press. Therefore, in the
horizontledetoptes s @renf P tRBSSBIAN @ i SIMPIRPR carried out, reduiétidssafabavproductivity
which is significant enough to impair the practicality as in the vertical direct press does not occur.

[0077] first RigsHHBAAEY meFRracarfws A GIIRIHEA According to the AFSCRMFRARTSS Bescribed

above is nat s&ecifica{l},y limited. insofar as.at Ic?ast the first pressing step, tﬂef\ secand nDriessing step,
ea& otherina rectlonfrassmﬁa rectioninw i hC hemaq|te asSsS .
and the taking out step are included therein, but, usually, it is preferred that a molten 8Iass gob forming

step bed'%'%%q érh%rgffb_r-qhﬁt,r%siﬂﬂ%h’lﬁ{lg%ﬁ 8?999””9 the mo!ten glas%g%fmqmg@ﬁgﬁﬁ@re ,
described in more detail in the following. Note that, in the following description, description of points

already slererirassahanie isremitigd efr&3jording medium glass substrate, in
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-Molten Glass Gob Forming Step- In the molten glass gob forming step, a molten glass gob with
regard to which pressmoldingis carriedout is produced. The me thodofproduci ng the molten glass gob
is not specifically limited, but, usually, the molten glass gob is formed by causing molten glass to fall

from a gx'@?&‘?%‘t'%i‘&déﬁ&qm_Brfe0§¥vﬁf6’|§%? I%%%I‘Iﬂc%_a molten glass flow gantnyously figwing out

downward In the vertical direction. Note that, in the cutting which is carried out so as to separate from
the moliggyglass Aowhe fonvasshgrd pecionthargel@pair of shear bladgsRayikg 41$68stThe
viscosity of the molten glass is not specifically limited insofar as the viscosity is appropriate for the
cutting ofi¢tierforward eadhpartion asddsratieapyebseolding, but, usually,istis pedierreskthaiethe
viscosity be controlled to have a predetermined value in a range of 500 dPa.s to 1,050 dPa.s. [0079]
Next, a BiRESfi0 @diraple Gegrombhénsyriss yoblfeiting step is describieisercaitsterdsti alkth
reference to the drawings. In the molten glass gob forming step, as illustrated in FIG. 1, a molten glass

flow 20 {8 ELREF Fo o\ Boit RonHRGB RS HAVAVAFFIAGIfE vertical directidiFotRc? §faREStlet 12

provided af FII\}V%IIQ\HV%quQ? e%ogg%r% Fg glerr(l)olt%n a]ﬁheefﬂuent pipe 10 Who%% W@%Enegngur?%]réig’n is
0 g a portion lower than the

connected to a molteR glass supply source (not s owr%r.eOn the other hand, a
glass oulet 4 2.& st ishe abhiade dlawenside Plagdeksgand a second sheap hladeqdiargs;side blade)
40 are arranged at both sides of the molten glass flow 20, respectively, in the direction substantially
perpendicplatéa aceniral 8xi®phovbichdstieepialisordireciipn of the molten glassciow e lower
side blade 30 and the upper side blade 40 move in a direction of an arrow X1 which is perpendicular to
the centred $5xi® Ockimgl stéiictn idufdesi a fefitsitptofdaighn side in the figure, @ttkimaltiregténs of an
arrow X2 which is perpendicular to the central axis D and which is from the right side to the left side in
the figuB®Fd3ieRtREN? | F5ErRHP HPRHOA LAY AL BIR=TdONd portion 22 side! 8RR HiBIRGTYMESs flow 20
from both sides q(fjthe moltene%aesrs fr|1?i\fvt 0. N.OJS tha}h the viscosity of the T)&tgq E%Iass flow 20 is

I
controllg(ﬁeﬁﬁ éna‘fustclrll%sﬁwret?gmpera Gres of the molteh %‘fe{sos effluent pipe 10 an te'or%edcl?en glass

supply $euiEe MWIRR SeUBREGRRLIRISAT IR08UontaciitRer the lower side,plade, 3 apd the upper
side blade 40 have substantially plate-like body portions 32 and 42 and blade portions 34 and 44,

respect@dyntiseblede portionpSdransl dh aneepiewsied on end portiomsides @f hehbaekt portions 32
and 42, respectively, and cut the forward end portion 22 of the molten glass flow 20 continuously
flowing pressonaidand ih ¢rse vendgaledisaction freta gaisegtion substantialtly therpeddindariterthe
direction in which the molten glass flow 20 falls down. Note that, an upper surface 34U of the blade
portion 84 RAHTSIBIRES Siptd AP AL SEAR BRIGS DBYEGP 44 each have a@iigdaEE WUBStANifally
coincident with a horizontal plane, and a lower surface 34E of the blade portion 34 and an upper
surface? 8%'?%‘ blade portion 44 each have a surface that is slanted so as to cross the horizontal
plane. Further, [@6‘5 wer side blade 30 and the upper side blade 40 are placed so that the upper
surface 34U of the blade portion 34 and the lower surface 44E of the blade portion 44 are substantially
flush with eachadberaiithttespesh ke dhpamrticrldireeiemd@PSd b Next, as illigHatgetinifiG. 2, the
lower side blade 30 and the upper side blade 40 are each moved in the horizontal direction so that the
upper sarfegm84tiret thei béade ghonigia 34 sad tized owbesurface 44E of slee Midde partioitizel are
partially overlapped substantially without any gap by further moving the lower side blade 30 and the
upper sRI€fatievietiniait IReedineetdhastiied! aféw X1 and the directionbfiB& &geRi o0k
respectively. That is, the lower side blade 30 and the u%E)er side blade 40 are caused to

I

perpend AP RAOBLE R FURE A SULBHIRESS HOSHE T Ower side bladd M0 ARG BKer side blade
40 pen int I fl 0_unti chi icinity of the | axi ereof, and
the fo rﬁﬁ%ﬁé?é%%}%%@%?%%ﬁ? Zns %M%{ms%)Itse&:jlrrlB %Hz{?s% ggc%g%?%gving asu bsta?rjl?[%tﬂg ts?pl)%%é)gﬁshape.
Note that, FIG.[3dkugtrates the moment when the forward end portion 22 is separated from the body
portion of the molten glass flow 20 as the molten glass gob 24. Further, as illustrated in FIG. 3, the
molten glass gl 24r dunigftonthihe enolieragiass tiow @ faster ifalls to adownwardIitisidetieithe vertical
direction. [0082] -First Pressing Step-

isfurtherprovidedamethodofmanufacturingamag neticrecordingmedium,
includingatleast: manufacturingaglassblankfor amagneticrecording
medium glass substrate, including at least a press- molding step of
press-molding a falling molten glass gob with a fir st press mold and
asecondpressmoldplacedsoastobeopposedtoe achotherinadirection
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In the first pressing step, the falling molten glass gob 24 illustrated in FIG. 3 is pressed with the first
press mold and the second press mold which are placed so as to he opposed to each other in a
direction crossing a direction in which the molten glass gob 24 falls to he formed into a plate shape.

Here, it é§#rsqgfqrrgegi];g@{jm]ei }‘]ir h&ﬁ??ﬁﬁﬁ&%&ﬁ“&dﬁ?ﬁ %%%ond press mold h?ﬁlﬁc%c ge??h%ﬁ to he opposed

to each other i Irection substantially perpendicular to the direction in w the molten glass gob
24 falls @ Rgr iR fanimyad Aag eetica sapasff Rl dearepadsdegree, and it is pagiculadiBreierred that
the first press mold and the second press mold be placed so as to be opposed to each other in a
directioatpesgeag@icusaiig shepdifeotichimgwihiohstinéarwlten glass gob 24 dallsh Byl ptadianthe pair of
press molds so as to be opposed to each other with respect to the direction in which the molten glass
gob 24 falls i thiggRayicit is aMHEofatiREied t@[Ress SHESHBIRN Raiss gob 24 eveflly fwdtiveoth sides
to be formed into a plate shape. [008636]_ Further, the temperatures of the press-molding surfaces
of the fif8RPHREIHBIA HRALABIEESRIPHERERBIY ifElfhtely before thedHHERPIREMAG S is carried
out is prr%fgracsjl%ﬁg.ug#_tf% or.Iowetr thgpfa temperature v¥|r(1:ich is 10C higher thargothe §train oint of the

or rming ste ormin magne reco ng layer on
glass materia rm?ﬁg the motten Slass grc];'k'J 4a Mmore preferably equal to oF fower than a emperature

which igmCighetithan &heisy aie Mot phReglisssraigrial forming the mglien.glass oek 24. By
causing the temperatures of the press-molding surfaces to be in the above-mentioned range, fusion
betweeri i rexsiten ¢lasa ik dd v tbeprerbonolding surfaces inyiveypress e3eldiagdmay be
suppressed with reliability. The lower limit of the temperatures of the press-molding surfaces of the first
press nslcfagri dng sacoehel peasisamivid iimraddiratipdiefiore the first presing stepais@aniieglout is not
specifically limited, but, from practicalviewpoints, that is, in order to prevent a crack in the glass blank
due to rAiRSSRNHE! b e hiYRE 6288 YGRS AN SRS P prevent significANEAUERGA DPihe
stretch%i{lﬁitx{g{ the molte(j*uq%laas”gob 24 d(ljle to rapr;g Iincrease of the viscosit‘){ in tQ(Se R}rel%f? molding,

r 0

andthe like, | |s%rr%sftserrpeo Hatthe jower im rt()aéséquaflt'onotr higher than thehs i pom? e glass

material,foriag hesmalten @lass:305: 24, [908H S prther e absolute valug gitbg diffesepge between
the temperature of the press-molding surface of the first press mold and the temperature of the
press-m@Jdisdsudansh ot Hietsanens @sesadnnkisuradiately before the first pgassogrstands carried
out is preferably in a range of OC to 10C, more preferably in a range of OC to 5C, particularlypreferably
0C. In tentasewttnpeeatnictoifferencd peasseo bigtwbarh both the surfaces @i dlee pieaglass which is
formed into a plate shape by pressing the molten glass gob 24 may be suppressed with more
reliability® #RPA8e4 ks UNE tRESARIAKYS Rty WERRHEI MR Ved. [0085] THtMedtAg alsddlute

I f the t ture di ithin th -moldi f f the first Id and th
Sacond PO IRERSISY BB HRHED JEStng tep i carriod SUPLHBIBIAOY T a range of

0C to 1006 AIG RETRIBRNC LA IA00G AL QS ARAG particularly preferably QG &y, GaHsipg the

temperature distribution within the press-molding surfaces to be in the above-mentioned range, to
stretch aweniiend dbinlyHbe noelkrTiedagsgamftignde press molding hacosass dpitbes marier. As a
result, even when a glass blank having a smaller thickness is manufactured, a glass blank which is
excellerarmiflatnesst et dashsiedleatbickaess dgeigtion may be mord easilywbgameesklote that,
"temperature within a press-molding surface" means temperature measured in a largest region in
which tWeprEssRTRAGIALY SUPREE HiiE HE ThBIRSS Jedd 8Bb 24 stretched indd REHIBE BARESSre in

contact with each other in the press mold&aﬁﬁgOO%% Next, the first pressig%step is described
11

more spRRIfCAIR SR SEILIEHEE 'R BP: 8" #%di"the molten glass (B 22 TRIGARENR FIG. 3
comes firs 5 0 r old 60 which are placed so as to be
opposegg'[%lggggh?gt%ﬁeﬁﬁjg |re(§38n98%e?§ce?1\§ﬁ:%£%§ tiﬁe?e irection Y1 in which the molten glass gob 24
falls as illustrateshisyl-IG. 4. Here, the first press mold 50 and the second press mold 60 before the
press molding is carried out are placed at an interval so as to be opposed to each other in a direction
having line synxaetndinighoespecitiodimd menperdioulas todtretaliing direction YimBhefadiuring
synchronization with the timing when the molten glass gob 24 reaches the vicinity of the central
portionsAif aBBeajEReH diritied bMekRse ¢nedasperdob0 and the seched HRRLIMAABD) the first press
mold 50 moves in the direction of the arrow X1 which is perpendicular to the falling direction Y1 and
which id¥BRRIESIRAIENR RS RIS TR #ke figure and the seclPPRARSHIBRIFBE REves in the
direction of the arQw X \@/ itch IS Qﬁéﬂendicul (0 the falling direction gtlcand which is (f]r.um the right

h
: d t t
side to {HS%H Side in the {Suerg i order t%eg?gss-r%naﬁ]gtrﬁe molten glass gljoi)e(écé)lr ')p%pé%s:ng from both

sides. Nig thatptheareaydng it rfihs tinst §xpss mold 50 in the direction of the arrow X1 and the
moving rate of the second press mold 60 in the direction of the arrow X2 are set to be the same or

substantially thppeaBsje.
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[0087] Here, the press molds 50 and 60 include press mold bodies 52 and 62 each having a
disk-like shape, respectively, and guide members 54 and 64 arranged so as to surround the outer
peripheral ends of each of the press mold bodies 52 and 62, respectively. Note that, because FIG. 4 is

a cross-sectiongkg&q\q/m ?og[lﬁig% 5%8%]?2%% 55‘2" r?jjlztﬁ%ﬁp%% (9{{:%4? as being positior}ﬁ% gntpg;g the upper

and lower sides of the press mold bo espectively, in FIG. 4. Further, drive members
for movigghedrgssvineld 29 ipHaeLirestipmahthaatrang X1 and for moving ghesprses igmber 60 in
the direction of the arrow X2 are omitted in the figures. [0088] One surface of each of the press mold
bodies ahanddit servas aprpessnyalsing sitrtaeca ddA and 62A, respegtivielysFamibaenn FIG. 4, the
first press mold 50 and the second press mold 60 are arranged so that the two press-molding surfaces
52A and82a ¢Alteesdchnstiee! dinthen thalgliibeow@melr 54 is provided with & guitiersgihsse 5 4A,
which is positioned so as to project slightly with respect to the press-molding surface 52A in the Xi
directiof{ 4RSI NBBE 88 LGS HUGEH Wit AYuide surface 64A, WRIGIRApBAEETed so as to
project slightly with respect ta the press-malding surface 62A in the X2 direction, Then, the guide
surface %g egnsé) t%sé%u‘%geogﬁﬂgggpt&iagrﬁrﬁ%Fr?t(')nc%ﬁgaec% with each other“z;?tntﬁg |sr$11aen%? E¥ess molding,
and henge sgar iR dPrmnes RetvesR Wit dRreRsHBRlng surface 52A anddbermgsrmAling surface
62A. Thus, the thickness of the gap corresponds to the thickness of the molten glass gob 24 molded
so as tafeavehaplatersfiapediyging resssronlsed between the first piiess onold &eandithe second
press mold 60, that is, the thickness of a glass blank. Further, the press-molding surfaces 52A and
62A arerfarheltse thaltewlgéas tHeopréadts nioldindfsoep is carried out so tHar s hemleeroiass gob 24 is
completely extended by pressure in the vertical direction and is molded into a plate glass between the

press-nfSIHIRgEUALE B GMHY MeNSrEeARAd B0 H the press-molding'SliFA&68 Aldthe second
press mold 60, at least region olten glass stretching regions) Si and 32_in contact with the
above?}rﬁgm%ﬁteﬁdsb?z Sé%]larsesofnt{gil%rﬁqo %ﬁgﬁ%rré %r%soﬁ%rk})g surfaces 52A aid QE' ffc')?rr%r%ss“?ubstantially
flat surfagg 4 Nate 4hat dndnsrexampla fidetated i FBesbgpe whole part obtheipressrnapiding surface
52A including the molten glass stretching region Si and the whole part of the press-molding surface
62A inclyding ihgigrokepgiattalreishiea draien @2tRach are a usual flat syréaee Whoasieurvature is
substantially zero. Further, the flat surface has only minute irregularities which are formed when usual
flattening erockssiogsssidl faiting polswagdpnabessinidg or the like is appietracttn fiatls, of
manufacturing press molds, but does not have convex portions and/or concave portions larger than
the minGfeRipfeqItesRIShpdisegtion intHai¢id88 BIAkRNs produced by pred@sidiahgse fiolten glass

b24b b th -moldi faces 52A and 62A. Thus, the surf h f
the predSROIAY UHAELLUER dlrsIRCARPREEAIAER roughness of tHd R SLFEBLS the glass

blank bgeams a%&%ﬁ%%q%ﬁ%&ﬂ@ﬁdemﬂé%ﬁcﬁ (phighness (central line,ayerapg, Lojiahness Ray of

the main surfaces of the glass blank is desirably controlled to the range of 0.01 to 10 pm in view of
performyngsscrbRIRINeassing|ane g HHNG: PrOREssNgHssing a diamond shgef ghat aiafarrigd out as
the post processes to be described below, and hence the surface roughness (central line average
roughnessReg;af thederesswheldiagisgréddessstastupmierably controlled iatheaiatgeiopGOl to 10
pm. [0090] The molten glass gob 24 illustrated in FIG. 4 falls further downward and enters the
space bethean tabtiecgdissamesiding eatdees S3A-8HIB2A. Then, as iliStEAEAGASATENS, at the time
when the molten glass gob 24 reaches the vicinlgiay of the almost central portion in the vertical direction

of the plESERIGIGIAY W ALEdES SR UMY RERSHY tﬁ'e'lntéhﬁ"ué?falling direction P 5oL aces of the
molten glass goled EOME LR %?Fg%g&ﬁ%tﬂ N LERTHMQIRING surfaces S and 624 & e same time

or substantially at the same time.

to be opposed to the press-molding surface, being b roughtinto contact
with a partofthe second press mold whichis place dsoastobeopposed
tothe press-molding surface; afirstpushing membe rfor pushing atthe
same time the press mold body and the guide member in a direction
perpendiculartothepress-moldingsurfaceandtot hesideofthesecond
press mold placed so asto be opposedtothe press- molding surface; and
a second pushing member for, after the first pushin g member brings the
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Here, in additional consideration of the viewpoint of preventing the situation that press molding
becomes difficult to carry out because of the increase of the viscosity of a falling molten glass gob 24
or the situation that the position of press fluctuates because of an excessively high falling speed, the

falling d %l?e?ﬁeﬁ\g%‘?ﬁ{é‘gb’arﬁﬂ%&%%% m%ﬂ?ﬁ?f 1,000 mm %'ﬁesésé%%% @JS&?@?& selected

from the range of 500 mm or less, still more pre y selected from the range of 300 mm or less,
most preferallyeselertad fwsu the éapas-ehadQ M e4adess. Note that, thekpwerdingiief the falling
distance is not particularly limited, but is preferably 100 mm or more for practical use. Note that, the
term "fafiieg hisiaicalyinedire @idispancerfdoen theopasition at the momerdssheal thegiauviacd end portion
22 is separated as the molten glass gob 24 as illustrated in FIG. 2, that is, the position at which the
lower sigedtRs gt ehemppelasiers prap a0 are overlappediRAhediethriikegseBdtindntil the
position at the time of the start of the press molding (the moment of the start of the press molding) as
ilustratéYiiRES6. 5, that is, the vicinity of the almost central portion in the diameter direction of the
press-molding es 52A and 62A parallel to the falling direction Il. [0092] Next, as illustrated
in FIG. 6, when the molten glass gob 24 is continuously pressed from its both sides with the first press
mold 50 and thg seserhREEsSTI% 80 dhemalienadlassigpbngd is extended by pyassHEReSR as to
have a uniform thickness around the position at which the molten glass gob 24 and each of the
press-maishing: surfacas & andra2d finglagpase hiMa kfontact. Then, asrilnsitmienkire Edling the molten
glass gob 24 is continuously pressed with the first press mold 50 and the second press mold 60 until
the guideesiiHfeicHB4AHRr e, guitisl nuerfape St ebsling into contact, thetehyfbedsg-foateéainto a
disk-shaped or disk-like plate glass 26 between the press-molding surfaces 52A and 62A. [0093]
Here, tHeRfe HfassPYe iGSHARIG S RAGE T PAE sBlsSEiAtially the same shAPEKRHEIBFIARRYs as the
glass blgpkrto be firll&l‘l\;vgp?fﬁined. urtper the siﬁe and shape of both surfa}%esa%tgﬁ] late glass 26

are the SaM&As tlose Of the o eanca agcs5 gfré?c ?napr%%slgns Siand 32 (not shown in FI16" ). Further,

the time,taken, fomnihe statssahtbe Hperafdne aiarof the press molding, Justtatest i Gep until a
state in which the guide surface 54A and the guide surface 64A come into contact with each other as
ilustrateskin dd Se dnthareinadtprerfaiead daasdpRigsgipelding time" in somgeqsespipyederably 0.1
second or less from the viewpoint of forming the molten glass gob 24 into a plate glass. Moreover,
becausenalgtatetihtimiem fesajuide Bhdacel ea4land dhe guide surface 644 @omh® pritweentact with
each other is established at the time of the press molding, it becomes easy to maintain the parallel
state befif@eh BASESLImMBIIFY SdPatd PR i@ teShiess-molding surfadeeeRf R&td@hat, the lower
limit of thetpreisfmoldinqhtimq i? not %articularly limited, however, it is preferably 0.05 second or more
for prachaaFug T@@éﬂﬁ €p ngté’% it the press mold 50 illustrated in FIG. 4 to FIG. 7 includes a
press mold bo 50’3@7?nd a guide member 54, and the press mold 60 has a similar structure. However,
the pair of press molds used in the method of manufacturing a glass blank according to the first
embodiment is Qg diditRa s those adithedype diustistediarde: 4 to FIG. 7 Insofaf i@ thetpal of press
molds may press-mold the molten glass gob 24 into a plate shape. For example, as the pair of press
molds, ohesaoluéaipe figrmgthes rask Moold bediestt2randr62 which are fodimedrbydiemoyiassthe guide
members 54 and 64 from the press molds 50 and 60 lllustrated in FIG. 4 to FIG. 7, respectively (of a
guide-nfetRdereacagid)naiajhaisursa Rt OfRREPSthe press molds SO HAYSEO ARfstidxed in FIG. 4 to
FIG. 7 may be of the Integral %ﬁe in which the press mold bodies 52 and 62 and the ﬁuide members

54 and BF SACRREGFANY $6NER! PBHELHAERI 2B AYES he of a separate HAE WHHRE S ess mold
bodi I 5 f d b tively.
i 58042 B0 S NV S AR g omed 2 e el sy

press mpith kady sthandrtiegside maatoes sfreavigita the direction of theyargeWonisad digisame time
and integrally, and the press mold body 62 and the guide member 64 move in the direction of the

arrow X atrtleaveanie tirntee anchintpgnadlyf [(D@SGhss mate rial.

[0058]

Accordingtoanotherembodimentmode,inthemetho dofmanufacturing
aglassblankforamagneticrecording mediumglass substrate according
to the third aspect of the present invention, itis preferred that the
press-molding step include a first pressing step fo r determining a
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Note that, the press molds 50 and 60 include the guide members 54 and 64, respectively, and thus,
when the guide member 54 and the guide member 64 are in contact with each other as illustrated in
FIG. 7, the press-molding surface 52A and the press-molding surface 62A are held in parallel with
each ot FReLCpif. SYER I SR AL WRIED g RiEFRymOlding surface 3¢/ qpel g pyfss-molding
surface 62A are In paraeﬁegwi ea?:% ogher can ng{gbse m%irlltained in the process in W r%ﬁﬁfﬁe press
mold 50,mavRs §uiraaction et thadrranrtliaachthe press mold 60 meyemistae ditgetien of the
arrow X2 as illustrated in FIG. 4 to FIG. 6, it is easy to cause the obtained glass blank to have very
small thieknesspilevitigrsiép tensagivenoe;, eodtivedasigriyng the press moldsmpGrand£0ds not
required to have controlling ability to control the press-molding surface 52A and the press-molding
surface B2AstdNBEalways maintained in a precisely parallel state in a series of process illustrated in
FIG. 4 to FIG. 7. [0096] -Second Pressing Step- In the second pressing step, the plate glass 26
formed betweelt7¥irst press mold 50 and the second press mold 60 continues to be pressed with
the first press r’g\old 5&) and the s%:ﬂﬂd press m ”IT(]je%Q. Mé)&% sqre]:cthallg%etpg plate glass %%gonpnues

to be pressed with the r11i(‘?stt(|5reass mold 50 and the secon press mold 60 with a state imme ia?ely after

the first REg g SRR HRLBIS AR Bl Ao A dsi GREEHETed being maintaipedyiieksa tas dutatian time of
the second pressing step is controlled so that the flatness of the glass blank is 10 pm or less (within 10
pm). [0QR¢Ebrdinghtotecttiatddighiagta e pddsenm invaediately after the stafi of ier éifstreeessing step at
which the press-molding surfaces 52A and 62A and the molten glass gob 24 are brought into contact
with eat¢hadthernte sehee e settmbleprex s ste is@ompleted, the temihertitiglenes s glass (the
molten glass gob 24 and the plate glass 26) located between the press-molding surface 52A and the
press-nibfifg' 88Price BINOS! S FEHILIRG bnttse HiasseRaterial used in theHidss molBiflg'e§enerally
significantly |OVL86%% from on the order of 1,20050C to on the order of 4800200. In addition to this, in

the second pre smg]step, the plate glass 26 continues to be pressed, and thus, the fluidity of the plate

glass 26 is also,lowg Vf’(j)thw@mﬁrd%%UFH}@H’eVWQE‘e%rR)@F? glass 26 continq%'gqr@?&r@ssed until
the temperature is equal to or lower than a temperature which is 10C higher than the strain point of the
glass malssialohaeingribe ptiaralasfa2furing dluigityedicthe plate glass @éviei mgrest congpetely lost.
Inconsequence, in the second pressing step, as the temperature is significantly lowered in this way,
heat shankatetefitheuslate: gtass @6 ghhthel aiakietdfdirection progressesn@gorthtavtiver tiangd, in the
second pressing step, the press-molding surfaces 52A and 62A which are in contact with both the
surface§'6FtHB B1afS §leay radedte HHoUGH 28 ebRiRUER Whsorb heat of the PHESYHPA8KIG 0 thermally

di in-pl directi b leti b fi f h heat from t late gl 26,
ciop thel AP BRI B1F I G ML £ amURROA SR U mild heat smTGAUE BB More.
specilcaly e 365006 RESSSIRg 1680 & i BgpesacoLrs between the kgt g ogEmal

expansion / heat shrinkage of both the surfaces of the plate glass 26 and that of the press-molding
surfacesc?3fuairhfefiunh BRisierien 4y 1€159reB0I @ RRIGE Step, force to gxterrinAgemdiaimater
direction of the plate glass 26, that is, force in the direction opposite to the heat shrinkage acts on both
the surfgteess cluthenalste glass 26 which is undergoing the heat shrinkage by the press-molding
surfaces 52A and 62A. However, in the secondpressing step, the fluidity of the plate glass 26 is
significantly loW8#&d las the second pressing step progresses, and thus, if excessive stress acts on the
plate glass 26, brittle fracture in the plate %:?SS 26 is liable to occur. Therefore, if the force in the

direction oppos‘ft%cl%r Hrofe e MRk AgRe é&E%BFﬁﬁﬁ%é%eﬁct_on both the surfQ8e s 'EH_E plate glass
26, excessiVE 5 %Qﬁ[%(gogé?noﬁﬁgﬁncﬂﬁégn@%ﬁﬁﬁm Jthe giglane d'fGCt'O”’inEPrmﬂgﬁ%W a crackin

the plate gﬁlass g er to prevent such a crack in the plate glass to use as a
materia| fermaing theorirsaMadm 29and fd-araaterrldiaying the thermal @xpanrsigsycagffigient similar
to that of the glass material forming the plate glass 26, and in addition, (2) in the second pressing step,
to carrytbaostblinig fvithrihia teumiperatuse of tihegolateiglaas 26 and the teiperatsesidbthete
press-molding surfaces 52A and 62A being synchronized with each other are thought of. However, the
second desHitgsepmiiieaspecsighifieaiietanbengire change, and thi@)ifeddEPebeHl9y out the
above-mentioned cooling, it is necessary to cause the cooling speed to be very low. However, in this
case, tifh&"AEBELSATSOCLIREG Bt tHEEWBA G hIefy Riep significantPHTEELESCEHAhus, there

s & pos, sl At e AR RERSE b s vRIssignificantly, which s not practical 10400

recording medium glass substrate.
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Taking into consideration the points described above, in order to prevent a crack in the plate glass 26
in the second pressing step with more reliability, it is preferred that, in the second pressing step, a
press pressure be reduced with time. In this case, reduction of the press pressure reduces friction
coeffici SUr e plate glass 26 and the press-molding surfaces 52A and
62A, rei%?é%ﬁgl);%gga%rﬁség% gﬁggg%%t%;ﬂurs between both the surfaces of the plate glass 26 and the
press-molding gtgges 52A and 62A, respectively, which facilitates interruption of force which acts on
both the surfaces of the plate glass 26 in the opposite direction to the heat shrinkage and which is a
cause of a crackcddreipbrasecd firesagpressire tisergducashwith time " as used herfahreipcigdes, in the
second pressing step, not only a case in which the press pressure is reduced with time but alsoa case
in whichnegiHon @ip g hesio fessiinetiy tegagmesiliaiMereased or mainiRiad 20fedigregRIe With time, when
change in press pressure with time is approximated by a linear equation, the slope thereof is negative.
Further1RE PR SHaie SURR RS W TB DR PEREMT A8 WATiME, or may be RYELGLE RIously with
time. [0{110 H Nqotﬁzq tf,}ﬁ.(t), qv%/ﬂen th]ea E)tressed)ressure is reduced stepwise with timg utrf]}]e Eress pressure

is preferaab yersesd%r(]:e when %rr]ﬁjpera Ure SHﬁ%”&%fe glass 26 sané%gﬁgela %rg?wleen 5 First press

mold 5QgpgkthesRARLAIESSIMAIL AR I5 ioWaReshiRadange of 30C. iy thefirbantatiemgoint of the
glass material forming the plate glass 26. This enables more effective suppression of a crack in the
plate glass 2envath sglativehy gigeple control of the press pressure. Note that, in this case, from the
viewpoint of accomplishing in balance both the suppression of a crack in the plate glass 26 with
reliability and the0&iddpress ion of deterioration of the flatness, the press pressure is preferably in a
range of on the order of 1% to 10% after the reduction with that before the reduction being 100%.
[0102] FurifeP HHEdBESRE PE SSPRCE B SRS/ bM&ducing the presS'HREEEURSIRA time, the
press pressure eagg be char]gtsed in_a wavelike manner with time. In this casg for e)éarp’f)rl‘rﬁﬁthe press

an urin S Plank 1or a magnetic recor . ng,mediu SS
pressure may anggea Berlodlocaﬂy ﬁ)<e rec?aqngular waves or sine waves W?[h tme. IS case,

when (NG BURR LRI SEBARNER (e IEINIgta FMRWTWIh time. the TUcian.corilials between
both the surfaces of the plate glass 26 and the press-molding surfaces 52A and 62A, respectively, are
reducediAsadidast SRR 066WA detnegr bobtesurfaces of the platenglassuze s ibe
press-molding surfaces 52A and 62A, respectively, which facilitates interruption of force which acts on
both thésuacesrdathir ptater giss 926 anlethogpdsiterdifection to the heatBhrinkageaam@tivhich is a
cause of a crack. [0103] Note that, in the second pressing step, heat shrinkage of the plate glass
26 occUiRCAET IBAINRAHE digtetePaifattichieinads imattickness directidfHdithdadghediedmount

thereof is small. Therefore, d ring the secopd ressjng step, there are some cases in i?ich a small
gap is 157 BEEAI P i SRR ARGl AR ESAUS 624 and the phBlegRlAK ispectively.
In this casg,WheN2 AR Iy i&”}ﬁgdﬁﬂﬂ“%ﬁ&%@ Wit & cage iRwgiGh the press-malding siyfgce p2A and

the press-molding surface 6ZA are In intimate contact with the plate glass 26 without a gap, the heat
conductipinefhcienmolRabresn ke Rimgen besoisiawered. As a reiife ditemRRI@WsSteisdribution
between both the surfaces of the plate glass 26 or within the surfaces is liable to occur. Such a
temperahane [thspribuitien .causes a viscosity distribution (nonuniform fluidity) in the plate glass 26, and
thus, warpage of the plate glass 26 is liable to occur and the flatness of the obtained glass blank is
liable tolBE&Idpe@s6FEEaN 01043 WiNgsTaking into consideration the points described above, it is
preferred that, during the second pressing step, one surface of the plate glass 26 and the
press-molding ieie 524 of the first press mold 50 be always in intimate contact with each other

without a gap ﬁﬁ%@oﬁ*ﬂér 'i%faa‘?gc‘%feﬁlﬂ%tpéaégcgfé‘ﬁﬁl?ﬁe‘%\?gﬁhe press-molding SHIH]@FF%\@ of the

second press be always in intimate contact with each other without a gap. In this case, as the

pair of presstpelds. WHRPS Sokds having thmpress-makting surfaces whicky genexc@ilit imfpllowability
to the heat shrinkage of the plate glass 26 in the thickness direction may be used. As such press

molds, spagadichlinkuessraiolfs aff ity guicedimemietiess type formed of thegan@savaotibbodies 52 and
62 which are formed by removing the guide members 54 and 64 from the press molds 50 and 60,
respectively, ol ke pies3Pndlds 86 erBUIBISPRlisaphMeavtiPpe in which the presdii@tioglies 52 and
62 and the guide members 54 and 64 are formed as separate members, respectively, may be used.

Note thaf} WRENRAE Biele MARIE S3eRsd BANSH BN LIFHPRIE type are used, i tHESERNE B¥ssing step,

by pressing anly the pres moL} bady 52 in.the. direction of the arrow X1 and pressing only the press
A R S TR e 1 A P
[0105] present invention.

[FIG. 3] FIG. 3 is a schematic sectional view for illustrating
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-Taking Out Step- After the second pressing step is carried out, the taking out step is carried out
in which the first press mold 50 and the second press mold 60 are moved away from each other and
the plate glass 26 sandwiched between the first press mold 50 and the second press mold 60 is taken

out. Th%ﬁaekmé%% gttﬁ;e)é}n?gmlpg I%%rlriiee ﬁggg%ofgr example, described in the following. First, as

illustrated in FI irst préss mold oved in the direction of the arrow X2 and the second
press mold 60 i&Bovedig the; direstionof tbe asiym af Lisvthat the first press molg) 58 amd ghe second
press mold 60 are moved away from each other. This releases the press-molding surface 62A from
the plate glase2paNextrasvihstratedsrir-ike Onéhexplatd glass 26 is released fremmtiaqaress-molding
surface 52A, and the plate glass 26 is caused to fall to the downward Y1 side in the vertical direction
and is takMGRINGES 2halesshantkapletd flads deidiveleased from the presdasonaaig sliffitce 52A,
by applying force from an outer peripheral direction of the plate glass 26, the plate glass 26 may be
releasef"§S N8 AL Ptass 26 is stripped off. In this case, the plate glass 26 may be taken out
without applyinE;%(?e%gfgreg eretg. Note {hat, iq.takérll .outfthe plate glass 26, thﬁldel%%t lass 26 may

be released fro ress-m(')?d?nacsgrrpa%lecéf,& ater t Ig"ft’)laotre glass 26 is released from the

press-moldingesiacsrRRA WHBRIYIPE ilake glse 2Enpnich is taken out ig gapealad@sMepessary to
reduce or remove strain thereon, and a base material from which the magnetic recording medium
glass suhstiatects forgned) dbatis ikeaglasgibtpok tie abtained. [0106] -Glassibaakment o¥\iB regard to
the glass blank obtained by the method of manufacturing a glass blank according to the first
embodimesedestribgdabove, the flatness may be caused to be 10 pm or less (within 10 pm), and it is
extremely easy to even cause the flatness to be 4 pm or less (within 4 pm) . Note that, from the

viewpoint of eliffitGatiflg P sRdiehitid 6BRHS PESHP BRI ER as a lapping step Wit 8arried out
mainly for. the purpose.of improving the flatness, the flatness is preferably 4 or less(within 4 pm) .
[0107] a furﬁ(ﬁrept Etlt?ftgéem\'@}ﬂ}éed%?Fr’ﬁ'a'ﬂittpaecf)unr?n(axg Eifgss blank accordineg(%(;[‘theer?iés%%?n%odiment is
SU!tab'erﬁ%maemﬁﬁplamqa%mymz glass hlankgdng good flatness. Specifigallyinianmaeipad is
suitable for manufacturing a glass blank having a thickness of 2 mm or less and a flatness of 10 pm or
less (wigtesdAtpAedtisnthickness is more preferably 1.5 mm or less, still more preferably 1.2 mm or
less, yet more preferably 1.0 mm or less. [0108] -Press Mold- It is preferred to use a metal or an
alloy as a matelfalor féri@ing isacl dfeha ficesschimwids \Bevaha 60 in view of heat idsstanics,
workability, and durability. In this case, in view of the temperature of molten glass, the heat resistant
temperaUvetBe i thetd e rdNels f’IeRs iRindeetd fR¥bress molds 50 aR@ 6 &speeiehBly 1,000C

or more, more preferably 1,100C or more. Specific examples of the material for forming each of the
oress nOR P UTEO HESTAY Th XA LR ARG ductie (FCD), Al BoP SRR S as
SKD61),, highsspeedsigel (SKH), cemented carbide, Colmonoy, and Stellite. Note that, it may be
possible to control the press molding by cooling the press molds 50 and 60 by using a cooling medium
such as water Qr il 89 that thestarspreatdirs Ricienpresswn@ds 50 and 60 do notyriggrdriwgher, for the
purpose of causing the temperature distribution within the press-molding surfaces 52A and 62A to be
uniformathetbeolpagtroéthanwiméy $iepsedibe coa examiginity of the centraé pdrtiens eftitie of
press-molding surfaces 52A and 62A and/or a heating member such as a heater may be placed on

outer péfipheidtisides afatas priasmiasrginaria Btetdrakat the outer edge SIS RIE pfd88-molding

surfaces 52A and 62A.
present invention.

[FIG. 9] FIG. 9 is a schematic sectional view for illustrating
a further part of the whole steps in the one exampl e of the method of
manufacturing a glass blank according to the first embodiment of the

present invention.

[FIG. 10] FIG. 10 is a schematic sectional view fo rillustrating
one example of a press mold used in the method of m anufacturing a glass
blank according to the first embodiment of the pres ent invention.

[0065]
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[0109] Further, regions (molten glass stretching regions Si and 32) in contact with at least the
plate glass 26 of the press-molding surfaces 52A and 62A of the first press mold 50 and the second
press mold 60, respectively, may be surfaces having formed thereon as significant an irregular portion

as, for exampleiﬁ?équ%@pﬁiqg a(%rcf%m%%%%%%ﬁﬂg%ff the glass blank ﬂl}{f%}rg‘ﬁﬁ groove or

the like having the depth on the order or 1 of the thickness thereof, but, usually, itis preferred
that the egians e suhsiantiab fias suidasas INotethatiHhe whole of the presmalding swigaces 52A
and 62A may be substantially flat surfaces. A reason for this is that, when a large V-shaped groove is
formed #gthesdikssk blertdedingracksdetett evibechlisiassafmed to be due thesiress moneentikaiion on the
V-shaped groove portion is liable tobe caused. Inadditionto this, whena significantly irregular portion is
formed in the niblfenlglds>stkdtsrareg hegieis sacinadaXigwie shrinkage of the plRUSIGRIED26 in the
diameter direction in the second pressing step is prevented. Therefore, excessive stress is produced in
the platB YL R5h thdNA- YA FHeREdh, WhithcadaB¥tfe plate glass 26 B B¥ IR 28 19 cracked.
0110] . 15, M e ShsianLRLY sk surface: 0ok pnly means a usug) fighsuriace yhose
curvaturé 18 substantaf zero, but also mearis a Surace having such a very small'curvature that a
slightly genvey sitarsonr a slightly concave surface is formed. Further, it is naturally allowed for the
"substantially flat surface" to have minute irregularities which are formed when usual flattening
processing, usyrienirg)mclislingaocessing sectimiikadsvapplied at the time efinanutaajuring press
molds, and it is also acceptable for the " substantially flat surface " to have convex portions and/or
concave pe iy pée gdratiahitgennaiitencdilregwabties, if necessary. [0111] Here, it is allowed for
the convex portion larger than the minute irregularity to include a substantially point-shaped convex

portion and/or & dGodtatisi e & SohEFeRt ESRFER PRI dch having such a"h&YFHIESF 80 pm or less
that thos rtions have a slight chance of bringing about the deterioration of. flow resjstange and
promotiﬁé%ﬁéepra%gl %\ﬁﬂ?n\év%?% rSﬁS (Saiﬁngﬁg%soggbg.xﬁg@that, the height i§ p())rfet eerarg?jlﬁ@ﬁ?n or less,
more preferahly Mg A'JRsS FirRel WRARJNS ARNYEXJRtion larger than,ihe JRiRs: ipiagdlarity is a
trapezoid-shaped convex portion having a minimum width in top surface on the order of several
millimetgrss@hmiekamioa dome-shaped convex portion having nearly the same height and size as the
trapezoid-shaped convex portion instead of the substantially point-shaped convex portion and
substantially linéa@&shajedcbhver pordomttheabovermantiomed chance of bringiing tationy the
deterioration of flow resistance and promoting the partial cooling of a molten glass gob becomes

smaller 2dHE FRNBR R EEhvE ISortRSiN eV ©*REV a height of 50 prf B 1eeSNRIBRIARL, the
height is pref ratbly, BO?E”'] or lEFSﬁ more p eferabli 10 pm %r less. Further, fﬁg] Hje viewIP%nt of
suppresrgl‘?urbu R&'GCOFFeRcE P E cFa%&C(?u '8 é?r& TordEntration at the inteF2@ Hgﬁ%g t bétween the
bottom sptface and agjfe surface of the trapezoid-shaped convex portion, it is preferred that the side
surface of the trapezoid-shaped convex portion be a flat surface having an angle of slope of 0.5 or less
with respect to thestossHItaces I becadHrrsdtfarg Gieatas by modifying the flatsskifare to a
concave surface. Note that, the angle is more preferably 0.1 or less. [0112] Further, it is allowed for the
concave portien fsgerfttenvthel 86 tepsute tireegotaeiky topinclude a substandailfytipomeshapetl concave
portion and/or a substantially linear-shaped concave portion each having a depth of 20 pm or less, in
order thARHGf S tHasGdtaitraG6ardintBdFIBRaRR8NEf molten glass FRIMRY &N Bhcave
portion at the time of press molding is not brought about. Note that, the depth is preferably 10 pm or
less, m&YE PrBIMRET S Bm or less. Further, when the concave portion larger than the minute

irregularity is a\?ﬁfyqtﬁq:F@ple;gig-gmggtpcoggaygn%j)ﬁign 1lg)aving a minimum yymjtgnj%%m surface on
a

the order of several miflimeters or more, or an inverted dome-shaped concave portion Ing nearly
the samerdapid} pack Jzerasvhs dweeddraresoidsshanad concave portiop pisieasefifbg stibstantially
point-shaped concave portion and substantially linear-shaped concave portion, the above-mentioned
chance mihbtifggingiabcu thesdeterkcaation ofghe fhevestaitik becomes smallemiaodihencefttteeconcave
portion is allowed to have a depth of 50 pm or less. Note that, the depth is preferably 30 pm or less,
more priefesgblyinephPor less. Further, from the viewpoint of suppressing the occurrence of a crack
due to stress concentration at the intersection part between the bottom surface and a side surface of

the trapezoid-sHdFed T BdrbPEER HERS RS BIAY IR Yde surface of the HHPEY 811 8haped
convex gtgrtiﬁ;]n be a flqttﬁ%rfqgglg%yén antﬁg%le of slope of 0.5 or less witQ 6§§Rect tghtcr)\g cppttom

surface, of be a Srr\t/é)d surface creat%d'By mod}ﬁ/ﬁ\@a gl flat surface to a concave surface. Note that,
the ang|g4s mpoie RFRfer ahl¥ OnlaRik!gss o [is3lo the second embodiment of the

present invention.
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In the method of manufacturing a glass blank according to the first embodiment of the present
invention, as the press molds, as already described, (1) press molds of the guide-memberless type, (2)
the press molds 50 and 60 of the integral type in which the press mold bodies 52 and 62 and the guide

members 54 arrji‘glg"l ﬁgﬁgQ%e_gb%}gi/gfsg%@gaﬂnaj%sgiﬁlﬂffﬁgv@%%e press molds 50 Iamg quaf%gue separate

type in which the press mold e guide members 54 and 64 are formed as
separatg fpRANESar8BRECUMEYe QEdPS ik BaNPExsesl From the viewpgig af agcampdishing both
the excellent flatness and the smaller thickness deviation in the most balanced way, it is most
preferreddhataamong thgise shriee kincdsoad ipressthotds;dhe press molds 56rahddbd @fttbetheparate
type be used. [0114] Here, it is preferred that, as the press molds 50 and 60 of the separate type,
specificallys @med YRivived a structure described below be used. That is, it is preferred that the press
mold 50 (or the press mold 60) of the separate tyF&e at least include the press mold body 52 having the
press-molding StYfd@E2IR el PRYSEREHUIA Y& norizontal directioh! #"glRfE member
54 havwg%%t least éhe ;unctlon of majntainin ut?sa:[antlally fixed distance be(%een the %eess-moldlng

as
surfaces 528 and 624 of %rf)asl 0 'p'fzegs ‘molds 50 a%egf) respectively, in the erjggs Mo ding, by,

when pushed 4o the sifgef the SfIss Sressaid Ghytych is placed soips dpdos PR Ihe
press-molding surface 52A, being brought into contact with a part of the other press mold 60, a first
pushingomerebpes senplishingat.the same time the press mold body 52 and the guide member 54 in a
direction substantially perpendicular to the press-molding surface 52A and to the other press mold 60
side, and a sedd@ ga#hiag Meanbee foti efeatibeafiristglishing member britigé atie gaideherember 54
and a part of the other press mold 60 into contact with each other, pushing the press mold body 5 2 in
a direct®FEUHSEhIY (5D ETCURSO tHE SRESR A QM surface 52A ahitb-ieIR<HEaSRold 60 side.
[0115] FllG. k10 IS aiche{’g%ic secti(r)]raal viggvdf%rei”ys?'ﬂ%iggr%r!e example of the presesn{nold used in the

blank accordin SeCo e . ent'in 1QN. .
method of manufacturing a g?ass Bk TOra magne({lc recording medium gFass SUbetrate according to

the first embod[m@tﬁ]tp@rﬁ@gigyﬁ@ﬁi,%@i,cag&{ir&% Speeifically, a view for iIILgsH%tWQ example
of the press molds 50 and 60 of the separate type. In FIG. 10, like reference numerals are used to
designaligdnembers samitard e kose dlnstrated in FIG. 4 to FIG. 9. Further, a press mold 503 lllustrated
in FIG. 10 is a corresponding to the press mold 50, but a similar structure may be adopted in the press
mold 60. Here,[& G ird3pal pak® o2 hegmessmadide08 dnalvies the press mold bodyB2ssreajdide
member 54, a first pushing member 56, and a second pushing member 58. Central axis of the
membeks$ afe tSABIRSH i BtERRIT@R W fne X in the figure), and the central axis are substantially
coincidegn vr\%g'th tpe\%orizontal dir@c{:%ignéOllG Here, the press mold body 52 is formed of a
circular @I? der'Ra r%%'ﬁ]@ NG Ll aE W9 Yorms the circular press-molding surface 52A. Note that,
the shape of thg)ggass mold body 52 is a circular cylinder in the example illustrated in FIG. 10, but the
shape is not specifically limited Insofar as the shape is substantially columnar. In the example
lllustrategtiirs Fin bHdi thenpress-molding surface 52A is a substantially flat surface. [0117] The
guide member 54 is a hollow circular cylinder, which has a length in an axial direction X that is longer
than theNertgtid of bhenaksait direg tidasX BIbthid pidsg medicRbody 52 whicheisoadiirgMadicyticdesswhich
houses the press mold body 52 in an inner peripheral side, and which has one end face (guide surface
54A) th&UBHFaifght into contact with the guide member of the other press mold (not shown in the
figure) when pushed by the first pushing member 56. Here, the difference between the Ien?th of the

guide member B899 ¥ P PR SHRRO FRELTREIG HBERER iITMhe axial directionSX iR othEr Svords, a

height d] . de. nd the press- I in the axial
directiocl] ézg?ﬁ%jgbﬁéﬁﬁ\g%@%g%#ﬂv&ﬁ?%g@sggf%ﬁt@?mateIy a half 21%‘%&% C rggggco%f?t Igzaglass blank to
be prodierl Ngiesdialp i aharecni dhe gsiieemarayy»4 is a hollow cigHtaneyAndgE b the shape

is not specifically limited insofar as the shape is hollow columnar.

of manufacturing a glass blank"), including at leas t: afirst pressing
step of pressing a falling molten glass gob with a first press mold and
asecondpressmoldplacedsoastobeopposedtoe achotherinadirection
crossing a direction in which the molten glass gob falls to form the
falling molten glass gob into a plate shape; a seco nd pressing step of
continuingtopress,withthefirstpressmoldand thesecondpressmold,
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[0118] The first pushing member 56 is formed of a disk-like member. Here, one surface (pushing
surface 56A) of the disk-like first pushing member 56 is a flat surface which is in contact with the other
end surface (pushed surface 52E) of the press mold body 52 and with the other end surface (pushed

surface 4 QLNE S EMRS! RN BF BAHaHEN iple SGH which pgses ioughdbe firs

pushing member 56 in the thickness direction Is provi in a part of a region which is opposed to the
pushed gyrince @ AkRiGe BressyBeldRady &3e Mg fhat, a surface S6Eybigh isppRasiiado the
pushing surface 56A is connected to a first drive (not shown). Therefore, in the press molding, by the
first driveethespresssmaldi bhady E2sandrib @ guislen ¢ mbey 54 may be pushed eathegamartime via the
first pushing member 56 in the axial direction X illustrated in the figure from the side on which the first
pushing aKéraleeit 828l placias® spedidehed tikpanéhsress mold body Sshpteasetiiientember 54
are placed. [0119 Note that, in the example illustrated in FIG. 10, the shape of the first pushing
membel8565REE MK A5G TR G HAREEMAE GRRAUAIRRIBnited insofar as tHEERSHB e Eantially
plate-like. Further, the throu krhole 56H.is provided. as a hole having a circular opening.along the
Contral Lot BT Sreba ool BT BB &5 member 56 Kt AR CAMNrARY marmber of
the thropghacles e My ReRERYidgd At Arbitiane pesitions in the first pusbing(prMRENRE insofar as
the positions are in a part of the region which is opposed to the pushed surface 52B of the press mold
body 52ekipéhety thershape o the ldpening ik e threugdchale 56H may be appecpriaialy sslected as
well. However, it is particularly preferred that the through hole(s) 56H be provided so as to have point
symmesyhgitntedpetiiecsteecantiae dikist Xrestegpsees, mold body 52. [01201e moltEhegsessond
pushing member 58 is formed of a rod-like member which is placed within the through hole 56H and is

connec@Ptts HE HiFhRUKINE LSS EMQUETE SHE PFES old body 52. Ndt8 tHat PSS SAUPR of the
second pushing member 58 is a circular, cylindrical rod in the example illustrated in EIG. 10, but the
chape S L RS LSRR S thing membor 58 1405 ROVE Sress mold
body 52 5hihe il fiEeriine X gNetedbiat Arsendi gfhi second pushing member 58 which is opposite
to an end thereof connected to%he pushed surface 52E side is connected to a second drive (not
shown) A eliedeien imib e Mressealdipa ynetspeond drive, only the prigssisiald thedyhs2 may be
pushed via the second pushing member 58 along the axis direction X from the side on which the
second frisieisgpiiesgheysbBaiskpdOed to the side:owiidbskviibipt®ss moldbody b2'is pfactid. [0121]
-Glass Material- The glass material used in the method of manufacturing a glass blank according
to the fifSCEFABUHIRERBAABSSIHESERR IBVETHRA IREABYYPRCifically limite@NRSSfAS A8 HRE i s material
has phyfsical roperties suitable for g. magnetic recording medium glass substrate, in particular, a high
thermal 8BTS ER Al Hu e g A e BP i Fesistance and Qi ke, and, at the same
time, the glass e,ljial may be easily press-molded into a plate shape by the horizontal direct press. It
is desired that the thermal expansion coefficient be similar to the thermal expansion coefficient of a
holder for holdingrbeBi1pgnetiaderEinayadissMetespecifically, the avegagg dnrarexpansion
coefficient at 100 to 300C is preferably 70x1077/0 or more, more preferably 75x1077/0 or more, still
more prefevablyn80x 10V T/ ofinsiore epstratilsreprespreferpbly 85x1077/0 or more.al keagppérdimit of the
average linear expansion coefficient is not specifically limited, but, practically, is preferably 120x1077/0
or less. FOMV@RIBOA B5eS6MEHIRING BetiestiBASKERMIS €dused when thdafd§RéaE PEEBFHIRg medium
rotates at high speed, a glass material having high stiffness is desired. More specifically, the Young's
modulu%hf%tg’ré HER76 SRS TABB PP Rrably 75 GPa or more? SHPHBALHIRFESbly 80 GPa
or more, sti per limit of the Yaoung' IS not
specific\évl j%ﬁ?i%‘ggﬁft"qﬁggl§§|?q |rsﬂ1 grf’é%;%%@ %gbggPa or less. Furthgr, § %%?r%”éé E@s{é material
which iexegitertineatyesistanee ntbrestRtade JogYy iBepeacessed at a high tempgiatuigen the
process of manufacturing a magnetic recording medium, and hence, the glass transition temperature
of the glass snatddal asypfetexdHidyf 6O osnmodden dnore preferably 61efres snared sty ontxreepreferably
620C or more, yet still more preferably 630C or more. Note that, the upper limit of the glass transition
temper&iifteisasonsgueisie 818 d it obgh) thivid G praetital viewpoint of Sligpradsivigneaperature rise
in the press moldin% and the like, is_preferably 780C or less. Using a glass material which has a high

thermal SRS HBEHREGIGS Hiht WhfindR_IARIP At resistance is effEUfvE4HGIRBRTING a glass
substraig sutahle. 9 porRaans e seniing mestiym baving a high recgrding densiny. J0%2P)
out, the temperature of the press-molding surface o f the first press

moldandthetemperatureofthepress-moldingsurfa ceofthesecondpress
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As the composition of the glass material, a composition which may easily materialize physical
properties suitable for a magnetic recording medium glass substrate may be appropriately selected,
and for example, a glass composition of a conventional glass material for the vertical direct press may

be appropiiEtelsRIGalad, Mhi i pieferied it gluinosilicate glass b selecish Metg et 2

composition of aluminosilicate glass described below is particularly preferred, because all of heat
resistang@<Bighbstifieass nantd fbigbduthesnal Sxaaagien coefficient maybg easipacsamplished in a
well-balanced way. That is, it is preferred that the glass composition of the glass (hereinafter, referred
to as "Glags £oanjpasitionalg s exphesskede g lsd%amtluces 50 to 75% of 3i0Zstvteb%hopAl202, 0 to
3% of Li20, 0 to 5% of ZnO, 3 to 15% in total of at least one kind of component selected from Na20
and K20/ pregs 38 frindbsl feanease ssie kiefadmpenent selected frsnhdfg0leda\@e@sand Bao,
and 2 to 9% in total of at least one kind of component selected from Zr02, 1102, La202, Y202, Yb202,
Ta205, REPOSIARrd2 SRR HBRA RSt T RFFECH0)/ (MgO+C a0+ $FOUEUBYICELP fe range of 0.8
to 1 and th%i%oell"’r‘ﬁ gﬂtig é%%%z%%’i%%?;t%%@%@ie in.the range of 0 to 9i‘§?’00491§%]t[rib iA preferred
range of the average linear egpansmn coefficient ot Glass Composition LRG0 f§'(588 is 70x10-7/0
or largey, @ RrefeHRA T MR LiHhe asH ansilianytamesgature is 630C or highats anlareferred
range of the Young's modulus is 80 GPa or larger. Glass Composition 1 is suitable as a material of a
magnetiageaniting roeMtam@ase rmupsirajmed anenergyecassisted method usingoa thighfikst magnetic
material. [0124] As a glass material which has a high thermal expansion coefficient, which is
excellerstivp adioh easistancs ot alRaliatestdiets nwhisitagduces the amogdtstwkkeinetsligon from a
surface of the substrate, and which is suitable for chemical strengthening, one having the following
glass cotipBsiiorP (nEIeiriRL:, FifSTedts ad eBIRsBESPOLIFon 27) may be préseftdd .ttt is, Glass
Composition.2, expressed in mol%, includes 70 to 85% in total of 5102 gnd Al203, provided that the
content 51 160 L BOOL B RS S G COTRerE o 503 s 336 or morel o EnceserBERIEEth

the surfaces may be suppressed with reliability.

[0068]

On the other hand, the plate glass immediately aft er the first
pressingstepiscompletedisatahightemperature andhashighfluidity
(low viscosity). Therefore, the plate glass is in a quite easily
deformable state, and thus, in a state of being lia ble to deteriorate
inflatness. However, inthe second pressing step whichis carried out
subsequentlytothefirstpressing step, the plate glassformedbetween
the first press mold and the second press mold cont inues to be pressed
withthefirstpressmoldandthe second pressmold . Here,theduration
time of the second pressing step is controlled so t hat the flatness of
the glassblankis 10 pmorless(within 10 um). Notethat,theduration
time of the second pressing step is preferably cont rolled so that the
flatnessoftheglassblankis4 pmorless(within4 um). Inconsequence,
the flatness of the produced glass blank may be imp roved. Note that,
if the duration time of the second pressing step is short, strain due
todisturbanceiscausedintheplateglassinthe processofbeingcooled,
andthestraindeterioratestheflatnessofthegla ssblank. Therefore,

30



10% or more in total of Li20, Na20, and K20, 1 to 6% in total of MgO and Ca, provided that the content
of Ca is higher than the content of MgO, and more than 0% and 4% or less in total of Zr02, Ti02,
La203, Y203, Yb203, Ta205, Nb205, and Hf02. [0125] (Method of Manufacturing Magnetic Recording
Med'“”}r%'éﬁ?aﬁ%ﬂméeéf the SJJ@O&&E@?% lfafturing a mag”e“%@%%’,‘{‘ﬁ@fm%f#@ glass

substrate according to the first em ment of the present invention is characterized in that a magnetic
recording RedibiRi 951840 TIAR is Maaslersiresiaatieast going through & elishingsdep of
polishing the main surfaces of a glass blank produced by the method of manufacturing a glass blank
according tatidve tirst eMmbeodicvenidgl s presead invantian. Hereinafter, spelkifialexdatpkessof steps
involved in the processing of a glass blank into a magnetic recording medium glass substrate are
describéd 3 mor&detdfls FiWME]FikSt, scribings peefdrtEltpren Algissormbhttined by carrying out
the press molding. The scribing refers to providing cutting lines (line-like flaws) like two concentric
circles (IHHEF YN Edhfid CRUR I OREP CSREBAT R BFEIR) with a scriber BEHRPF EBMBAR carbide or
formed &f dierlmo%r%({il'\ﬁgyrticles on %._er{gﬁgv\?f Q??rlm%eéj glass blank, in order t%)r{ CESS 1“&? molded

d .
glass blank'into a rin s'ﬁé%euﬁgvmg a predetermined size. The glass bIaHkah'avm'g]sec?lbeg thereon the

tWO CONgerria SELEs i Rty Bsatedanthine eykaide portion of the,auieh Aanseattisssircle and the
inside portion of the inner concentric circle are removed by virtue of the difference in thermal
expansion vieglgiss stheeahy sielding apdisk:shiaiped glass having a perfect circleshapapdiets, that, in a
state of a glass blank, when the size of the outer diameter is substantially the same as the outer
diametespeicdifindy ntisprescr estoadimef nietiuntinglass substrate (glassestibsaeteridpiaagnetic disk)
(when the size may be corrected by end surface polishing described below alone), a central portion
serving &R RerdIar ABRS by 5%%%16]%%‘?@8%0%iﬁd§d§féad of the scribingSsRBEI{HESNAL  When
scribe processing is,carried out, if the roughness of the. main surfaces of the glass kjs1pmor
s, ool N B L RS L Te B G sia8 hber. Note e, if (10800 GAsiD the
roughness gf fae main surfaces of the glass blank exceeds 1 pm, a scriber does not follow the
irregularities of the surface and it may become difficult to provide cutting lines uniformly. In this case,

after the main sodegps of the glass blank are made smooth, scribing is performed.

Further, in order to control the flatness of the g lass blank to
be 10 um or less (within 10 um), in the second pressing step, it is
particularly preferred that the duration time of th e second pressing
step be selected so that the plate glass continues to be pressed until
thetemperaturereachesarangeinwhichthe fluidi ty ofthe plateglass
is lost and deformation thereof becomes impossible in effect. In this
case,withastateinwhichthedeformationofthe plateglassimmediately
after the completion of the first pressing step is suppressed being
maintained, the plate glass may be solidified. In consequence, a more
excellent flatness of the produced glass blank may be obtained. Here,
the duration time of the second pressing step is pr eferably selected
sothatthetemperature ofthe plate glasswhenthe secondpressingstep
iscompletedisequaltoorlowerthanatemperatur ewhichis10°Chigher
than the strain point of the glass material forming the plate glass,
more preferably selected so that the temperature is equal to or lower
thanatemperaturewhichis5°Chigherthanthe str ainpoint, stillmore
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[0128] Next, the scribed glass undergoes shape processing. The shape processing includes
chamfering (chamfering of outer peripheral end portion and inner peripheral end portion). In the
chamfering, the outer peripheral end portion and inner peripheral end portion of the ring-shaped glass

are Cham%%a%qgtge #@H%qr%lﬂﬂ@%ﬁﬁ@?a&%%g]egua Next, the dis“ﬁh@%‘?‘i%ﬁ ergoes end

surface polis . In'the end surface polishing, the inner peripheral side end surface and outer
peripheral sidi #pei sHrieReneidhe alass URdese miror finish by brush pelighingmpuaiscase, there is
used a slurry including fine particles of cerium oxide or the like as free abrasive grains. The end
surface qfalishprigteegtavesvbentamisationdcaused iy sattpdhment of dust or thenikeeandigngair such as
damage or flaws on or in the end surfaces of the glass. As a result, precipitation of ions of sodium,
potassigRe afieiathel iiRdeshsihdrearbsivie wanipeoprevented from occurripBr§63BQreduchigyxt, first
polishing is carried out on the main surfaces of the disk-shaped glass. The purpose of the first
polishing i€ REMYGEIEWAUEHE SHAPNISASNGRCES Aikin surfaces. A miXhfAHY AicWnce
removeg by the first palishing is, for example,. several pm to about 10 pm. A inding step involving
alarge e A B Bl R o e pertormed. fn b LS OEE e ke,
which afig,Gansee by thediringing step #e apkiaepsrated in the glass. Thusrfaediskpriighing step
involves a small amount of a machining allowance. [0131] In the first polishing step and the
second pelishiagistemdappebaditstowd ardoobienside polishing apparefihe i tsedprekeidguble-side
polishing apparatus is an apparatus for carrying out polishing with polishing pads by relatively moving
a disk-sigpetbgiésss seldeiesl odishint vaelgpTing. double-side polishing apparatus includes a polishing
carrier fitting portion having an internal gear and a sun gear which are each rotationally driven at a
predetermined {48bn rate and also includes an upper surface plate and a lower surface plate which
are rotationally d|{'ven in o%p?site d#'recftions to eacglotrll(er with the polishing %arri?r tfri]t('_giﬁ%portion being

sandwiched byIBo ﬁr{heéhﬂa 28 O ggclﬁr'g@r?gclzaes acﬁ]rb 3C(§i(§[<-shaped glass ot't eoupper surface plate

and lowgr suHareRIaRe the RAISEING pars frserRedelow are attached, &achRalisbiag carrier fitted
so as to be engaged with each of the internal gear and the sun gear performs a planetary gear motion,
that is, muplvessyeird ghessiiy geap while spisaiogt [HsS2] The each pelishiungeasierdolds a
plurality of disk-shaped glasses. The upper surface plate is movable in the vertical direction and
pressespeeshr polidina g pdaoentd the fishipaessbackdnaaih surfaces of each beskeshegretugéast. Then,
while a slurry (polishing liquid) containing polishing abrasive grains (polishing material) is being
supplied tREEGRKOSHAPETUG 58 UNEIRE PBIREFRTIFHH move relativeREENRRRS ¥H thaHRINetary gear

tion of the polishi ier and the ph that th f t the | f
Diato e TS Sus P  S EE ARE TR sl the ot MR AR THBRPEQHibes of ah

disk-shapad qlpsdRelRGS: Nalehat o g fLskRelisting step, a hard rgsin polishar, for £xample,

is used as the polishing pad and cerium oxide abrasive grains, for example, are used as the polishing

materiakurface ofthefirstpressmoldandthetemperature ofthepress-molding
surface of the second press mold is 10°C or less. The absolute value
of the temperature difference is more preferably 5° C or less, most
preferably equalto 0°C. Here, when atemperature distribution exists
within a press-molding surface, the "temperature of the press-molding
surface" means the temperature of the vicinity of a central portion of
thepress-moldingsurface. Notethat,forthesake ofreference,inthe
verticaldirectpressmethod,theabsolutevalueof thedifferencebetween
the temperature of a press-molding surface of an up per mold and the
temperature of a press-molding surface of a lower m old when a molten
glass gob is being press-molded is, depending on th e conditions of the
press molding, generally on the order of 50°C to 10 0°C.
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[0133] Next, the disk-shaped glass after the first polishing is subjected to chemical strengthening.
It is possible touse amolten salt ofpotassium nitrate or the like as a chemical strengthening solution. In
the chemical strengthening, the chemical strengthening solution is heated to, for example, 300C to
400C, and a cl 06 glass is pre-heated to, for example, 200C to 300C and then immersed in the
chemical strengthen' g solution for, for example, 3 hours to 4hours. The immersion is preferably
performed unde, dstHat iavink staltRitHBRelAERS g6 Fontained in a holdgr,sesas dakerheld by
their end surfaces so that both main surfaces of each of the glasses entirely undergo chemical
strengthenim@g:siOh3AHing s ktte glaks is sopmearsew id dhe chemical stremgitirenpingssotuibiniings
described above, and as a result, sodium ions in the surface layers of the glass are substituted by
potassigh idpsatHtdsRaoPaeRI MG RIPERUGM Hditis in the chemicansa@mdthdfimtpYsiution,
respectively, forming a compressive stress layer with a thickness of about 50 to 200 pm. Thus, the

glass isEAEhPRBNEHLHAA LGOI iR §God ipactios8tince. Into “contact
Notethat theglasshavingunderganechemicalstrengthening treatment is cleaped. Far. ex le, the
glass isc Eg%en(ﬁ '\E/I\H/]lflhasﬁﬁjﬁg n&%%”&%datﬁgﬁecaeaeﬁew vr\ﬁﬁ?%ure water, isop?gé]?&rfgo%%slo(?g{), or the
like. [0138lie of (NP6 AlasEYRICtNAS WRERYRBMEReMIcal strengthenjpgeanidyiasigen cleaned
sufficiently is subjected to second polishing. A machining allowance removed by the second polishing
is, for exasmnplegiBegob pnt §023bihe preEBenpltpogerfdhe second polisbigr ésvio figishntae main
surfaces like mirror surfaces . In the secondpolishing step, the disk-shapedglass is polished by using a
double-sit¥ anilistimgashpeitae e ad anpwie tfirstipwlishitbistep, but the compokiggnadfesotisiiag abrasive
grains contained in a polishing liquid (slurry) to be used and the composition of a polishin? pad are

differenf ABANHHES IRHY MEPBwS RAESSLBIRF BBRERIng step, there SFEYEYEHSORSAIAG abrasive

grains each having, styaller diametet anda spiter polishing pad compared it ose inhe first
polishing step. For example, In the sécond polisShing step, a soft foaméd resin polisher, for example, is

used assifre ROl RRY et ings ealurnaidaadyasive grains or collgida)-sicadhany the cerium
oxide abrasive grains used in the Tirst polishing step are, for example, used as the polishing material.

[0137] toosddumdisknehapned giass palkisbrdrindhesecond polishing siep és agrin@ieaned. In the
cleaning, a neutral detergent, pure water, or IPA is used. The second polishing yields a glass substrate
for a magaesio dibk dhawviregak endon herfackeftatiresg0b ¥ pm or less(witlirafigirgiapdraogin surface
roughness (Ra) of 0.2 nmor less, for example. After that, various layers such as a magnetic layer are
formed BHOFRGIESY EUBSPARS Fog | HAgRBHECRK I Ehd a magnetic dislokgsmaldBgProught

intocontactwiththepress-moldingsurfaceofthe uppermoldis,depending
on the conditions of the press molding, generally o n the order of 1.5

seconds to 3 seconds.

[0072]

Note that, even in the conventional vertical direc t press, if,
after a molten glass gob is formed into plate glass with an upper mold
and alower mold, the plate glassis cooledto ate mperature around the
strain pointwith the plate glass being pressed wit hthe upper mold and
the lower mold, significant improvement of the flat ness of the glass
blank may be expected. However, in this case, time required for
press-molding one glass blank significantly increas es, and thus,
significant reduction of the productivity is inevit able, which is not
practical(seeparagraph[0009]ofPatentLiteratur el). Therefore,the
applicant of the subject application has given up a doption and
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[0138] Note that, the chemical strengthening step is carried out between the first polishing step
and the second polishing step, and the order of these steps is not limited to this order. As long as the
second polishing step is carried out after the first polishing step, the chemical strengthening step can
be arbitrarily ar .For ex t rder o irst palishing step, the sego lishing step,
and thegaﬁgnn%igggsﬁf?gﬁ'gﬁeoj [ n%@%%?ﬁ@r%ng#er% Br%?éée% t%‘ is "Routing 1" m‘z% aqg%gge%]d%pted.
Note thagibRAIiRga b8 AdlaRtet-sHaRR irowariias that may be prodyped by g saesueal
strengthening step are not removed, and hence more preferred is the routing of the first polishing step,
the chemitatistrepgthenivlg siep i@ tbther seoandhpobshéng step. [0139]  cdNdtesthatréss,
manufacturing a magnetic recording medium glass substrate, the flatness of the glass blank used in
the processivepatieninentoacsswptisdrbubertp Avedivetic recording risansth gassaeRaRte may be
caused to be substantially the same. As a flatness required of amagneticrecordingmediumglass
substrafd, [R5 BRGHIET M HESSR 98K WIS YRERESAfich is 10 pm or lessERHKFTAT'PRIP RIS been
require% ej/vim:1 Srgg%rdato a 2.§rﬁig|%l?ogtl:a%?i r§u‘,51)s§éraete. %Pch flatness may, Q% 'gatseilﬁ/tal com rIés.hed by a
glass blank pro uc%dqgf/)ptﬁe method o n?anuf(acm)rmg a glass blank according to fhe tirst embodiment
of the piesent invention. The "flatness of the glass blank used in the processing and the flatness of the
produced magnetic recording medium glass substrate are substantially the same" as used herein
means that the[fiatrgiss of the glass blank is 105% or less with the required flatness of the magnetic
recording medium glass substrate (magnetic disk glass substrate) being 100%. [0140] Note that,
when the flatneé$ssohtieg gidbe bitink ikeseitita prberssmguei the flatness of theylroduged agnetic
recording medium glass substrate are caused to be substantially the same, a step such as a lapping
step whitANKI BRI FQANRRINTEEFRRE PRZPNERIPEREs thereof being tBRTSMIVERRARARSEss may be
eliminated.tlg(())]d4sllln(iMet pt(i!]gfvl\él nufaé:turin%Mggpﬁilglzalﬁecording Medium) A mﬁ}lhnod.of

manufaglﬁrlng a malalﬁe ic recor@i(ﬁ&gﬁl m'erz%(l:lﬂ r8ccord|ng to the first embodimBAt of the prgs!gnt

inventiog,is;eRAALIRHF el RNt 3 LAQIREHE re6FHPg fpedium is manufactyred fu &t IGgRi going
through a magnetic recording layer-forming step of forming a magnetic recording layer on a magnetic
recordingh n@divet ghassrsubsiateawagditeatdy tharsetiasd of manufactdripa apvagpriigr@cording
medium glass substrate according to the first embodiment of the present invention. [0142] A
magnetio redarding thedilataspéss caltedxfoe medmphe cataragnetic disk or a halk dislgeatiiss suitable
for internal storages (such as fixed disks) for desk top computers, server computers, notebook

COmputéqggi’litatesanattempttoaccomplish,afteramolte nglassgobisformed
intoplateglass,boththeproductivityandtheimp rovementoftheflatness
of the glass blank. Therefore, itis thought that, when a glass blank
is mass-produced using the horizontal direct press, carrying out the
second pressing step in which, even after a molten glass gobis formed
into plate glass, the plate glass continues to be p ressed until the
temperature of the plate glass is equal to or lower than atemperature
which is 10°C higher than the strain point justres ults in significant
reductionoftheproductivityoftheglassblank,w hichisnotpractical.
However,intensivestudyoftheinventorsofthepr esentinventionrevealed
that, in the horizontal direct press, even ifthe s econd pressing step
was carried out, reduction of the productivity whic h was significant
enough to impair the practicability did not occur. The reason is as
follows.

[0074]
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mobile computers, and the like, internal storages for portable recording and reproducing devices used
for recording and reproducing images and/or sounds, recording and reproducing devices for in-car
audio systems, and the like. [0143] The magnetic reco rding med ium may have, for example, a

configuration i WQ{'cn]%Le_:ggh%@ﬂpgégﬂégg%f%? mdﬁ%qoat layer, a magnetict qusgj?%%%%%etic

recording layer), a protective layer, an ricant layer are laminated on the main of a
magnetjg pesosdingmaadiven glees sikatiatgfrgueptially, starting from thejdayer ¢lpsethremain surface
of the magneticrecording medium glass substrate. For example, amagnetic recording medium glass
substrata dsrintred atesk inth adilimegarwithgtapparatusdnl which pressure igitadimeyiscwkaqach layer from
the adherent layer to the magnetic layer is sequentially formed on the main surface of the magnetic
recordirftistidditian hass et bytires e Y itithedphere by using a DC nfaghERoa lopatisheig method.
There can be used, for example, CrTi as the adherent layer, and, for example, CrRu as the undercoat

layer. ARSEHEEHIILMBIRRBLP KR 18HALNEHRAR" SPStEctive layer is forABH RRHVYYEIAAL by using,
for exaru,plutlhe(b L?tf(a:i\/Do%%th&ﬂe%nadnt en. rHt(gir(IJIi%% ttarlEatment including ir&tlrrogyc:rig&naiy(ﬁgnen into the
surface s carried oUt In the same cham er, fhere y being able to form ﬁ'\epmagheﬁc ré’cording
mediumy, fiigh §hals b eaRen BRIKIVRIRNEIhSE (PFPE) is applieds pn theunreiesiivewayer by a dip
coating method, thereby being able to form the lubricant layer. [0144] The size of the magnetic
recordingen&dingmis|teoi gaesifiopllyriaitadr & eveaneriehemagneticrecordigginegdibagessgubstrate is
formed of a glass material which is excellent in impact resistance, and hence, it is suitable that the size
is 2.5 inehndinlessoliich & otantemidnoyeppresisiealtdsitsily likely to be expdbedstarimpéee from the
outside. [0145] <Second Embodiment> (Method of Manufacturing Glass Blank for Magnetic Recording
MediunPEEEs <8It atRSaAd M akutaetifABeARYAFafiS sing the Same) PUIR AUSERTH of

manufagcturi lass blank for a magnetic recording medium glass substrate (hereinafter, sometimes
abbrevigg{ﬁ@aor%(ﬁ it(lj%(e) rﬁgﬁﬂfgqg?a%ﬁé)'%% g@%chra%ﬂ?') according to a sg??)%(%tgrrﬁk?%é}ir%ent, there is
manufagitedg glagRbla{on adnaanets spersrling medium glass sypatiate:(beicloafisy, sometimes
abbreviated as "glass blank") at least through a press-molding step of press-molding a falling molten
glass gl avithnnyfiisd IpFRSAABOIgoaRb e praaN6 PIeRs faqld placed so as taxbadepyasediankach other in
a direction crossing a direction in which the molten glass gob falls. [0146] Here, at least the first
press nioldiagteastmicickiessagatmgbenolizbothicigadng a press-moldingrsastaoghanericgliide member
having at least the function of maintaining a substantially fixed distance between the press-molding
surfaced 167 $he' fifst [518R8 THERIalils fE SHEDEIPES U oI in the press nddHIRME Ob¢ IS pushed to
the side o%a press mold which is placed so as to be opposed to the press-mgld'n surface, being

(o] e

broughtqﬂ ”E:'cﬁ%é{%{% déJB&PP Bﬁﬁésﬁ?@éjérﬁgcﬁ%%hich is placed so as*to B8 I%%“ES The

press-rqg([ﬂiqg %Hgaﬁgrigqﬂ%ﬂ direct press taking into con sideration the
temperature distribution of the molten glass gob. Therefore, the
difference between the average temperature of them olten glass gob and
the strain point at the time of the start of the pr ess molding in the
verticaldirectpressislargerthanthatintheho rizontaldirectpress.
This fact (first fact) means that, in order to cool a molten glass gob
which is formed into a plate shape to a temperature around the strain
point,ifthe cooling speedsofthe moltenglassgo bandthe plate glass
are the same in the press method of the horizontal direct press andin
thepressmethodoftheverticaldirectpress,the coolingmaybecarried
outinashortertimeinthehorizontaldirectpres sthaninthevertical

direct press.

[0075]
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Further, the press-molding step includes a first step of forming a molten glass gob into plate glass by
bringing the first press mold and the second press mold closer together until the guide member of the
first press mold and the second press mold are in contact with each other, and a second step of

continuing (0 piess, Nith He, Rices, Malchody of ey fishpress gl and the second aregs, pld, plate

glass with the guide member of the first press mold and'the second press mold being in contact with
each othess[flk ofth R8s ineliiR firstisianiat daginress-molding step dpedissbRresadnelsd and the
second press mold are brought closer together. Therefore, the molten glass gob is press-molded with
the firstgeessyotokhande péase gtass presseneohdli it plate glass. Further, bypaging éhe first press
mold and the second press mold closer together, the guide member of the first press mold and the
second pRESS oG B dsyvilitt aned corgactninteoaiaet other. ThereforeWatHIS Peilke Notape, the
substantially fixed distance is maintained between the press-molding surfaces of the first press mold

and theXBtoM@ 157ERE FHilAR IR FBRYE! /1% HHCKAER deviation of the pldtE YRES SIS hed between

the pre§ﬁémoldlilré%surfa8qg Inr?gllyebe sd%vr}i]f(iecanjljryf reduc(ﬁg. 'It'hus, as a resultalihe icknes§ deviation of

the obtalneaogﬂa Blank may al%0 be signi i t?f tfeduced. [0149] Howé)\\;ver?mpt & state

immedigtelysfterineiest stan dspeawisieduthsuniaisglass is at a high {srperaiygand dias high
fluidity. Therefore, the plate glass is in an easily deformable state. Therefore, if the first press mold and
the secosnd press pdwe. rmeved mivaydrasarackcother and the plate glass, istaker aubitnmediately
after the first step is completed, both the surfaces of the plate glass are supported by no member, and
thus, thensldte grase isodasig eefsmiedo nihishidbtesohates the flatness dfehéoprodngdidnglass blank.
Inconsequence, it is thought to be Eérieferred that the state in which the guide member of the first press

mold artMHEESEBH@ PSR ATSIEN AIY T HHH Svithfeach other be mailEHFEARIF 5 EERLEA while even

after the first step is completed up ortg th the surfaces of the plate glass by the press-molding
curace D B AL M T hB AR ion of the plate ot Gl be HEsaAEd by

supportmg,gqygrqﬁkeapm,fggpﬁgggh%nggggma}gq}gv{press-molding surfages, drtefpration of the

flatness of the glass blank may be suppressed by taking out the plate glass after the plate glass is
cooled igrerysariTe ibdichty harael do barowesechgalost. [0150] Hoaveete theaptateglass in
contact with the press-molding surfaces shrinks in the process of losing heat to the press molds to be
cooled. Trefefdriseif thd tistamea bethatah skreipeasshimolding surfaces imasgdiitetyeaiterttiee first step
is completed continues to be maintained after that, a gap is formed between the press-molding
surface§ ¥ 858§ 460 8RO PR ERT80 PRKIAY eRE S hrinkage of the §1EESHIHANA[SEPRR consideration,
it is diffiqult that the ress-m?{din surfaces always continue to support both the surfaces of the plate
glass. 11 EBFORETENEE BALR D L05E35 BRI BLi8b member of the HLISKIALS Rold and the
second press rﬁ%@}éa]re in contact with each other is maintained for a further while after the first step is
completed, it is difficult to suppress the deformation of the plate glass. [0151] However, in the
second step, theaplatea@sH 60INEREIAREMERSEd Mitdhe REassrMold body of theififstipress mold
and by the second press mold with the guide member of the first press mold and the second press
mold berepmiconbadci meth exads ath e ddota g peciboally, the plate glass cuntimoésh éorizgtpressed with
only the press mold body of the first press mold being brought closer to the press-molding surface of
the secORPPIERR YHRN Thisvenei@ Idfeh i @te phakediasstshrinks in the thickRBS&HWECARHEreof, the
press-moldin%ﬁsurfaces continue to be in intimate contact with both the surfaces of the Rlate glass,

respectiV&y TGN Y G4y BRAUSFHHBEARTHE SHEES of the plate glasy! FHehYf8MR described
above, Bngaog?&@?q%'ﬁtﬁ]géﬁ‘gsvgmgf’m r'éﬁ ?#Qc?é:esrﬂf the plate glass being glyayg sypported by

the press-molding surfaces and taking out the plate glass after the fluidity thereof is lowered or lost,
deteriorp§pdl heiilabngss & theslasmilaak snaypbessuppressed with moge elphilityrried

out,reductionofthe productivitywhichissignifi cantenoughtoimpair
the practicality as in the vertical direct press do es not occur.
[0077]
The method of manufacturing a glass blank accordin gtothefirst
embodiment described above is not specifically limi ted insofar as at
leastthefirst pressing step, the second pressing step, andthe taking
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[0152] Further, in the second step, the press-molding surfaces of the press molds formed of solid
members having the heat conductivity higher than that of gas such as air which exists in the gap, and
the plate glass continue to be in intimate contact with each other without a gap, and thus, heat of the

plate 9'%ﬁ?s'gﬁﬁgi%iﬁwr&ﬂ}(d'gﬁﬁgrmﬁ,8({;‘?&%%?@?}@ herefore, lowering ‘gr%‘r%ﬁ%q%%f REplate glass in

the press molding is more promoted compared with a case in which a gap Is formed between the
press-maiiaggew fanes A dibp patehglaasdThriefpre. ata@ point in time at whigle g plate glass and
the press-molding surfaces are moved away from each other (at a point in time at which the second
step is ¢coehpleigd) etine Itkidjty afghie fplaténglsied s éurdizer lowered and thébplhtengdass ésai a state in
which deformation thereof is less liable to occur or impossible to occur. Therefore, also from this
viewpoititttrfeitaydnen diotedhsihte dlaselleiengsepress molding is less'iptie t@asesirtiand the flatness
of the glass blank may be reduced. [0153], Note that, in the method of manufacturing a glass
blank a@¢RYRNG & HRWLBHI 'BRHBARNMEHE BMYEE first press mold may at least include the press
mold body and H\%ﬁ%ride member. In this case, as the second press mold, for example, a press mold
that is a cyIindér aving one end surface forming a press-molding surface may be used. In this case, in
the first gieRethe ddesgembeniaf tBesdist press mold is brought into contact with the press-molding
surface of the second press mold. Then, in the second step, the plate glass continues to be pressed
by the press moithkathiiehtiadigs pressinysid pradnoytéhgiaecond press molgsyibiiig gyislel member of
the first press mold and the press-molding surface of the second press mold being in contact with each
other (stwthi ppegssmolding gracesioistisererhafest sometimes referrdd emnashigetysesksingprocess”) .
[0154] Further, in the method of manufacturing a glass blank according to the second

embodifiEROkeRsl B3 tAPSTRES HIAYARY BTESecond press mold'th4y ! 1648 Relife a press

mold body havin ress-molding surface, and a guide member having at least the function of
maintaiﬁ?r%ésagggag%a(%f?eﬁ@/%x%%’aﬁg rr?&ft %’ré Iaesés'n%)'f“?gI‘E)res.s-molding surf?é)cnég 8lfat?15é0ﬁ?s|.c%ress mold

and the 360 REES IR HiERIESH BOIdNG Ly rng&Q‘%‘” pushed to the sidg, 3 RIEgHRPId which is

placed so as to be opposed to the press-molding surtace, being brought into contact with a part of the
press nipdd/whiahds wlacedisenas éetlzalappesed. tnthe press-molding siiracethdbisiggse, the first
step is carried out by bringing the first press mold and the second press mold closer together until the
guide mentyersof dheefir siupises s s1ioldegradateef guidthenevmber of the secondgirgsassblaiatieebrought into
contact with each other. Then, the second step is carried out by continuing to press, with the press
mold bd@{"6Hth8 THRPEENS RRYIBCANA BRE e CRIINAISEY of the second pféd¥ Rfoltsathe Pi&te glass

with the uide_tme ber of ‘he firFt ress mold and tlbe guide member of the seco _dgr?ss mold being
in contaCCWit &ach ‘?hrSP(t&TcH 3%%(&'3&%038%&?8 ¥ds is hereinafter somERHES' PSRIRES Y0 as

"seconq IGRSING; RIRCESS dpl e the ANRIRJRRININ carrying out the sepand step with regard to the

press molds each of which at least includes the press mold body and the guide member that are used
both in HiaifsahBpREsHIIMREESS ENELE TR §eeend pressing procesgyib@sarsvielskhody and the
guide member particularly preferably have the function of separately moving toward the other press
mold wibielt s plat=titsd ageta beedpposeddd taduprass mold. [0156] ndeeahngdiatPaf srianufacturing
a glass blank according to the second embodiment may be carried out through any one of the first
pressing PRILEER #nd the second pressing process. However, for the purpose of obtaining a glass
blank having a similar extent of thickness deviation and flatness, from the viewpoint of shortening time
necessary for th%oal%ss molding, for example, to on the order of 1/3 of the first pressing process, it is

ticularl dt fe [ blank di .
embodimont bo A o B0 The aL LG Y pdca. The reson 1o AU T the

structurgs fr thedainet PiRsai MAIHsd1sachbeeome rahe similar to each giper prithensafea in the
second pressing process compared with the case of the first pressing process, and thus, cooling of the
plate glassslogate tbbaingerethepdiusfrateldsnnFag e earried out more symmegtricglbstrdimwboth the
surfaces.

20iscausedtoflowoutcontinuouslydownwardint heverticaldirection
from a glass outlet 12 provided at the lower end po rtion of a molten
glass effluentpipe 10 whose upper end portionisc onnectedtoamolten
glass supply source (notshown). Onthe other hand ,ataportionlower
thanthe glassoutlet 12, a first shear blade (lowe rside blade) 30 and
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[0157] The method of manufacturing a glass blank according to the second embodiment
described above is not specifically limited insofar as at least the press-molding step is included therein,
but, usually, it is preferred that a molten glass gob forming step be included therein. Further, after the

- ' taki of ' ' Id and t - Id
e i o O ol s

ate glass s carried out. The respective steps in Ing the molten
glass gelmfRINING e aNGine fakingcaykfteR e described in more:deiaris befollawing. Note that
in the following description, description of points already described above is omitted. [0158] -Molten
Glass GubgeordidtntaSteps centrin thésniglteni ghasstigebafiorming step, a moltiery glasstgobokith regard to
which pressmoldingis carriedout is produced. The me thodofproduci ng the molten glass gob is not
specificHIg Mited dbegs dsvaiRe - tHé enenet gldsPhsteiddormed by causingmofén'gressd ¢all from a
glass outlet and cutting a forward end portion of a molten_glass flow continuously flowing out

downwd@$§ tHER8MRCH) BiFRGISIP NUB AL tHe WGy of the forward SREPHIBIE YRR molten
glass fl a pair of shear blades may be used. Further, the viscosity of the molten glass is not
specific%ﬁvﬁ/(iferﬁ?tlread ?ﬁ('ssb?g?g%a\f\hfic\ﬁslséorﬁw |a2 %%glrél%%te for the cutting of' tﬂéﬁ%?\'/%r% aéﬁr% portion and
for the prgsemAGiAG MvbcusHalba itis Biekeriad dhad the viscosity be crurgliaditq RAYS e
predetermined value in a range of 500 dPa.s to 1,050 dPa.s. Note that, the viscosity of the molten
glass gelitnanadia®lyipiore the fpoesshmalghingidkatso preferably in thetabmfegientianed range.
[0159] Next, a specific example of the molten glass gob forming step is described in more detail
with reféiireeres pestdvalyitigerdhythenrienngadsysiidorming step, as iHodrardidm2 F&Blel1, a molten
glass flow 120 is first caused to flow out continuously downward in the vertical direction from a glass

outlet 122 HfotIAEE LOtRESIARY EhE PBriON 0F IS RistBffluent pipe 110 whBSEEH IR ENUWbrtion is
t It | | t sh ). On the other hand, at. ion | than th
s o0t 105 B RS LGS G UL 130 and a second A HAL Qsher side

glass ou , a ower si 5e) 130 and a second shear blade ?upper side
blade) 140,316 aHigRAe A hathsides AhbmBMiep glass flow 120, respegtivabpibts difgction
substantially perpendicular to a central axis D, which is the falling direction of the molten glass flow
120. Thenbowertsigiglatadeubdpdyanslitbe wppar Bideblasamldd move in a diregiéen. of the arrow X1 which
is perpendicular to the central axis D and which is from the left side to the right side in the figure, and
in a direction of@é@rrow X2 which is perpendicular to the central axis D and which is from the right
side to the left side in the figure, respectively, thereby approaching a forward end portion 122 side of

the molten glass B 1 JtPONE bR RS SORBAHMMERRARSY flow 120. Note iR 3HE 4RRBERY of the
It | fl 20 i ntrolled by adjusting the t t f th | | ffluent pipe 110

e RS e i S BETER U G A horeof. 01601 2 AAGERT 0B Totfer aido

blade 130 angl e popereride-Rlage J40hays subsiansially plate-like body, parions.43s apd 142 and

blade portions 134 and 144, respectively. The blade portions 134 and 144 are provided on end portion

sides ofpiheibRdi POHiaRs HatR padt bhd, 32 spadfivelys@d cut the forwargensipostiere 42 &f the molten
glass flow 120 continuously flowing out downward in the vertical direction from a direction substantially
perpendmwarde tldg diteutian ontivdirchithe ghrdteioglass flow 120 falls dowmtiNatesthdipamgpper
surface 134U of the blade portion 134 and a lower surface 144E of the blade portion 144 each have a
surface QUFARREANLACBIHS 0T AT H 3B bIRINFdHEE Gand a lower surfaé® 34Psttké!blade portion
134 and an UE er surface 144U of the blade Portion 144 each have a surface that is slanted so as to

cross tHEHFEGHERP QRS BURAHEP TR YOS, Eﬁi_@B‘Hﬁb 130 and the upp®PSRUEBYR'IUD are placed
o et Ui iea LR st g’ o e v s e e
illustrated i £d@ 482 theclaviieside Riade L3CRRMER sur face substantially

coincidentwithahorizontal plane,andalowersur face 34Boftheblade

portion 34 and an upper surface 44U of the blade po rtion 44 each have

asurfacethatisslantedsoastocrossthehorizo ntalplane. Further,

the lower side blade 30 and the upper side blade 40 are placed so that

the upper surface 34U of the blade portion 34 and t he lower surface 44B

of the blade portion 44 are substantially flush wit h each other with
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upper side blade 140 are each moved in the horizontal direction so that the upper surface 134U of the
blade portion 134 and the lower surface 144E of the blade portion 144 are partially overlapped
substantially without any gap by further moving the lower side blade 130 and the upper side blade 140
toward [rectio . .and the direction of the arrow X2, respectively. That is, the lower
side bla%leg p%g%%ﬁ tﬁ&%&%@%ﬁ%éﬁe 140 are caused to perpendicularly cross the central axis D.
As a result, therlyuey side blade 130 and the upper side blade 140 penetrate into the molten glass flow
120 to the vicinity of the central axis D thereof, and the forward end portion 122 is cut as a molten
glass gob 124 hawinga isubstarithily meherjcakbdbaee siietdé that, FIG. 12 illustratee th@andnent when
the forward end portion 122 is separated from the body portion of the molten glass flow 120 as the
molten gRrer §ote 1had ¢dRiase, eis e i EIG! ZYNise molten glass gt 12ancen fieh the molten
glass flow 120 further falls to a downward Y1 side in the vertical direction. E0162] -Press Forming Step

(First SEF)YPPer SHTRES PN $EAERIRG HASIRh YIS gob 124 illustrAfGWEFiE 18284 Hressed with
the first press mald and the second press mold which are placed so as tQ he sed to each other in
a directf(g)}r%%cersgé%?r?d) t rg' ?glﬁrﬁ?gaaﬁrg%[ﬁ)ﬁ%f) %%%quteegnsglass gob 124, ancﬁ iséb[ cr)](r?tr%e% %ﬂgoﬁilate shape.
Here, it js, preferesoithatdhe Bush grees Bwld aid thameeensl press mold beplaged sp@sdpide opposed
to each other in a direction substantially perpendicular to the falling direction of the molten glass gob
124 so amtefoonamangle diradiangefeh&Qdegrresnkidegree, and it is partictdatiyrpseteeed that the
first press mold and the second press mold be placed so as to be opposed to each other in a direction
perpendivglartd. ties peliiigedire Etiohi ofttree omsitendglabs gob 124. By plasitg3fepatheiupress molds so
as to be c%[)?fosed to each other with respect to the falling direction of the molten glass gob 124 in this

way, it i§'AfrtHeF Pt iR G0 IR LS RFERPBIIEHIGIALS'@SE 124 evenly from BBFESUBLAKED B-plate

shape. [&)163 FTrther the tler@g%atu&%seof the press-molding suri&c&%é)gm%ﬁrst“press mold and

the secor?(?brséuslé’tmhg 8‘%?%{9 |3 8y before theuﬁr%?rstep is carried out S preferab eé](ﬂauzﬂ {o or lower

than a tempeAtERAMAICR &1IIRG dukierdhan fReniRin point of the glassmatstial fuwiag the molten
glass gob 124, more preferably equal to or lower than a temperature which’is 500 higher than the
strain pas of ther giassnaterfahiermiagdpe rmeiten iglass gob 124. By sgttizththe iempgrigdures of the
press-molding surfaces in the above-mentioned range, fusion between the molten glass gob 124 and
the prespmeldlihg sodagestipstiaa abgssmivtdiogl mbgbe. suppressed with reliabilityatT HaEowger limit of
the temperatures of the press-molding surfaces of the first press mold and the second press mold
immedidteR} 1368618 QM SNEVCIRIB&IREHB HERIRR EPACIfically limited, BAIS $Rﬂﬁrétﬁfﬁjgﬂﬁhl viewpoint,

that is, in order t t k in the glass blank due to rapid cooling of the molten gl b 124,
i oraertls RV RLHREHTF RIS 6 il ShatRaNG of the motten gl SEbABF AP0 rapia

increasg pf HlﬁtWéF,%%Wd@t?ﬁ?eﬂﬁﬁlﬁ—ﬁh@?%'%@m%ﬂ%rﬁhe like, itis preferreg, that fheJgwerignit be equal

to or higher than the strain point of the glass material forming the molten glass gob 124. [0164]
Further;ilbeahsabite yabye of tha dlitinsensgolsiwgen the temperatucgyatibe miesemelding surface of
the first press mold and the temperature of the press-molding surface of the second press mold
immedidiedgtiefiore the first step is carried out is preferably in a range of OC to 10C, more preferably in
a range of 0C to 5C, and particularly preferably OC. In this case, the temperature difference caused
between both tH¥8dlfaces of the plate glass which is formed into a plate shape by pressing the molten
glass gob 124 may be St#ggressed with more reliability, and as a result, the flathess may be further

improved. [ohBE}SSN9 S

In the first pressing step, the falling molten gla ss gob 24
illustratedinFIG.3ispressedwiththefirstpre ssmoldandthesecond
pressmoldwhichareplacedsoastobeopposedto eachotherinadirection
crossingadirectioninwhichthe moltenglassgob 24 fallstobe formed
intoaplateshape. Here,itispreferredthatthe firstpressmoldand
the second press mold be placed so as to be opposed to each other in
a direction substantially perpendicular to the dire ction in which the
moltenglassgob24fallssoastoformananglein arangeof90degrees
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Further, the absolute values of the temperature differences within the press-molding surfaces of the
first press mold and the second press mold immediately before the first step is carried out is preferably
in a range of OC to 100C, preferably in a range of OC to 50C, particularly preferably OC. By setting the
temperature distributior i? - ' rfaces in the above-mentj jt becomes
further %gls%lg% éstrgeltt\g?[;{\% nﬁ?/@ﬁlc? ﬁfﬁ{/‘g&%%ngcﬂt}i% Eﬁass gob 124 in the g?ﬁsgspﬁ%%ﬁgggs a result,
even wher aglase Mlank bsyingia seglierdhisknass isdnpifactured, a glassdlariawhighds excellent
in flatness and has smaller thickness deviation may be more easily obtained. Note that, "temperature
within ai prasisentidaipgrperieaoril anearns Wneparatinevmeasured in a largesh tagion lite miicksthe
press-molding surface and the molten glass gob 124 stretched into a plate shape are in contact with
each otBebin4HallsreBy MariMytTere6] of pragexnalses first step is describ@Rmbrd eatIfeaty with
reference to the drawings. First, the molten glass gob 124 illustrated in FIG. 13 comes between a first
press Mol ABDARE 448G TR TTES HOR"EEHWHIEN B placed so as to H2B5IBEEENPESEh other in a
direction perpendicular.to the falli irection. Y1 gf the molten glass gob, 124 as j|lustrated in FIG. 14.
Here, tk?eéhré%?oa}egénmdfdwlago 'ﬁr?c? '%ﬁ%esﬁggrq' apilreeass mold 160 before thetop[r)éggsrﬂzﬁdpn%ﬁ?sncarried out
are placadat g&b"it@fé/@éﬂ? #1IR PERRAASSTLIR LacAes in a direction haying fine skaypetry with
respect to and perpendicular to the falling direction YI. Then, in synchronization with the timing when
the molten glage@®] 124 reaches the vicinity of the central portions in the vertical direction of the first
press mold 150 and the second press mold 160, the first press mold 150 moves in the direction of the
arrow X1 whicHigr epehditenap ecatheciafihth dirsessnmol damgl suhich is from the |éftcsidetdithe right
side in the figure and the second press mold 160 moves in the direction of the arrow X2 which is
perpendiEHHBI&BStRE A AR B SEGOA YA SFAIVPNIA B FFIAT the right side fO%RETRIE Higd!tthe figure in
order to oress-ma % thle morlrtlertlj| %Iaﬁsgortéf]émb? greﬁﬁins? from both sides. North thg’rt,twa?nrréoving rate
of the first pres% miol' 156 In the direetion 6f the arrow ){ and the moving rafe of the secorid press
mold 168 iuthe AesHiRhel redymuRhaiesalipde he same o syisiaglialihecsane. [0167)
Here, the press molds 150 and 160 include press mold bodies 152 and 162 each having a disk-like
shape, respajivedynandroyisls genaeradies ritedrdbs aganged so as tousukesneieeeter peripheral
ends of each of the press mold bodies 152 and 162, respectively. Note that, because FIG. 14 is a
cross-secteomagé ratwve thdighide shemiudver 154 ratitk I8vhare drawn as being pogitnd tieel @adsoth upper
and lower sides of the press mold bodies 152 and 162, respectively, in FIG. 14. Further, drive
membe A IRGIHE B9 &2l inpr a0dipRé - dR ¥ RS of the arrow X1 BB ISRRAMRY YHeSpress
mold 160 in the directifq] of thrz arrow X2 are omitted in the figures. [0168 One surface of each of

the presosf SR oaree 158 3NderE5 'S r?/g]s}%esag%YS's@-‘?nolding surfacenié?,&dorra P85AYE M her, in FIG.
14, the Héﬁm@r?%h@%ﬂé%@ggs?%%%Rheesﬁr@@%%’i are arranged 50 (Al e MG e

press-molding surfaces 152A and 162A face each other. Further, the guide'member 154 is provided
with a gidesSmdanagLRAg. bENGH sdeesitionadrenasIig project slightly with respacirtetiteof
press-molding surface 152A in the X1 direction, and the guide member 164 is provided with a guide
surfaceth64édmpietuise positiened sorasltbny ejetastighfly with respect to bledipresse ssotthity surface
162A in the X2 direction. Then, the guide surface 154A and the guide surface 164A come into contact
with eadi dther e} TRBLIRTE T Prelssi mpRitieinaeierréhg dap is formed be&idEAIHE PAESB-molding
surface 152A and the ress,—r_noldir_%%ﬁsurface 162A. Thus, the thickness of the gap corresponds to the

thickned¥EBFFEMETAPHREL GUN TBUSRBIH so as to have a plate”SHREAE P BEHE PUSs-molded
b irs Id 160, that is, the thick a gl
etweeéhgﬁg',rﬁli RiGRy {H?ég%@%aapg @&?ﬁ%%@dgpa{?% mold 160, that Is thgn'k I&HQ%S“%;J% glass

blank. er, the press-molding surfaces A and 162A are formed so that, when the first step is
carried pgbsRgthatitne maltan glass gob 124iks sempleteheextended by pressufe didheivantical
direction and is molded into a plate glass between the press-molding surface 152A of the first press
mold 15@ dunctithreopressineatdialsyréddecib@keafdiag secondpress mold 1ob, 2t deasbregions (molten
glass stretching regions) Si and 32 in contact with the above-mentioned plate glass in the
press-mbriRRp SeRRESCOS AP 16BN fddime 80Bstantially flat surfl@bikRiBEPtRER iBdhe example
illustrated in FIG. 14, the whole part of the press-molding surface 152A including the molten glass
stretchiffieBRIT 6T HHATHRE GMLR B Yol BRRE0lding surface 162 RAREIRGHE folten glass
stretchingarsegriwg){g\t g%a??gpm%e ?huesu%l {gant st%rgaceo\gl )ge curvature is substantially zero. Further, the
flat surfdce has on y minute igregugrl{les Ich are formed when usual flattening processing, usual
mirror polishinq@gg?ssing, or the like is applied at the time of manufacturing press molds, but does
not have convex portions and/or concave portions larger than the minute irregularities. [0169] The
glass blank is rrankactured by ssres maldimgdheawaolienegtass:golkth?4 by pressure bedeieeththe
press-molding surfaces 152A and 162A. Thus, the surface roughness of the press-molding surfaces
152A and 162A and the surface roughness of the nagin surface of the glass blank become
substantially the same. The surface roughness (central line average roughness Ra) of themain surface

of the glass blank is desirably controlled to the range of 0.01 to 10 pm in view of performing scribe
nroce<sinA and arindina nrocec<sing 1icind a diamond cheet that are carried o1t ac the nnet nroceccac



[0170] The molten glass gob 124 illustrated in FIG. 14 falls further downward and enters the
space between the two press-molding surfaces 152A and 162A. Then, as illustrated in FIG. 15, at the
time when the molten glass gob 124 reaches the vicinity of the almost central portion in the vertical
directiolge 59?385??%”%1&355%4@8&1 éiéﬁggg c}f%’g‘ Hprallel to the faIIingt (i#gg i(?ﬁ'ollld Q]t@ side
surfaces of the molten glass gob 124 are brought into contact with the press-molding surfaces 152A
and 162fe kisnpeitdf PECTRIFROLIAL ARy 3lathiteRIiGnd5, the press-molding suriaces 153 and the
press-molding surface 162A be brought into contact with the molten glass gob 124 substantially at the
same timenedetriyughid et etintagt st istpsttially @riihe same time” as used dtésgire faedng that the
absolute value of the temporal difference between a point in time at which the molten glass gob and
one of tiegprasgard|@irtg uHAdespeehpoeighia ioie@ntast with each othergafdpeit & &me at which
the molten glass gob and the other of the press-molding surfaces are brOLﬁ!@ht into contact with each

other isRAIEHEINP G fE88YPh& alLBIstaAlGE BF tRe temporal differeie& S IRLTRSSR3ATSBly 0.05

second or Iesgh &ﬁtt%%f&rr%%( % ﬁagl?)?ﬁ esé i?é th(\-;,-v same time). Note thlas'ff for tthem %tlée pft Eeference, in

the vertPc%ltIWdelrec press, time taken ten g'l%rés gob to, after beln(grtr)]roug IS contact with
the presgrdipg sudpreRbthR INe) 2Q1d 0B Riprgidnde contact with g quesswgldingsurface of
the upper mold is generally on the order of 1.5 seconds to 3 seconds, depending on the conditions of
the pressimoldipgaliildd]a resufyriiher)atie psatetyasethat, as illustrated in kikthelSnipe peess-molding
surface 152A and the press-molding surface 162A be brought into contact with the molten glass gob
124 substantiallfG#%the same time, and, at least during the period in which the press-molding step is
carried out, the temperature of the press-molding surface 152A of the first press mold 150 and the
temperature of THEPPELEEABRANY VAR IE 1C BPFIA YEEShd press mold 160 HEREHBMAIMAIlY the
same. Vt\ﬂth this, both the surrtfaces qf th .mPIten glr%SF gob 124 which is be(i{}%‘osrer@ggointo a plate

shape in ﬁmgrﬁrssé’fs 8'{9'{5}% boftr SeostLTr aces of the p ao{e glass sandwich&d between the’ rpeaIcirS'of press

molds 158,anehHA0hiadNg 56N SIEPHRLe pPELIHECSR pecooled always sympmetrically,dngthis case,
compared with a case of the vertical direct press in which a molten glass gob in a state of having a
viscosity @igrintion duarigdastoter b crovact witheadayreramold is press-melgad, alanogs oo
temperature difference is caused between both the surfaces of the plate glass after being
press-nilded, 1€ timasti detetip ratder alb th 8 atibssalise to temperature diffetentshetvedere both the
surfaces may be suppressed with more reliability. [0172] "Substantially the same" as used herein
means ﬁéirtﬁété’d‘sol‘(!t@\fhlu@%f tAEcaffBIRlE_beiNEBRtRe t@mpberature of the press-ibldiRg surface

152A of the first press rgold 150 and thte temvpeiature of .ti‘\e press-molding s rfaceI 162A of the second
press nfold 68168 rrl%gg?*rhoesébesﬂhfae va Meagfj tWér}é’mperature differ&hed " 1o ?)Sr%ferably 5C

or less, éPBSLP(ﬁﬁ@{?%&%NBFRJ'B%EW@AEG}%%{&M‘? distribution exig(s yyitlinthe, press-molding

surface 152A or 162A, the "temperature of the press-molding surface" means the temperature of the
vicinity afi eanjras Perinr fihey Bressdneplding faytasen Note that, for tha gakeupé defegenae, in the
vertical direct press, the absolute value of the difference between the temperature of a press-molding
surface whakwipperseande ket ithidateeseratiresshaapess-molding surfatke ofree ksder iadch when a
molten glass gob is being press-molded is generally on the order of 50C to 100C, depending on the
conditioM&%f Bge press erddingeptansf.  Neferdhipt adépdp@iaitnsideration of the WeRpbidt of
preventing the situation that press moldin% becomes difficult to carry out because of the increase of

the viscBSSPaTS FAllthg B ften BRAR JEBTR SR B thi Sitedifsh that the posifiEnBREELE Htuates
becaus ively hi lj t ing distance is pre [ rom the range
of 1,00 r?}\;r%ﬁ Ec])rﬁﬁgs%?%cs)r%Qr%?e%lg@gs%)gﬁ%g ?r%r@#ﬁe%range of 500 mrr%g1 I%bssgggjllf?%ﬁ%greferably
selecteghi@apinesrangs of SHO MR IRsS b itieferably selected fropyilae raggsm efdd§. mm or
less. Note that, the lower limit of the falling distance is not particularly limited, but is preferably 100 mm
or more for prafa@abuse. Note that, the term "falling distance" means a distance from the position at
the moment when the forward end portion 122 is separated as the molten glass gob 124 as illustrated

in FIG. 12, thatNexthehposaioreasinbigte priedearsitadaered 130 and the upped Bfthalyaden140 are
overlapped in the vertical direction, to the position at the time of the start of the press molding (the

moment YRR AR BEHAEARIESS 'anfaﬁijeag‘ﬂH%Trﬁ'l%%Sin FIG. 15, that is,3RB A5 GHa% almost

central poEIEn b ISPIRIRLAE RN PLSRISSTARERO suraces 1522404 4 GRARAGII! 1o he

60 which are placed so as to be opposed to each oth er in a direction

perpendiculartothedirectionY1linwhichthe molt englassgob24falls
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After that, as illustrated in FIG. 16, when the molten glass gob 124 is continuously pressed from its
both sides with the first press mold 150 and the second press mold 160, the molten glass gob 124 is
extended by pressure so as to have a uniform thickness around the position at which the molten glass

gob 124a§ﬂ%§98%8fi 8 @Fﬁsﬁq@r‘??ﬂﬂg fufares tngA and 162A first copp %teqq%tég&omen, as

illustrated In FIG. 17, the molten glass gob 124 is continuously pressed wﬁ%d e first press mold 150
and thesecenfapiessHBRIFLLAR priddheotyidgiswdncedlo4A and the guidp grtfseR df4fegome into
contact, thereby being formed into a disk-shaped or disk-like plate glass 126 between the
press-motding|siofaces 152Amred 62AafBlathkr in alare, the plate glasset26Gillnstiatetnia FIG. 17
has substantially the same shape and thickness as the glass blank to be finally obtained. Further, the
size an@WhasrydtrespgateRofther pritdigaid aUe fre the same sizalbrgidrrpi®bithe molten
glass stretching regions Si and 32i|§30t shown in FIG. 17) . Further, the time taken from the state at the

time of tHee8tdlft BYTRB'BRUGRLAB MY AR YT Bluntil a state in vANER 825G HAB &lrface 154A

and therggiéjne gl.tlﬁfg\(/:% i%%% &Seme in{Paf:on;[{agt with each other as illustrated jn Flg’rr éL?ig}]ereinafter,

. Mkl { reinar
sometimes refarred 6 as presg (r:r?cr)]ldlné) |rr{er'55|§nprgferably 0.1 second grelregsalfrom he viewpoint of

formingdhg MRLEs8lass 8B d2AdRR sdelata glassndpreover, becausq gestateriryctsthe guide
surface 154A and the guide surface 164A come into contact with each other is established at the time
of the preski mOIcinge dtihanerorps @asy dotmattaw the waiallel state betwegnstperpegssonlding surface
152A and the press-molding surface 162A. Note that, the lower limit of the press molding time is not
particuléelthkrisitedg Howetien Yt ignstefeictblyfobtketond or more for prattikideieth§01r6) Note
that, as illustrated in FIG. 14 to FIG. 17, the press mold 150 has the press mold body 152 and the
guide nRASIEASA94AE FRE HIeSSTRE/PIE6HAS'Y STV structure. Here® i tHBSFSEGHAN the press
mold body,152 and )T(l}ev\ﬁ]lljcl: e member 154I mov&}in ttﬁ? direction of the arrovg.Xl at tt‘ﬁséan e time and

Integralfil,tz?lﬁtfl r[H)ewpress nol t?&ﬁ{}ﬁ Cé’n%rttﬁe geufae member 164 mov& n {heeCHﬁScnon of the arrow

X2 at thseme Hramand RYREGHY. i et siaEuktiaer, the press molds 15Q;and. 18Q haye the guide
members 154 and 164, respectively, and thus, when the guide member 154 and the guide member
164 aretpeossasiondth each otips asglibsuatestéz &g £ 17, the press-meldingisurdace Mo2é and the
press-molding surface 162A are held in parallel with each other. Therefore, even if a state in which the
press-nibiting suriade d 52A ahthth&rstasesaotthitgSurface 162A are in pardikebiibt@achfother cannot
be held in the process in which the press mold 150 moves in the direction of the arrow X1 and the
press mMBRAIEIARENATTRY IAPEREOF AIRECATBR X2 as lllustratedTHHHEDINAE IBIESION6 | it is easy to
significaqtl reduce a thickness deviation in the obtained glass blank. In consequence, a drive for
driving ML Moftts A50°5N S 19%905 ena??é%ﬁirr&fa[fatﬁgge sophisticated c%ﬁ%/tﬁglﬁnsgf %Iity to control
the press-mold'laggﬂrface 152A and the press-molding surface 162A to be always held in a precisely
parallel state in a series of process lllustrated in FIG. 14 to FIG. 17. [0178] -Press-Molding Step
(Second Step)Here, tRdhrsRGABHISISD aA8 BOISIEARR Iy ESmbTa the press moldibarhs 522aatithe first
press mold 150 is driven so as to move in the direction of the arrow X1 and the press mold body 162
of the séeoratpriegsinyoéd diEK)- ik €l ishaip soraspectnalg,iartlde direction of the gurideviXémibrederifie state
in which the guide member 154 of the first press mold 150 and the guide member 164 of the second
press nild 8@ EPS BPERFHEFD TOFASAVIG @UEH BRRENThis causes the' pl&RigIas§az6%xo continue

to be pressed b%/ the press mold bodies 152 and 162, [)0179]
th m t

epressmoldbodies52and 62, respectively. N ethat, because FIG.

4 is a cross-sectional view, the guide members 54 a nd 64 are drawn as
being positioned on both the upper and lower sides of the press mold
bodies 52 and 62, respectively, in FIG. 4. Further , drive members for
movingthe pressmold 50inthe direction ofthe ar row X1 andfor moving
the press member 60 in the direction of the arrow X 2 are omitted in the
figures.

[0088]

One surface of each of the press mold bodies 52 an d 62 serves as
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Note that, the plate glass 126 immediately after the first step is completed is at a high temperature and
has high fluidity ( low vis cos ity ) . More specifically, the plate glass is in a quite easily deformable
state and in a state in which the flatness thereof is liable to be deteriorated. Therefore, if the second

step is Qg@?ﬁ)‘i’% e%m;?gcgg%%}gg%fqﬂg% 'é)’l?é%f%%ﬁ%égﬁ does not progr§§§tﬁbq,c|}]\‘x_/‘@_t£|e high fluidity

state being he e plate glass may be deformed after the second step is completed to
deteriorgfg thetflatnesmefdhn daasiank: dn FPResauasass it is preferred thas ibe sarged siep be
continued until the temperature of the plate glass 126 is at least equal to or lower than a temperature
which i énghprabsumidie isainfposseithedglastamaterial forming¢hae pidierglassth@q. More
specifically, it is preferred that the plate glass 126 continue to be pressed by the press mold body 152
and thetppressdeBRITIEIFHUB2AYIE tMat hegnpideauiifacof the plate glass428/ MRSt @re6wer than the
temperature which is 10C higher than the strain point of the glass material forming the plate glass 126

while hSTRRR Y YERESHIEONUIBIFSREFHHRBPRTERD is completed illustBRE P EHE2E? S#tnis case,

the plate glas 6 continues to be pressed until the.cooling of the plate glass 126 sufficiently
progres's?eqsh gr?( tﬁg 8%)6]ér%{t]t(}tr?eh?e%%@gsr%elgﬁaregga WHich the fluidity there'()(%gl og;{] &n ('E:?ormation
thereof begamesyimptssiblejpsifsct Mo sppriicall. the plate glass f2@imayihresplidified while
holding a state in which the deformation of the plate glass 126 immediately after the first step is
completedie puppransalinscensrosEnoeibecdatnessof the produced glasshklankénaydee improved.
[0180] Here, the duration time of the second step is preferably controlled so that the flatness of
the glassublaek 3¢ A@phiherdeste(uitfig el 04gnep meordeeferably controlléatswithaetiedthaiess of the
glass blank is 4 pm or less (within 10 pm). Note that, if the duration time of the second step is short,
strain dak YPdiEhFIFRIETS EARISEPinARe PRIEESYMIEA I iR the process of HENRY EGOWRE A/ the strain
facilitates deteriglréltion of the es&tﬂf the glass l%l%nk.uTrherefore, it is. Fggée&%d tlt’hatt e é:]lass blank

be man(fSired 'S ?ﬁjartfnar?gr ihafihe duPAGion time Ofthe second step is changed and'the flatness of

the obtajfed-@lass Alank is msaedfsHhaang hasadqn das gesult, the durationime fihe gecond step is

set so that the flatness is 10 pm or less(within 10 pm) . However, if the duration time of the second
step is tgevlongn hecgrasiustivity e keplacedh Hfeligvweithgt the duration timss oftivedseasnd step should
be set taking into consideration the flatness of the glass blank and the productivity. From these
viewpoititsfispecificany|db (s pathesecotindirérs totdtion time of the setbatisstiegtfieknessange of 2 to 40
seconds, and be in a range of 2 to 30 seconds. [0181] Further, in order to control the flatness of
the glasef BIEHEtPRNKO brtBe 1eSRIidTHS TP #HR second step, it i€ PaRTARRY Gréfeifed that
the duration time of the %econd step be s %ected so.that the plate glass continues tg be pressed until

S

the tem Oét%ﬁﬁ%%%‘hév S%%Sriﬁs\ﬁfﬁ?c He ﬁltfr&ifﬁ 6fthe plate glass is'fosP %aootgf%tr Stion thereof
becomes ipnossible n elierl ILiBIs €R3ex IBRIAIR YJAss. 126 may be sqfidified whiledaglding a state

in which the deformation of the plate glass 126 immediately after the first step is completed is
suppressiesetibrrangeduabR dhrtfainaatod e pedugad glass blank mayae iwpseviadidiege, the
duration time of the second step is preferably selected so that the temperature of the plate glass when
the secend stebizAcompletic i szpsahtol d5ldwed ttenpaedemperature whicrsisnd@ingigheiattean the
strain point of the glass material forming the plate glass, more preferably selected so that the
temperdfe {§18§a60 5 Brasses ¢l 2t Ranpgeman® which is 5C higheei8as G+ straiayomt, still more
preferablgqselected so that the temperature is equal to or lower than the strain erﬁoint. On the other

hand, .tH b‘Wé? it B thé 't'ér‘fﬁf&_ hWéthtﬂ‘?ea}?I Yg'érl‘ﬁ_gé'%hen the seconl %‘?c‘aﬁ‘ﬁpﬁé?ed is not
Spec'f'cégxd'mk‘i%’p#%%ts.“ﬁ?&mﬂgs"d%?@é@g §H&’Q§%§%’ﬂ9 reduction of %‘&B@?QHHHM Y| §ue to

prolonged time necessary for carrying out the second step, practically, It is preferred that the lower
limit be gerial 0 RIkGRET!, thate the sikedninetphiddigrefore, it is preferred hat the wrReRinit of the
duration time of the second step be selected from this viewpoint. [0182] Note that, during a period
from imofedégiedys sdfives th e gstant af 15 Arsicstejngttinhichithe press-moldingnglistscesetbRiband 162A
and the molten glass gob 124 are brought into contact with each other to a point in time when the
second 'si@i9 isSdoriglde o hble eatisd thrpecspthvolflidgslocated between tHase S LAEHIdING surface

152A and the press-molding surface 162A (the molten glass gob 124 and the plate glass 126) is
generall) SBATRAHAY ISWEEY TR R Bt 65420050C to on th ALt i 2EHB2ed0,

depending on the.glass material used in.the pre Iding. Inconsequence, in.the second step, as the
temperé:tﬁr\éa?su %?g'%iﬁggr??@qﬁevﬁ rédin t%igr\%a%l ﬁeﬁ Pg‘r{?rinkage of the plate aﬂe{fs%cfZ alsn?lqley diameter
directiop, RQIRRSGSa fifie IRRL ARFLVAGR BRARMA AIPre conspicuous when i3eseeqargtep continues
until the temperature of the plate glass 126 reaches a lower temperature range, in particular, a
temperaisuialrangervypbicshia @guet e HndowerHbair@itemperature that is 1(pIkghertbeatintlee strain
point of the glass material forming the plate glass 126. On the other hand, in the second step, the
press-molding surfaces 152A and 162A which are im3contact with both the surfaces of the plate glass
126 are thought to continue to absorb heat of the plate glass 126 to thermally expand in an in-plane

direction or, by completing absorption of enough heat from the plate glass 126, stop thermal expansion
1N the in-nlane direction or t1irn to Mmild heat chrinkane [O1 Q211



More specifically, in the second step, a difference occurs between the extent of the thermal expansion
/heat shrinkage of both the surfaces of the plate glass 126 and that of the press-molding surfaces
152A and 162A. Therefore, in the second step, force to extend in the diameter direction of the plate

glass 1%@;14%%}%%%&]@%%% firgguo “?B(‘ggi"ﬁ".{r?%%@ ft shrinkage aC\F%Qchl?ﬂ Ehfn%‘/'éfﬁces of the

plate glas ergoing the heat shrinkage by the press-moldingd surfaces 152A and 162A.
Howevelp it dhe pecensksiardne HHidity ofitheplate;glass 126 is significantlyslowered as the second
step progresses, and thus, if excessive stress acts on the plate glass 126, brittle fracture in the plate
glass 126 is liappegoloccur. Therefore, if the force in the direction opposite to the heat shrinkage
always continues to act on both the surfaces of the plate glass 126, excessive stress acts on the plate
glass 126 in thd re-plapedfrekirory o HRG MapTRSSURIHEN IR RN the plate glagkerd apFIBY] In
order to prevent such a crack in the plate glass 126,|éf1) to use as a material formin thigress molds

I

150 and?16Y B FRRBIRPRRVAR tHE RGNS RSTYRN 2B8FRient similar todRdttt 8% gIa8Y naterial
forming.the plate glass 126 ar}qiiln addition in the second step, to carry put li ilg the
omper s S R s B e Chess mor A A 2
162A beinge¢BIRyHAsdvEh aachpihersarethaught ofe Hpuwver, the second sipphinvalgsthe
significant temperature change, and thus, in order to carry out the above-mentioned cooling, it is
necessanbtaaaige theecaotieg speashttbe velyghowssi@eaver, in this casesdimaaacessgsy for
carrying out the second step significantly increases, and thus, there is a possibility that the mass
productivitg i ksseRed sifiifccamiy, suice és mdt thewctieak [0285] Takingrkites cdesigération the
points described above, in order to prevent a crack in the plate glass 26 in the second step with more
reliabilit§O RIS ek 18§ fﬁé@‘?nofh%‘g%é%rgr@ step, a press prR4 W RIS ERE Anthis case,
reduction%fC tGhe press pressure rr%ggts:eﬁ] erijctlion %(I)g:-fficie ts between bo%h %'l?h%‘t‘éfr%c%? %f qthe plate
glass 196°4°G the pre s-mol(%g strracds YBE9A ARG A, respectiveﬁ/. Ao d resul%, silppage occurs
betweep hoth fhe suufarss e plategasstabandthepress-molding gyrfacesdo2(ande162A,
respectively, which facilitates interruption of force which acts on both the surfaces of the plate glass
126 in theugppeske déectionite thedhage styirkage anthyvichnis a cause of a erageksdheopinrasge "press
pressure is reduced with time " as used herein includes, in the second step, not only a case in which
the pressigressuieadssreplieie cahiyhctintedbledaisohe casgen which, even if thef r@dstpreSsure isim.
temporarily increased or maintains a fixed value with time, when change in press pressure with time is
approximated B9@Pfhear equation, the slope thereof is negative. Further, the press pressure may be

d d st [ ith ti b d d ti ly with time. [018 Note that, wh
tne pross prossIE O ISTUUAE SR pAILE LSRG, i Bibss presscre  preiCla/ASHUCK hnen the
temperajuie, of s plals. 0135 28 SARAIREA DewRRR, e first press fipld 158 and i scond press

mold 160 is lowered to a range of 3000 from the defromation point of the glass material forming the

plate glased 28s Thistenablas mere effegivaferpression of a crack in theglaigglagmd2g ywth
relatively simple control of the press pressure. Note that, in this case, from the viewpoint of

accomplishiray ire balenceibathahih s wbpressientodlgoréck in the plate glassnlidiveitverdikialbility and the
suppression of deterioration of the flatness, the press pressure is preferably in a range of on the order
of 1% té! 16k ARt eRr ee8UBABHNIRH {REE Betdrn 82 feduction being AEYE T@8iFIlmaking Out Step-

direction Y1, both side surfaces of the molten glas s gob 24 come into
contact with the press-molding surfaces 52A and 62A at the same time

or substantially at the same time.

[0091]

Here, inadditional consideration of the viewpoint of preventing
the situation that press molding becomes difficult tocarryoutbecause
of the increase of the viscosity of a falling molte n glass gob 24 or
the situation that the position of press fluctuates because of an
excessively high falling speed, the falling distanc e is preferably

44



After the second step is carried out, the taking out step is carried out in which the first press mold 150
and the second press mold 160 are moved away from each other and the plate glass 126 sandwiched
between the first press mold 150 and the second press mold 160 is taken out. The taking out step may

be (:arriggl Q&te%sﬁéqﬁl fﬁ%%gl s gtfe_ch(tj' q]m U}qef%lzpﬁg}% é:irst, as iIIustrali%q?i&géLgs e]1§cf£'8 first press

mold 150 Is move iréction of the arrow X second press mold 160 is moved in the
direction gfthecadrYe et sSodhahtbe e Riasmateld Epdrand the second pressseeldddf sre moved
away from each other. This releases the press-molding surface 162A from the plate glass 126. Next,
as illustratechingEBIG. A@) the plate Glassilprisfeeidagad kfom the press-molding surtaeerdd@A, and the
plate glass 126 is caused to fall to the downward Y1 side in the vertical direction and is taken out. Note
that, whefretHerpraer (fass Npeeishelidhsddwein tHeddtess-molding surfacBelBN hfisigpigeng force
from an_outer peripheral direction of the plate %Iass 126, the plate glass 126 may be released as if the

plate gl IS YS YR HHER G, 1A Esdal it Piate glass 126 may BETAKERGIR RIS pplying
great force theretq, Note that, in taking put the plate glass 126, the plate gl 126 may he released
from the Sb?éssgn'?gra?n’g} ﬁs%? a{r@e i%li(ﬂg%?ﬁétr Ceeplrgteeag%ss 126 is release(% ?r%r?ﬁat Se ¥|c;r1roel)éspf1r(ra1olding
Surfaceﬁ&%ﬁ‘bf H?@H)é’%@ﬁ%g@ﬁ&é%rW@fﬁfbﬁt%%ﬁm IS annfaaled @sz_qge§§§§§gyet:pa{§duce or
remove strain thereon, and a base material from which the magnetic recording medium glass
substratadsformed)dbay s Heaglass totasl,iisroGtained. [0188] -Glass Bianl, the p¥¥itioregard to the
glass blank obtained by the method of manufacturing a glass blank according to the second
embodiaiai cledeibadralsmmades flaniekeupagriseleaused to be, fortdxdedidlareky priappégss (within 10
pm), and it is extremely easy to even cause the flatness to be 4 pm or less(within 4 pm). Note that,

from théiBGPRIHE B HliRThfiny & YHoPRHIHY ®Whstream steps such a§ 4 BHPIHBSEER Which are
ied inly for t fi ' he fl , the flat i ferably 4
carrie oy{h}jﬁ%gs%f £§ ']r%u(&%\sl'ﬁtogn}%ﬁ '(r)&\{hnegstt ﬁ?{) 8?ér¢ess e flatness is preferably 4 pm or

Iess(witﬁln e me manufacturing a al SEBIATK Ac réing to the

second amhdinanti€ al$A-RI4ERIGi [ohmaRHEacturing a thinner glass RlaakRaving gres flatness.

Specifically, the method is suitable for manufacturing a glass blank having a thickness of 2 mm or less
and a flain@ssd @ femarress tvithth d.Q f¥y-midiei tlaickness is more preferablg 152 man@releas, still
more preferably 1.2 mm or less, yet more preferably 1.0 mm or less. [0190] -Press Mold- The
press muidalls0tasbe it ihegndetadof Ydanufacturing a glass blank according to the second
embodiment includes at least the press mold body 152 and the guide member 154. The press mold
160 includes af @2 the press mold body 162 and the guide member 164, and has the same structure
as that of the press mold 150. In the f go ing, the press mold 150 is described as an example. First, in
the press mold %)f)t,’ fire! ?8&@?%%#&‘ lgg y\q’S\ghaeﬁ]dt%enb(mgQ ﬁjlember 154 are forﬁ?c—?oggg %élp'arate
members, HARISTOR 12 0e iFsS tRR dhi RigsS mpidkody 152 and the gyide mendherdadymay be

integrally driven so’as to be pushed to the side of the press mold 160 which Is placed to be opposed
thereto,zmdiHB Hae SeEPIEssiaRs ANty thedressenQhbodyd 52 may be drivenisaateitubg kslatively
pushed with respect to the guide member 154 to the side of the press mold 160 which is placedto be
opposedrirerete soldetpressmold 50 thaskines stavctundtand function ashegsesibed abeviehand hence,
the thickness deviation and the flatness of the glass blank may be reduced more. [0191]

the molten glass gob 24 and each of the press-moldi ng surfaces 52A and
62Afirstcomeintocontact. Then, asillustrated inFIG.7,themolten
glass gob 24 is continuously pressed with the first press mold 50 and
thesecondpressmold60untiltheguidesurface54 Aandtheguidesurface
64Acomeintocontact,therebybeingformedintoa disk-shapedordisk-like
plate glass 26 between the press-molding surfaces 5 2A and 62A.

[0093]

Here, the plate glass 26 illustrated in FIG. 7 has substantially
the same shape and thickness as the glass blank to be finally obtained.
Further, the size and shape of both surfaces of the plate glass 26 are
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Note that, if attention is given only to reducing the thickness deviation, a press mold in which the press
mold body 152 and the guide member 154 are integrally formed may be used. However, in a press
mold of this type, it is not possible to drive only the press mold body 152 so as to be relatively pushed

with resﬁ%‘%&ﬂg&“&sQH&%‘%.@i@é r tr%ﬂééfi}r é?a&esﬁg&r% fopress mold 160 Vé”f@iﬁ?%ﬁ Egl%ﬁi? gpe opposed

thereto. Therefore, eveni t step Is completed, the state in which the ember 154
and thegiyga fRember L 64 aec aaniaskwalkegarbnotiner is continued, botky the sudaces ©f the plate
glass 126 cannot be supported by bringing the press-molding surfaces 152A and 162A always into
intimateo€ oindasttath erfenivit ip it onib lal igap | s canse quEnce, the glass blank &. lkaibieita dederiorate in
flatness. [0192] Further, if attention is given only to reducing the flatness, a press mold which
does ndniielod e gsisler faeaRddrarsihgaideesiaiiberiess mold) m®PHAa cedi a9 RipeEss mold of
this type, even after the molten glass gob 124 is press-molded into the plate glass 126, both the
surface¥ 8f FR°PIAE YIasd B ataY BERGhdoH&d®)tinging the press-mBidlGEELRfI%RS152A and
162A aI.vva%(s into in.tim%te gontact therewit V\éithlol%te aga OHowever, the gq' e member§ 154 and 164

) | ] . 1d
do not ekis SSélrr1ndo tlguljnsg tniéss the Br%gg mold 1s dFiven e tremely precisely, i issegﬁﬁcuﬁrtoeéarry out the

press molgindovibuipsi s TMAGInG sufacs kA d the press-molgingguifase 4624 being held
precisely in parallel with each other. Therefore, the glass blank is liable to deteriorate in thickness
deviatiomo[@b98}, becaldkingtate conaidanaioguibe poinds described aboves4he piase o150 (and
the press mold 160) including at least the guide member 154 and the press mold body 152 which are
formed agregsratecoremibers it @aramiegaablodmatgesus in that both theblitbledesshgdiizion and the
flatness of the glass blank may be improved in a balanced manner. [0194] It is preferred to use a

metal oPEH'SIRNF 58 B PRSIl RFIBMSHE ZRCH INHBIBIREs molds 150 and'§ARIANGER dEheat
resistance, workability, and dyrability. In this case, in view of the temperatyre of molten glass, the heat
resistan e s el P AT &R0 of he proct OO TE0A AT 180 i
preferaliy L«fI0¢h QIHIRIRIMOS R RERI 8D e PfmPT more. Specific exampies qfdhgmaterial for
forming each of the press molds 150 and 160 preferably include ferrum casting ductile (FCD), alloy
tool steah{guah renatP6 1) iDipreapast sier eKbhd eemented carbide, Coliroreyp andi&tellite. Note
that, it may be possible to control the press molding by cooling the press molds 150 and 160 by using
a coolingsmedium such as water or air so that the temperatures of the press molds 150 and 160 do not
rise. Further, for the purpose of causing the temperature distribution within the press-molding surfaces
152A and 162A88%8 uniform, the cooling medium may be used to cool the vicinity of the central

ti f th -moldi f 2A and 162A and/ heati uch heat
Pe piace on o IET DEHRNEPLF SHBS QPR SHELEHAIUE F50 and 160 o heal o MEr RAGS sides of the

press'”hogiié‘&%Bf@CﬁédJy?f‘a%'&da%ée [QE3er 54 RN regions (molign alags giredGhing regions

Si and 32) in contact with at least the plate glass 126 of the press-molding surfaces 152A and 162A of

the first ppssanald &oteandbthese g Rressaxehd 60, respectively, maydee siiHasrgwving formed
thereon as significant an irregular portion as, for example, a convex portion for forming in the surfaces
of the glessdriaficuNrgiragied graoveaor thditigediaeifig the depth on thesteddrasfi iv@ntoslidtof the
thickness thereof, but, usually, it is preferred that the regions be substantially flat surfaces. Note that,
the whdl@6ethEiopghase Rblamdyseridess asaAmht162A may be substantidfyfigt JuEEERT A reason
for this is that, when a large V-shaped groove is formed in the glass blank, a crack defect which is

assumedFtt BE YN8 1B EFE LLM AR SRORER-BHiFed groove portiBrP183RBRP dHE Eused.

'S”ia;:(;“ggf%égt&qXﬂ"é‘?'}?o?ig%fﬁ?&@t,'%g[ﬁg%'%rr BPRYRLSFyformed in the moffgn gAss SHEIRUNg regions

formed of press mold bodies 52 and 62 which are for med by removing the
guide members 54 and 64 from the press molds 50 and 60 illustrated in
FIG. 4 to FIG. 7, respectively (of a guide-memberle ss type), may also
be used. Further, the press molds 50 and 60 illust rated in FIG. 4 to
FIG. 7 may be of the integral type in which the pre ss mold bodies 52
and62andtheguidemembers54and64areintegral lyformed,respectively,

or may be of a separate type in which the press mol d bodies 52 and 62
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shrinkage of the plate glass 126 in the diameter direction in the second step is prevented. Therefore,
excessive stress is produced in the plate glass 126 in the in-plane direction, which causes the plate
glass 126 to be liable to be cracked. [0196] Here, the term "substantially flat surface" not only
means g5k SHLTAGE HHOSe SHNAIS IS SHPSAMIBNY #810. fuf alSo means g sypiggg fRving
such a very small curvature that a slightly convex surface or a slightly concave surface iIs formed.
Further, #dsdrafisplly dunrd i dhe cprbsipntiadydiat surface” to haygsmiredgHegdasiles which are
formed when usual flattening processing, usual mirror polishing processing, or the like is applied at the
time of mpaayifiacherfivgtpresss mglsie pandeipis atso @ddaeptable for the " subdtabtialty fiat switkee " to have
convex portions and/or concave portions larger than the minute irregularities, if necessary. [0197]
Here, it Reanboverrforare cothrediprition Rirta sisewmhelainute irregularity tosisélngetinsudBthntially
point-shaped convex portion and/or a substantially linear-shaped convex portion each having such a
height JPMRP [P PRELR AL TRELBYORMNEG ARG GH Ehance of bringirfy ™ HBEEHRE de¥Fdiation of
flow resjstance and promoting the partial cogling of amalten glass gob. Note that, the height is
preferaktJrIS{)ge 1 rSF;}I?)P |%§£F"] fore Vp\;?é e?a%b yeSS Sm%ﬁre]gss.lq'—aﬁrther, when the éghe\%’)%l F|}Jyo'rtion larger than
the minute irregylayiy is a trapezoid-shaped convex portion having a minimum width in top surface on
the order of several millimeters or more, or a dome-shaped convex portion having nearly the same
height and sizenagdhe draper pid-shapgdcoovedmotiaolingiend gf the substantiallygwineshaped
convex portion and substantially linear-shaped convex portion, the above-mentioned chance of
bringinchdlbodttheateesivratioarsitiiow rduistdrega gredpromoting the paiizg cobingtbe autsiten glass
gob becomes smaller, and hence the convex portion is allowed to have a height of 50 pm or less. Note
that, the" SR I8 DREFEFRBR B PIIB LRSS OFRGFP IEHS Ably 10 pm or les&tEAHNEISHEMe viewpoint
of suppressin?fltoi“(aigccurr nce of a é:rqack due to Srtrﬁ%? concentration at the intergg&tgorn Rae\rt between

the bottBm surface and a side suﬁace (;[]h &grﬁaﬁézm '-gﬂg'bjéd convex portllcgﬁ?i iS pre erreg that the

side surface af e AAREAGIGENaPah eptye RARIOR he a flat surface havigg anaggle:Rislope of 0.5 or

less with respect to the top surface, or be a curved surface created by modifying the flat surface to a
concavesigdaee)dietediatdherangirds-ayerenprafesably 0.1 or less. [Qt88} Aareifpaithies) it is allowed
for the concave portion larger than the minute irregularity to include a substantially point-shaped
concavevpgbriarhandéocarsubstantial iyt dimearrsiappbcencave portion eashn mdviittizedeptis of 20 pm or
less, in order that, for example, the deterioration of the flowability of molten glass flowing into the
concaveSHtih BPUES it BIANRSLAMALIAG R FRYY Brb@dist about. Note thalt)ehey eieptRa&ikBferably 10

pm or less, mare preferably 5 or less. Further, when the concave portion larger than the minute
irregulam?/\‘lgsdrq H&) e({feeﬁ &‘éfb%%‘a%fﬁ%@&z cebs‘nI 4ol ?)tortion having a mit‘ﬁ%ﬂnﬁ'éicﬁm%k p surface on
the ordey it several ULMRIR M JBgSs P dikigverted dome-shapgd concave heriiar, Baying nearly

the same depth"and size as the inverted trapezoid-shaped concave portion instead of the substantially
point-shangsheencaveoRekinRk aeel suhsiantalyilinganshaped concave pastiess the @syempentioned
chance of bringing about the deterioration of the flowability becomes smaller, and hence the concave
portion Baiomived o dthvieaa ettt fiBfapititgioless. Note that, the deptiv ish ppeéssabipl80hpm or less,
more preferably 10 pm or less. Further, from the viewpoint of suppressing the occurrence of a crack
due to StHEEXCEOIR AR ELIBA RIGRE TNEAFSRGFOR pert AR ER the bottom sudtkeyariBansrieeslirface of
the trapezoid-shaped convex portion, it is preferred that the side surface of the trapezoid-shaped
convex DEHBEF &Y PAtAlFRHAARG" ‘??pgﬁ%ﬁBC(‘ffsslope of 0.5 or less WIHTERE6! thre bottom
surfacenqrotﬁ @_cHrved surface created by modifying the flat surface to a concave surface. Note that,
the angle is more preferably 0.1 or less. [0199] Note that, as illustrated in FIG. 14 to FIG. 19, the
specific structufggefgthe press mold 150 (and the press mold 160) is not specifically limited Insofar as
the press mold 150 Includes at least the press mold body 152 and the guide member 154 and the first
step andlbeosecPresstep Btap-be carried out. However, it is preferred that the press mold 150 further
include, in addition to the press mold body 152 and the guide member 154, a first pushing member
and a second pashingerentbere sreng, skrPfitdepRisheng asemMbdPhas at least the flil@fbA&iMeEshing the
press mold body 152 and the guide member 154 at the same time in a direction perpendicular to the

press-niBRIFG SR EESeMY Y 2 Ad ot heeS& e RAESSE R hibld 160 which istpfRERH ¥5 HEBposed to

the press-molo(l]in ﬁ%feaﬁ% S2A, Th?d%%cgr%itgushin%@gmber has at least thegwé:{fipn of, after the

guide member 1 }1 and a pgrttegfstwg press mold 160 guide member 1625%3 ichisp acl\éarfeo be

Oppolsegﬁgcl'm‘%ilfﬁﬁ%@}%i@@éé’é%@ol@%@.{ %W@tht intq contact Wit@&%@m’mﬁ{é}}’rgﬂe first _
pushing member, pushing the press mold body 152 in the direction perpendicular to the press-molding
surface gre2Anaoid 50 el gide efdhe preassonld eRnakich is placed tadieiopposiededty e r
press-molding surface 152A.
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[0200] FIG. 20 is a schematic sectional view for illustrating one example of the press mold used in the
method of manufacturing a glass blank for a magnetic recording medium glass substrate according to
the second embodiment, and more specifically, a view for illustrating one example of the more specific

structurﬁ;:eom?g Brgigis Ollﬁlb%&sm%wa}g%iw Ele. 20, éikgoreference numerals c?ﬁlssl ggeeiﬁ B%% signate

members similar to tho strated in FIG. 14 to FIG. 19. Further, a press mol ustrated in
FIG. 20/fufearHesPrandiagiin e miess mekdkaPebsd @amilar structure may besagipRi@y i the press
mold 160. Here, aprincipa 1 part of the press mold 1503 Includes the press mold body 152, the guide
membet diSido kefirsh fpasthiatamesdbe Héfaasiol ankecond pushing memsber 158oCesd(alianas of the
members are coincident (dot-and-dash line X in the figure), and the central axes are substantially
coincidd®t with) the horizontal direction. [0201] Here, the press mold body 152 is formed of a
circular cylinder having one end surface that forms the circular press-molding surface 152A. Note that,
the shape of th@ﬂ%@smold body 152 is a circular cylinder in the example lllustrated in FIG. 20, but the
shape is not specifically, limited Insofar as the shape.is.substantially columnar. In the example
illustrated in F|§9Eeo?}%te’ gper!sqsgrﬁoqglrﬁ%gssflﬁ)ac'em %%%tselﬂ salﬁesrtantially flat surfacéne[ﬁf%é?& The
guide magpes ARk sy Raliowt Wﬁ%ﬁ@?ﬂf@@@fm‘mm@h% a length in ansaxjgLdirsstion X bat is longer
than the length in the axial direction X of the press mold body 152 which is a circular cylinder, which
houses dhe pesadneld flady b8 mnandnneiupetipherabside, and which has ang enrdisutiaoe (Quide
surface 154A) that is brought into contact with the guide member of the other press mold (not shown in
the figute)wileertprishednoypties $irxy pteshing enandied 186 Here, the differarapesetwieedf the length of
the guide member 154 and the length of the press mold body 152 in the axial direction X, in other
words, 4'RéRHP eI Ee!REB haRe GERPSRHRSS 154A and the préSRfGRAPSIMERR 152A in
the axial direction X, corresponds length which is approximately a half of the thickness of the glass
plank 156 OGRS ST he 2hale aF e GEE Adhiber 154 5 & hoTSh A0Z dytinder, bot
the shage s nahgRscicaly initestineaiat as thenshara lshollow columnar, 9203} e nerallye first
pushing member 156 is formed of a disk-like member. Here, one surface (pushing surface 156A) of
the diskslieificahpysbingrswEenteohaf dsoadiatosurfacessbich is in contact withdthe etbesresd surface
(pushed surface 152E) of the press mold body 152 and with the other end surface (pushed surface
15415) of #88 Yei@® ThermbeddBidnRarthisr, ia theosggdohdle 156H which pagsessthasigip thieefirst
pushing member 1 56 in the thickness direction is provided in a part of a region which is opposed to
the pusREH&AR&EL 8RBT YRE [ ESPiFEodd 5V Nbte that, a surfacd'E5BENIhRK ¥ opposite to

the pushing suyrface 156A is connected to a first drive (not shown). Therefore, jn the press molding, by
the firstp%lﬂgfeg %56%33 %?8%%89 \fgg EU 'tﬂg%atfi%e member 154 ma)(f 8pr ﬁ@(&ﬁéi t?éesame time

via the HiglRuSHING, fMDES §28 1Bd0eaxiah deelpryetdjustrated in the figire fram,ing gjde on which
the first pushing member 156 is placed to the side on which the press mold body 152 and the guide

memberolad argrbacathdP204¢ whiciNetedhahinaexample illustrated; it kair@othesghape of the
first pushing member 156 is a disk, but the shape is not specifically limited insofar as the shape is

substantiellyl gatedileeiafFimtmengtihe thaoeiglasoks 156H is provided as afluddéheftimgpdacecular opening
along the central axis X of the press mold body 152 and the first pushing member

glass26isalmostcompletelylost. Inconsequence Jinthesecondpressing
step, as the temperature is significantly lowered i n this way, heat
shrinkage of the plate glass 26 in the diameter dir ection progresses.
Ontheotherhand,inthesecondpressingstep,the press-moldingsurfaces
52A and 62A which are in contact with both the surf aces of the plate
glass 26 are thought to continue to absorb heat of the plate glass 26
tothermallyexpandinanin-planedirectionor,by completingabsorption
of enough heat from the plate glass 26, stop therma | expansion in the

in-plane direction or turn to mild heat shrinkage.

[0098]
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156, but an arbitrary number of the through holes 156H may be provided at arbitrary positions in the
first pushing member 156 insofar as the positions are in a part of the region which is opposed to the
pushed surface 152E of the press mold body 152. Further, the shape of the opening of the through
hole 156H mayn)?&@%E’i%%fé‘)s}{trﬁﬁ?s%@Qn Vsl fguugver. itis paf“C“'a“y&%?ef?éh%%_é%@&FPe through

hole(s) 156H be provided so 0 have point symmetry with respect to the central axis X of the press
mold bagly 462 [8208kent of AeSBRARM PUSHING e MkeX158 is formed of anrarkike Brasaher which is
placed within the through hole 156H and is connected to the pushed surface 152E side of the press
mold bady din2addctef thahlthe ghaproaiitithsacione pushing member 358 ssraotiticiglan dyliedrical rod in
the example illustrated in FIG. 20, but the shape s not specifically limited insofar as the second
pushingpAre@be 258 higf ¢feige ithéhsressanalaressinasein the X axis direcitsne Noexteag an end of
the second pushing member 158 which is opposite to an end thereof connected to the pushed surface

152E sitiefe LSAREEEE S 98I TR IREHhORN . Therefore, in the PrESdHHAdMY Dy the second
drive, only the press mold.b 52 may be pushed via the second pushing member 158 along the
axial o B R e N A e Fremmber 156 1 - (s Zice o
which therassamaleskosly 133ds n@me[%?@ the Neig at, in the press malging, ipprgier to
facilitate thin and uniform stretch of the molten glass gob 124, it is preferred that the temperature
distribufieassithn dheyguessdesitingdaeiace dbae hewontrollable to e erviodpre bsidkges o attain this,
(1) a heating member for heating the vicinity of an outer edge side of the press-molding surface 152A
may be theslidéty, citkod {25 daffor Gathahifdeaghiwhich a cooling mediuewifdadantiebeqoravided in the
press mold body 152 and at least in the vicinity of the central portion on the press-molding surface
152A siBEE 8O 7 ePProgERs etha HES Y ERBEIN ARy be, for exampléS SSAGHRRIRIEE Hatter placed on
an outer ped rgloliigtl[%efpg tnjerﬁ]gur{dt% mqrqlgerl 154% Ibsz:lr-llke heaters in parfilll%llwnh the axial direction

X which’ate place regular tervaisPaion gsbsérlpheral direction of the gui e ?nté)mqg§P 54. Note

that, thesgRerers it b DB Ahe Akide gpeaibey 154, or may be plagegl 56 s iRk gaibedded on
an outer peripheral surface side of the press mold body 152. Further, as the cooling liquid, a liquid
such asavpd@Ecargafi SR @srhib: @ IgRs imndtstina liquid is dispersphygReisms sxeysaver the like may
be used. [0208] Further, as the press molds 150 and 160, a press mold illustrated in FIG. 21 may
be usedtF& &dt s a Sehematicl sesdonalthiein-filesteading another exampite afahewiriessmapld used in
the method of manufacturing a glass blank for a magnetic recording medium glass substrate according
to the sERIHH BrASaFHeAtRERA!FTFEE: 21, like reference numerals are used to designate
members havila suﬁstantially the same or similar functions as those illustrated in FIG. 20. [0209]
Here, a princip %% of a press mold 200 lllustrated in FIG. 21 includes the press mold body 152, the

guide member {5, {he firs{ yishing member 456 aod e geeond pushing memhep 456, Ggntral axes

of the members (dot-and-dash line X in the figure) are coincident, and the central axes are

substantigd!y s@ingidentishnineghaezae Aiteeion Metethat, the press molga28QdllHstraigd in FIG.
21 and the press mold 1503 lllustrated in FIG. 20 are similar in including the press mold body

thethermalexpansion coefficientsimilartothato fthe glass material
forming the plate glass 26, and in addition, (2) in the second pressing
step, to carry out cooling with the temperature of the plate glass 26
and the temperatures of the press-molding surfaces 52A and 62A being
synchronizedwitheachotherarethoughtof. Howev er,thesecondpressing
step involves the significant temperature change, a nd thus, in order
to carry out the above-mentioned cooling, itis nec essary to cause the
coolingspeedtobeverylow. However,inthiscas e,timenecessaryfor
carryingoutthesecondpressingstepsignificantly increases,andthus,
thereisapossibilitythathemassproductivityi sloweredsignificantly,

which is not practical.
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152, the guide member 154, the first pushing member 156, and the second pushing member 158, but
are greatly different from each other mainly in the following points. That is, compared with the case of
the press mold 1503 illustrated in FIG. 20, in the press mold 200 illustrated in FIG. 21, (1) the press
mold body 152 g al‘ue guide member 154 are placed so that an outer peripheral surface of the press
mold body 152 and an inner peripheral surface of the guide member 154 are substantially distanced
from each othef,j(dh i fress Mpdbedvileo s andstae Jrsbrasiing member 156 aje plagedeso that the
pushed surface 152E of the press mold body 152 and the pushing surface 156A of the first pushing
membetdl pfeaca isahstarktiallyheigtancedafserneeacthethet, and (3) a supporbeprieesihglsie placed
between the pushed surface 152E and the pushing surface 156A along the outer peripheral side of the
pushed%iirfesersRebijgz 1i0F preferrpstthahi dress mold body 152 is feReeeddr essirasiebylinder
having one end surface that forms the circular press-molding surface 152A. Note that, the shape of the
press nfoRf SR §5IE 2 ISR A eI HPBRe UG in FIG. 20, but tHe SHAEHE R 8Becifically
limited insofar as the shagoe is ubstantialhg. disk IBetpe example iIIustrate(r:I] g)rb&]l%é%l,rghe

press-n%ﬁjslﬁ 'Surface 15247 zralcsttlj S é)r?tla{ﬁi/eﬂﬁ surace. Further, the support mem er 170 is placed

so as t%@%ﬁgeﬂéféaéﬁ)éw%@féh@ RHshsd surfangihg2E anddhe pushing surface 66MAqapgAs
movable away from the other surface. Note that, as the support member 170, for example, a ring-like
membergypyddie elgethdG2EELIt, sligpdtie presssmetd200 illustrated in FIGhah, tthedingtpeashing
member 156 may push the guide member 154 to the other press mold which is placed to be opposed
to the préskienoldt200!dastiié caue, the tiveesanmeotitiey thierfess mold body 152 i8ZAsepLdi¥Ad via the
support member 170 to the other press mold which is placed to be opposed to the press mold 200.
Further 858 K866 1Y PRSHIARCHEHRSAR BSE REEBPBUIR only the press molFBYKF I8 EP IO Bther press
mold W%ceg IS Iacedftt%gglgpepqsedég itrpt%gress mold 200. Note that, ig.the exat?&lgrl]”%?trated in FIG.

20, in the Srggsa(r:r%lalng, pregsallﬁgsg orce IS %%%‘ﬂse'éeto the press mold bc')rgﬁti%% in the vicinity of a

central pAFiAn & EdM Henvisinity Al apr QUtps §dampeiien of the pushed, surace 152EsTherefore, it is
preferred that conditions of the press such as the thickness, the material, the strength, and the like of
the press raeld b@dytA 5z, éhexstiieBgtheanih iReilike ©fithe support membeahd é8conther Psersypressure
are selected so that the press mold body 152 does not warp no matter where among the locations of
(1) and §®thepwdsing focen iw Hpplibd. JEZBAressurblote that, the exanmpledigsidatdd i G. 14 to
FIG. 19 Is directed to the second pressing process . When the first pressing process is carried out, for
exampIQP&%VW%FWWSP'{E?@%%%‘P@%%@MS to employ the HFESBRAGIH YNGS ARRYrated in FIG.

20 or th Id 200 illustrated in FIG. 21. In thi , as the oth Id, f le,
oress D RTGHIR LA Ay s BG4 s s body porBe Saekeae Ui dik ke

membey; We?é@ﬂ?ﬁﬂ%h@?éﬂb%ﬁ@?&r@&&&ﬁQRQM% (for example, a pigEs PR, 230t focPe described

below lllustrated in FIG. 23) may be used. In this case, for example, in the first step, a part of the other
press molgkkler, exameles e syeasmmeldingsitacestapiped and the guideguifage: 16dMafe brought
into contact with each other, and, in the second step, the press mold body 152 is further pushed to the
side of the retther qar ess timoldushyl evitineistate in which the part of the other press mold and the guide
surface 154A are in contact with each other. [0213] -Glass Material- The glass material used in
the method of A¥dfdfacturing a glass blank according to the second embodiment is not specifically
limited insofar as the%%:ass material has E‘%sical_ roperties suitable for a magnetic recording medium

glass substrate',\'ﬁ{‘?)_ L UAP A GRRP | PP EHS] Hct?ge%?c‘?_ent, further, higl‘i"ﬁﬁfﬁggé',”&‘?’he_at
resistange, %’Pgsﬁglj&%’u?gqs %jig?gr%!g%lﬂ]?e?ﬁt%ﬂslﬁ@?te”al may be eéﬁlge%‘?éﬁe';ef’lﬂ%d Into a

plate shape by horizontal direct préss. It Is desired that the thermal expansion coefficient be similar
to the thgrma)igxpapsignicreiiciertwt amaliersiqrrbelding the magnetic fesortingnassivmg More
specifically, the average linear expansion coefficient at 100 to 300C is preferably 70x1077/0 or more,
more pnefesalniy (55 313l0coenhare, ratillaorfe: poetetaltyt80x1077/0 ormbred gib stdltioorpgdneferably
85x1077/0 or more. The upper limit of the average linear expansion coefficient is not specifically
limited, ®uthpralescamatprerefaBiine 6ia O1atD Pakss86For the purpose of rébiscRitplEFeBiUR which is
caused when the magnetic recording medium rotates at high speed, a glass material havinghigh
stiffnes€ {EGEYREYPRIGRS Yot kHE O BRIELIASRIUIUS is preferably 7B B YAHGY, more
preferably 75 GPa o re, still more preferahly. 80 GPa or more, yet still. more preferably 85 GPa or
more. I)é][ﬁpepceornl|Frc1)iﬁtoo tﬁg You grgess Srﬁ(r)%'u ucs)qlés/tﬁ%&’lspecifically Iimited,%ﬂsﬁﬁa%ﬁaw,%eferably 120
GPa or \gspbIHtkea b KRR glass amatedaloMhieh isupycellent in heat resisianas. dheybstrate may
be processed at a high temperature in the process of manufacturing a magnetic recording medium,
and henagdblatgtfias dransitici ipmperaitiesaipihie glass material is referadtyebO06 afonore, more
preferably 610C or more, still more preferably 620C or more, yet still more preferably 630C or more.
Note that, the upper limit of the glass transition temperature is not specifically limited, but, froma
practical viewpoint of suppressing temperature rise in the press molding and the like, is preferably

78000 or less. Using a glass material which has a high thermal expansion coefficient, high stiffness,
anAd heat recictance ic effecrtivve in ohtainina a Aalace crihetrate crnitahle for a Mmannetic recordina



[0214] As the composition of the glass material, a composition which may easily materialize
physical properties suitable for a magnetic recording medium glass substrate may be appropriately
selected, and for example, a glass composition of a conventional glass material for the vertical direct

bress ”}?}3{@eef%ﬁﬁé%griﬁ?%rééke&%gsE? HE ﬁ?r@(?ﬁ%{éﬁgdbthat a'“minos”ica‘r‘?@l%ﬁ?rggfsﬁ‘%ﬁteed- Note

that, a composition of aluminosilicate glass descri elow is particularly pre ecause all of
heat resjsianes 1ioh Stifiaest. and adaighihiermal spaesion coefficient mayehe easilyagspmplished
in a well-balanced way. [0215] That is, it is preferred that the glass composition of the glass
(hereinaftengrefmved to as "Glass Composition 1), expressed in mol%, include 50 to 75% of 3i02, 0 to
5% of Al203, 0 to 3% of Li20, 0 to 5% of ZnO, 3 to 15% in total of at least one kind of component
selected from N@P@2%hnd K20, 14 to 35% in total of at least one kind of component selected from MgO,
Ca, Sr0, and Ba0, and 2 to 9% in total of at least one kind of component selected from Zr02, Ti02,

La203, Y203, YBIHE TASRS H9BREB! Satafben 4pkieadorr educingthepress

pressurewithtime,thepresspressuremaybechang
withtime. Inthiscase,forexample,the presspr
periodically like rectangular waves or sine waves w
case, when the press pressure reaches the vicinity
time, the friction coefficients between both the su
glass 26 and the press-molding surfaces 52A and 62A
reduced. Asaresult, slippage occurs between both
plateglass26andthepress-moldingsurfaces52Aa
whichfacilitates interruption of force which acts
of the plate glass 26 in the opposite direction to
and which is a cause of a crack.

[0103]

Notethat,inthesecondpressingstep,heatshrin
glass26occursnotonlyinthediameterdirection
direction although the amount thereofis small. Th
secondpressingstep,therearesomecasesinwhich
between the press-molding surfaces 52A and 62A and
respectively. Inthiscase,whenagapisformed,
in which the press-molding surface 52A and the pres
62A are in intimate contact with the plate glass 26
heat conduction efficiency between the two members
result,atemperaturedistributionbetweenboththe
glass 26 orwithinthe surfacesisliableto occur.

distribution causes a viscosity distribution (nonun

51

edinawavelikemanner
essuremaybechanged
ith time. In this
of a minimum with
rfaces of the plate
, respectively, are
the surfaces ofthe
nd62A,respectively,
onboththe surfaces

the heat shrinkage

kageoftheplate
butalsoinathickness
erefore, during the
asmallgapisformed
the plate glass 26,
compared with acase
s-molding surface
without a gap, the
is lowered. As a
surfacesoftheplate
Such atemperature

iform fluidity) in



the molar ratio ((Mg0+Ca0)/(Mg0+Ca0+Sr0+Ba0)} be in the range of 0.8 to 1 and the molar ratio
(P51203/(Mg0+Ca0)} be in the range of 0 to 0.30. [0216] A preferred range of the average linear
expansion coefficient of Glass Composition 1 at 100 to 300C is 70x1077/C or more, a preferred range
of the glass_ transition. t r i r mor a preferred rang Y. 's modulus is
80 GPaﬁé% ﬂﬂg%&%ﬁéf@g&ggﬁ%? 1%?5 %%%gg}@gg %nr%aterial of a magn%tfi)%:str%‘?:grl mé%rﬁeedium glass
substraig gt &k enerayeansisiad gaioddaing Adigh Kk magnetic materighdQ2{dble to pEUrther, as a
glass material which has a high thermal expansion coefficient, which is excellent in acid resistance and
alkali resistaimoatedhich reduces the amount of alkaline elution from a surface of the substrate, and
which is suitable for chemical strengthening, one having the following glass composition (hereinafter
referred to as "(OR&4l Composition 2") may be presented. [0218] That is, Glass Composition 2
includes, as a composition expressed in mol%, 70 to 85% in total of 5102 and Al203, provided that the
content of 3i02 18568 B GRS HHE B MENPBINAT2 8555 8% brfdre, 10% or more'fh thtdf of Li20,

Na20, and &2%,&%) %%JHIH t tgl of Mn%o and Ca, provided that the content ﬂf Ca @%%1& r than the

content'of gr]r and’more than 096 and 49% o f'ésg’l%ntotal of Zr02, CiOPZ?LLaa(C‘)%, ID203,

Ta205, h|b20%eangh e dSLA dMiaed of MapNagtying Magnetic RecqrdlingMegiym £yjass

Substrate) The method of manufacturing a magnetic recording medium glass

bealwaysinintimatecontactwitheachotherwitho
surface of the plate glass 26 and the press-molding
secondpressmold60bealwaysinintimatecontact
agap. Inthiscase, asthe pairof press molds, p
press-moldingsurfaceswhichareexcellentinfollo
shrinkage of the plate glass 26 inthe thickness di
As such press molds, specifically, press molds of t
typeformedofthepressmoldbodies52and62whic
theguidemembers54and64fromthepressmolds50
or the press molds 50 and 60 of the separate type i
moldbodies52and62andtheguidemembers54and
members, respectively, may be used. Notethat, whe
and 60 of the separate type are used, in the second
pressing only the press mold body 52 in the directi
and pressing only the press mold body 62 in the dir
X2, the press pressure is applied to the plate glas
[0105]
-Taking Out Step-
Afterthesecondpressingstepiscarriedout,the
is carried out in which the first press mold 50 and
mold 60 are moved away fromeach otherandthe plat

between the first press mold 50 and the second pres

52

utagapandtheother
surface 62A of the
witheachotherwithout
ress molds having the
wabilitytothe heat
rection may be used.
he guide-memberless
hareformedbyremoving
and60,respectively,
n which the press
64areformedasseparate
nthe press molds 50
pressing step, by
on of the arrow X1
ection of the arrow

s 26.

takingoutstep
the second press
eglass 26 sandwiched

s mold 60 is taken



substrate according to the second embodiment is characterized in that a magnetic recording medium
glass substrate is manufactured by at least going through a polishing step of polishing the main
surface of a glass blank manufactured by the method of manufacturing a glass blank for a magnetic

recording medium g ﬁﬁélgggﬁtggpcgggg}%tgﬁhess]%cond embodiment. Hereinafter, speeific

examples of steps involved in't ocessing of a glass blank into a magnetic recording medium glass
substraig fker6IRsSRIHREIANMaLI ARiH1d82<Plc. 8, First, scribing is perfgraifdipnea ghaski blank
obtained by carrying out the press molding. The scribing refers to providing cutting lines (line-like
flaws) lige svecontanthie direlesofirvieheancenixiz airdlehand outer concertseirag)rasgthrosdriber
made of cemented carbide or formed of diamond patrticles on a surface of a molded glass blank, in
order toBfrbtEvVEEimtidedirgleiterbiiRerad avird sialiié having a predeteriiméissipeesene glass
blank having scribed thereon the two concentric circles is partially heated, and the outside portion of

the outdP 2helARe B RESARGHESASI R ShATLATE Y fthWB¥ncentric circlEREASRABA by virtue of
the diffegence in thermal expansion of glass, the ielding a disk-shaped glass having a perfect
circle sﬁaﬁﬁsé re[\(?f‘ff]s the %%?gnrgé]rﬁﬁ%gpsrgégggr%% %8Wie{ﬁ out, if the roug%%el%sse etlﬁg%n%in surfaces
of the glassiLhaniisilape B RESSoCHIENGAIBGRSaR e suitably provided fay disingea feripgfe Note that,
in the case where the roughness of the main surfaces of the glass blank exceeds 1 pm, a scriber does
not folloydbe- irgigingriiesot thessurfaad @prhitmag ecome difficult to provids edtivrgilines uniformly.
In this case, after the main surfaces of the glass blank are made smooth, scribing is performed. [0222]
Next, théecietivglaby Lipdergode sieapeaprbsessingihe shape processhtpletidds Blodenfering
(chamfering of an outer Peripheral end portion and an inner peripheral end portion). In the chamfering,

the outéPpeMhrEricaatpataehSHaE RIf8F PRHBAYRE end portion of th@Tfig-SHAPEW §IHE_C Sre

chamfe%e2dAW|th a dluamopéjr%nndln stone. 022% Next, the dls]c-sh%%gi%lgl(%ﬁﬁémp%?ggoes end

surface pthﬂYnEg?quﬂ% end surface Bgltlg negr,'q grﬂndérr peripheral side end surtface and outer

perlphe@égy%grt]ﬁiesbqq?é:@gggjw wd&m_ggrggri{mls_h by brush polg§g_|5%tg19t|r&|§sc§§e, there is
used a slurry including fine particles of cerium oxide or the like as free abrasive grains. The end
surfaceipelighyed s6MoMas cantamipdity kaisaed by attachment of dustydtaedieuanrHsipair such as
damage or flaws on or in the end surfaces of the glass. As a result, precipitation of ions of sodium,
potassiamy laind dre dike caubie torfdstenhedn e kireyented from occurringt {02RKte glass

26, the plate glass 26 may be released from the pre ss-molding surface
62A afterthe plate glass 26 isreleased fromthe p ress-molding surface
52A. Finally, the plate glass 26 which is taken ou t is annealed as
necessary to reduce or remove strain thereon, and a base material from
whichthe magneticrecording medium glass substrate isformed, thatis,

the glass blank, is obtained.
[0106]

-Glass Blank-

With regard to the glass blank obtained by the met hod of
manufacturingaglassblankaccordingtothefirst embodimentdescribed
above, the flathess may be caused to be 10 pm or less(within 10 um),
anditisextremelyeasytoevencausetheflatness tobe4  umorless(within
4 um). Note that, from the viewpoint of eliminating o r shortening
downstream steps such as a lapping step which are ¢ arried out mainly
for the purpose of improving the flatness, the flat ness is preferably
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Next, first polishing is carried out on the main surfaces of the disk-shaped glass. The purpose of the
first polishing is to remove flaws and strain remaining in the main surfaces. Amachining allowance
removed by the first polishing is, for example, several pm to about 10 pm. As a grinding step involving
a Ia_lrge gmﬁHrgrqf ggqvﬁmmqg_ allowa e is not required to be performed, flaws, s_train, a_md_ the like,
which are causede y the grinding step, are not generated in the glass. Thus, the first polishing step
involves a smafpaggunt of a machining allowance. [0225] In the first polishing step and the
second polishing step described below, a double-side polishing apparatus is used. The double-side
polishing appamatus it at dyepakstusifof caxnyifuy nutrplishiagswithn polishing pads iy setairdédyg moving
a disk-shaped glass and the polishing pads. The double-side polishing apparatus includes a polishing
carrier fitittp fopi@mMbadteal ih et gdar arandfagivgear which are eachdratdtionaligléagen at a
predetermined rotation rate and also includes an upper surface plate and a lower surface plate which

are rotafiGRKIRANIRR A 99 LHRHSES dira ORI e H¥h BRBr with the polishirff SRt bortion being
sandwiched oth the plates. On each surface facin isk-shaped glass of the upper surface plate
and lo R e e B R0 8 e atachet EAhiLd SR ag b rior e
so as toyReeagaaed With achedstiftnimal gear and hesHR BRNRSHOMESaHAngtary gear motion,
that is, revolves around the sun gear while spinning. [0226] The each polishing carrier holds a
plurality105 fisloshapestigiasseprdiaeavpper surface plate is movable i, {re vertigaledineation and
presses each polishing pad onto the front and back main surfaces of each disk-shaped glass. Then,
while a $lQ@rrynipalligtiag liquid) containing polishing abrasive grains (polishing material) is being
supplied, the disk-shaped glass and the polishing pad move relatively owning to the planetary gear
motion of the p&ijs%]lg carrier and the phenomenon that the upper surface plate and the lower surface
plate roggtr% iré ﬁu)(%gite directions to each other. As a result, the front and back main surfaces of each
disk-shapeosglass Is polished. Note that, in the first polishing step, a hard resin polisher, for example,
is used as the mggm@gr@ﬂ&%g%g{g]&)Qp}gm\,tg,rg%\{ﬁagrains, for example.at8dsed as the polishing
material. [0227] Next, the disk-shaped glass after the first polishing is subjected to chemical
strengtheyngitHdp RessHIr {o0se aswolieir wakhefpetassium nitrate eisibaalike amkabaitical
strengthening solution. In the chemical strengthening, the chemical strengthening solution is heated to,
for exaansldyBOO0Q tdMOBGCaaadnaieleafibdtghass is pre-heated to, fontexanfple|t200E@1e, 300C and
then immersed in the chemical strengthening solution for, for example, 3hoursto 4hours. The
immersiBif REGiERT AN EHOPRIGIUIR AELRESRRERIPIVMIGh a plurality of gla¥des @M RAREd in a

holder sg as to be he their end surfaces so that both main surfaces of each of the glasses entirely
undergc? fé S%%ﬁaﬁ”%&e%gé ég!s[ﬁrf;%ﬁagﬁll’lgg@h%glass is immerseocirpno{ﬁt@'enbtfﬁr&'%ri'Ett;1 r??? ngthening

solution, 3% gleselipgf @beue AR a5 AdieSYhsoMIUAQRS in the surfacelayarsaf fhe glags are

substituted by potassium ions each having a relatively large ion radius in the chemical strengthening
solutionyhgsieecivelys S0enHHD preRsTaRBRBIERIFeRR IRYer With a thickneamghiabameFe 19,200 pm.
Thus, the glass is strengthened and is provided with good impact resistance.
Notethad/thgglals sthr{dngbasidt fone tigmsgedstigagthening treatmen(Sk elpeerednFaaicexaidmle, the
glass is cleaned with sulfuric acid and then cleaned with pure water, isopropyl alcohol (IPA), or the

like. Colmonoy, and Stellite. Note that, it may be possi ble to control the
press molding by cooling the press molds 50 and 60 by using a cooling
medium such as water or air so that the temperature s ofthe press molds
50and60donotrise. Further,forthepurposeof causingthetemperature
distributionwithinthepress-moldingsurfaces52A and62Atobeuniform,
thecoolingmediummaybeusedtocoolthevicinity ofthecentralportions
of the press-molding surfaces 52A and 62A and/or a heating member such
as a heater may be placed on outer peripheral sides of the press molds
50 and 60 to heat the outer edge sides of the press -molding surfaces
52A and 62A.
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[0229] Next, the glass which has undergone chemical strengthening and has been cleaned
sufficiently is subjected to second polishing. A machining allowance removed by the second polishing
is, for example, about 1 pm. [0230] The purpose of the second polishing is to finish the main
surfaces like mﬂgﬁéﬂurfaces . In the secondpolishing step, the disk-shapedglass is polished by using a
double-side polishing apparatus as in the first polishing step, but the composition of polishing abrasive
grains containegifra: PLSUG URdALSIYIAY) o Re-Hses R composition of agaolghiagpad are
different from those in the first one. In the second polishing step, there are used polishing abrasive
grains eaghidawing atseaiiehd@nmeteraand @ satiemppelishing pad compassdnveithi tlyas e fisscke first
polishing step. For example, in the second polishing step, a soft foamed resin polisher, for example, is
used asPéh: potishiRgopdbe At fites edriolth DXidedathasiecgrains than the BeriiasexXitddabPasive
grains used in the first polishing step are, for example, used as the polishing material. [0231] The

disk-sh&PRREGRE HhITEHERE iRUHB SR HHIRIMIRY {15558 kgain cleaned. APtHEUBSHMG a neutral
detergent, pure water, or IPA is used. The second polishing yields a glass substrate for a magnetic
disk ha\l/fﬁ%gg[% |Rr§3r ace f?arlt%xe%@%[tellap(r:r?%\ﬁégs& ﬁhod] a main surface roSLOgrﬁ%rerg'sngflatf%m or less.
After thaf, yaKiauS AayeTs SUShh s R ANAanelit lryes sve iprfred on the glass sy Rstrale fgrdnagnetic
disk, and a magnetic disk is produced. [0232] Note that, the chemical strengthening step is
carried agptrasweriotae fissl [palishingf stepranchés second polishing stegreandtheuardalyof these steps
is not limited to this order. As long as the second polishing step is carried out after the first polishing
step, thé sherietiesttoatthe ndgioste peanistcaatisitafily arranged. For exéhplefahesortietof the first
polishing step, the second polishing step, and the chemical strengthening step (hereinafter, referred to
as "Rouftiy]. HRayYhe5d8htEE NERESHER! RO HERESS addptdd, surface irregMariied tRRE be
producesd ﬁ%’tth% c|I|1e i(t:%lu? r%ré%thﬁr}iengsgtnep ?Eﬁlg% removed, and henceﬂ?;?rgvlpr%ferlrerd (iES the
routing 0 ehiret r}/o |§hing satep, the'CREMmical s réngthening step, and the seConc?poaiisef'ui%g step.
[0233] Note: thaty i5erRutarIHRg A THANNGYS reRKdingedium glass i gefect which is

assumedtobeduetostressconcentrationonthe V- shapedgroove portion
isliabletobecaused. Inadditiontothis,when asignificantlyirregular
portionisformedinthe moltenglassstretchingre gionsSlandS2, heat
shrinkage ofthe plate glass 26 in the diameter dir ectioninthe second
pressingstepisprevented. Therefore,excessives tressisproducedin
the plate glass 26 in the in-plane direction, which causes the plate

glass 26 to be liable to be cracked.

[0110]

Here,theterm"substantiallyflatsurface"noton lymeansausual
flat surface whose curvature is substantially zero, but also means a
surfacehavingsuchaverysmallcurvaturethatas lightlyconvexsurface
oraslightlyconcavesurfaceisformed. Further, itisnaturallyallowed
forthe"substantiallyflatsurface"tohaveminute irregularitieswhich
are formed when usual flattening processing, usual mirror polishing
processing, or the like is applied at the time of m anufacturing press
molds, and it is also acceptable for the " substant ially flat surface
"tohaveconvexportionsand/orconcave portions| argerthantheminute
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substrate, the flatness of the glass blank used in the processing and the flatness of the produced
magnetic recording medium glass substrate may be caused to be substantially the same. As a flatness
required of amagneticrecordingmediumglass substrate, for example, in recent years, a flatness which
is 10 pm.or | Q;ll er is required with regard to a 2.5-inch glass substrate. Such flatness may
be easﬁ)}/%gc&o%ri%\#s ’gfd %)? g%f% s blank produced by the method of manufacturing a glass blank
according to thepgegend embodiment of the present invention. The "flatness of the glass blank used in
the processing and the flatness of the produced magnetic recording medium glass substrate are
substantially thel sameisas msed foetencmeanspitvaictnafipiness of the glass blahkrisHE)b%uoe less with
the required flatness of the magnetic recording medium glass substrate being the reference (100%).
[0234] irregNigrétyhist, inteAar Siapatartial th@@jrissNsiaAk used in the procéssPrRyaNPRédatness of
the produced magnetic recording medium glass substrate are caused to be substantially the same, a

step suBH Y A3 RRE St WHIERIsSLaRRY SRAVGRPEHEHT the main purposEE thBRHIHEHR to
improve._the. flatn may be elimjnated. [0235] (Method of Manufacturing Magnetic Recording
e B e R R R gt the secoth
embOd'B}ﬁ%iﬁbﬂé‘ﬁdﬁfﬁfﬁ@ﬁé@é’ﬁ@i%ﬁbﬁmﬁq@éié%%that a magnetic r?ﬁﬁﬁdﬂPgrﬂEﬁﬁ{'f&'i‘P\éS pr_oduced
by at least going through a magnetic recording layer-forming step of forming a magnetic recording
layer orpariagoelicgsranrolirggnedigon glasseaudstrate produced by theheigtiegrefenamyfacturing a
magnetic recording medium glass substrate according to the second embodiment of the present
inventiohO [0236] less, naragrmetryadbobding mediuwnm & dése calsth€orvexamtprecanyvexnetic disk or a
hard disk, and is suitable for internal storages (such as fixed disks) for desk top computers, server

comput@REIRBIEERIRNHI TP tRIDB I @Y ReTs, and the like, interARF $RFa8RRPRA P& e
recordi%ﬁpod rﬁg)ronduciﬂgnqr%\(lices ﬁﬁ?gnf?r reCO{d(i:ng ar{ﬂ reproducing ima%egaﬁarn or sounds,
X . :

recordi andqrep\fboqj%lng dEvices for'intcaP 0did sey%{]ems, and the like. ﬁ) © S'%’I‘%('r-:-arlnagnetic

recording; adiun BAm A, SXanBlRe A RIPLAWATIALIRIMRCh at least an agherent jayery #fundercoat
layer, a magnetic layer (magnetic recording layer), a protective layer, and a lubricant layer are
laminated e teeymainssidace o atrhsitte segeentailyestarting from thelayeriakisadie main
surface of the magnetic recording medium glass substrate. For example, ama gneticrecordingme di
um glas$sulsstrateris atitrogwcedshep edilmeforening aperaslin svhich pressure islredutedyand each
layer from the adherent layer to the magnetic layer is sequentially formed on the main surface of the
magnetl'FEotARRAAS BN URY GRS B RO FaM AN QR§Ssphere by using RIS Riaie@88 sputtering
method. There can be used, for Terﬁample,.CrTi as the adherent layer, and, for example, CrRu as the

undercoafmﬁg/g??,&jﬁé?rt'l%aaﬁ%\/%- ST B[ layatel a8 the protective Ia‘i}ér}%t Sr%aerél'%ith 02H4
gas by U5bithJBI:IGERINL Y EREHHadk AafldhgRqitriding treatmenidagluding iisBRising nitrogen

into the surface Is carried out in the same chamber, thereby being able to form the magnetic recording

mediums Aftewthete iexamiighiralyfuoropolyethen{BFRE] isvapplies om she: petective layer by a dip
coating method, thereby being able to form the lubricant layer. [0238]

preferably 30 umorless, more preferably 10 pmorless. Further, from
the viewpoint of suppressing the occurrence of a cr ack due to stress
concentration at the intersection part between the bottom surface and
a side surface of the trapezoid-shaped convex porti on, itis preferred
that the side surface of the trapezoid-shaped conve X portion be a flat
surface having an angle of slope of 0.5° or less wi th respect to the
topsurface,orbeacurvedsurfacecreatedbymodi fyingtheflatsurface
to a concave surface. Note that, the angle is more preferably 0.1° or
less.

[0112]

Further, it is allowed for the concave portion lar ger than the
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The size of the magnetic recording medium is not specifically limited. However,
themagneticrecordingmediumglass substrate is formed of a glass material which is excellent in impact
resistance, and hence, it is suitable that the size is 2.5 inch or smaller which is conveniently portable

and higWn'&‘f@')éﬁg@?%?gz‘kﬁf%E?u%pg_céJB%‘i%@% Rﬁ?&ﬂ?- [0239] <Third E”@&?Ag‘@d‘%ﬂg&%"d of

Manufacturing or Magnetic Recor |n|g edium Glass Substrate) According to a third
embodiggababie sresakienlionchiesn i pryses,a method of marykaetukBgAIMaRRblank for a
magnetic recording medium glass substrate (hereinafter, sometimes abbreviated as "glass blank")
(hereinaftepgoaietimes alboeVéaiedras deathuadiof axampasttrindeseglass blank™), includingtéon
press-molding step of press-molding a plate glass by directly pressing a molten glass gob by using a
pair of prege eNEPIRICH arelisotarsdlawitgbriopposed to each other sffthhave RUbstaatially the
sametemperature. Inthepress-maldingstep, the molten’glass gob continues to be pressed by the pair

of presS IR HRHRHRSBIRIEPLL TS U RReUARIRRCYRSE Yob is equal to ot folldF tHén e Pehperature

which is 10C higher.than the strain point of a glass erial forming the plate glass. [Q240] A
high-ter'nsr?er%?urrgegﬁrletgss-mol e”d%r'S%ﬁb Psr%%%l?/er et%/?gmable. Thlhls'?' %&%@@%%\3&%88 continues to
be presgeddy s Pay b RigRsTRISS wathihg demegasure of the molten glass,gohis-eapial to or lower
than the above-mentioned temperature, to thereby prevent the deformation and manufacture a glass
blank ot plesiiecsslappe.donitus €psesidnis pvafgued dhat he molten glassdqpncoptyuieate be pressed
by the pair of press molds until the temperature of the molten glass gob is equal to or lower than the
glass tranghivartanpiraverelohitheglass anarertalo [0241] Further, itnggptefdpetets pepfstm
annealing after maintaining a state in which the molten glass gob and the pair of press molds are
broughtGRiS MERALE CORACOWIRNE FALHStREMGEE YR 38hBbrature of the MBI EREYEBBYs equal to
or lower than %r}g_gﬂalnegmrét of the glass materlas!telgéhe ?ast%(\a/vher%banneahng IS perfor{peﬁ%after the

press mtcr)?(ﬁ)l% S0 287D eIimlr?ar{tCea(r%legggﬁﬂe Sttafinside the glass% lank, if the presétsari]s merely

continued;ypdl heterincraidrs Atite dnalEbotans apPisequal to or lower than.a lampREaie which
is 10C higher than the strain point, there is a fear that'the strain remains inside the glass blank.
Howeveso hy maieiabing-therstaie dtwdniel dnerimgliriagass gob and thedré dftpresatvealds are
brought into intimate contact with each other until the temperature of the molten glass gob is equal to
or lowepfhae fhewstbaitypadey rites proedss, egincbbiingehibetass blank can beoooatreliedtiandshe strain

inside the glass blank can be removed. As a result, a glass blank whose flatness is less easily
deteriorat@d ¢ areadeRHdRAg can be bhtAiFed: Notetitrl iRdeRBRP IR TRfifAkte contact” includes a

tate in which th It I ti tob by th ir of lds, and a state |
hich A pal BT RS B B tained i HIATAES Sor A RIS RURORGHaks sob wihout

app'yi”%ﬁ‘%ﬁ?ﬁp%@%@%%&!&ﬁ%H@é’op%?ick due to str ess concentration
at the intersection part between the bottom surface and a side surface
of the trapezoid-shaped convex portion, it is prefe rred that the side
surface ofthetrapezoid-shapedconvexportionbe a flatsurface having
an angle of slope of 0.5° or less with respecttot he bottom surface,
orbeacurvedsurfacecreatedbymodifyingthefla tsurfacetoaconcave
surface. Note that, the angle is more preferably 0 .1° or less.

[0113]

Inthemethodofmanufacturingaglassblankaccor dingtothefirst
embodiment of the present invention, as the press m olds, as already
described, (1) press molds of the guide-memberless type, (2) the press
molds 50 and 60 of the integral type in which the p ress mold bodies 52
and62andtheguidemembers54and64areintegral lyformed,respectively,
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Further, the press-molding step may include a first pressing step for determining the thickness of the
plate glass and a second pressing step for improving the flatness of the plate glass, and the first
pressing step and the second pressing step may be carried out continuously by using the pair of press
molds. Further, it t - [ be carried out s@ that [ s of the
plate glé}él)stt}lﬂs% rh%r%sgﬁ géeﬁr)lg I?rée a(?rfwrg@ésg %Egégé}%iﬁl%gpm or less (Withi?ln 1% %érﬂiﬁlgcﬁigiit, the
method pb MsswRSYHREE? SlrRRQJantcAraAEING ik e third embogimentphhik psepankdavention is
suitable for manufacturing a thinner flat glass blank, and hence the thickness is more preferably 1.5
mm or |lessnbtllsnerepprefesablyriii i oralebe, yatdnere preferably 1.0 ommtlor eésep@ada] Note
that, the method of manufacturing a glass blank according to the third embodiment of the present
inventioRcRAY DS v iatY thiretee sot da bfape anethibel 8f manufacturing AJlassbirkiiesecording to
the first embodiment or the method of manufacturing a glass blank according to the first embodiment.

Further HEaH8thutBE ML RN RS 'gist BdRRToPE agnetic recordiny H&dilih 8M88%ubstrate
according to the third aspect of the present invention. may be combingd with the modes of the method
o manc e e B e mbociment o eSS b e facturing a
glass blgnls arcaedigy to the second embodiment. [0244] (Method of Manufacturing Magnetic
Recording Medium Glass Substrate) A method of manufacturing a magnetic recording medium
glass substrateg/@ccayding to the third embodiment of the present invention is characterized in that a
glass blank is produced by the method of manufacturing a glass blank according to the third
embodiment, ahi@ e tgkassebtankdishaio eesiedrie psodalsts 2Pnagnetic recording amnsdadneigfiaes
substrate. Note that, in the method of manufacturing amagnetic recording medium glass substrate

accordifi§RB'HE PR TRBOHITALNt 8P AT EEER FHRFHGN, the same manFA&BFEECORSBYNS as

those in the methgd of manufacturing a magnetic recording medium glas FMP trate according to the
first em Sdllsrﬁé?h?&na /61 {E'g Rﬁrgfﬁror Oﬁﬁgﬁ?ﬁg{fﬁﬁn”é a magnetic record?r?g m(faﬁhle 568 substrate

accordiggelg U seeand apRdistAtsstindiabevRean be employed, GreeohigiBaise 2 the
glass blank produced by the method of manufacturing a glass blank according to the thir
embodimanhd Ak ddetog of Manulastning Magnetic Recording Mediumkndicufaniethed of
manufacturing a magnetic recording medium according to the third embodiment of the present
inventiomois sheed dieeizéahirthratuade agpretiere¢ didimp medium glass subgtestetlie fwodticad by the
method of manufacturing a magnetic recording medium glass substrate according to the third
embodifi&hiHAH B afsRsia teabydinetisemnsriRgtiuced by at least ¢biRG RAPSBYHCANREgnetic

ding | -formi t ' ti ding | th ti di di
olass SOLAIAES RARE TR SHE SR BLPEF HAMaChing amagnetc fEGbN G HEGIUR Hooording (o
the third, epbodiraent ofiiG PESSEMNJR YRR IhGrRaATggMAnUfacturing condjlionsas fase in the

method of manufacturing a magnetic recording medium according to the first embodiment and/or the
method qb MaD WA~ SRRk RFE 5 aedHEM according to thrseaABMIRHEOHEREN
described above can be employed, except for the use of the magnetic recording medium glass
substrate? praciice t oy give i method aftwahefaettinhtghe magnetic recordinghmedliess glassésubstrate
according to the third embodiment. [Examples]

afirst pushing member for pushing atthe same time the press mold body
52 and the guide member 54 in a direction substanti ally perpendicular
to the press-molding surface 52A and to the other p ress mold 60 side,
and a second pushing member for, after the first pu shing member brings
the guide member 54 and a part of the other press m old 60 into contact
witheachother,pushingthepressmoldbody52in adirectionsubstantially
perpendicular to the press-molding surface 52A and to the press mold
60 side.

[0115]

FIG.10isaschematicsectionalviewforillustra tingoneexample
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[0246] <Examples of First Aspect of the Present Invention> Hereinafter, the first aspect of the
present invention is described by way of examples, but the first aspect of the present invention is not
limited to only the following examples. [0247] <<Production of Glass Blank>> In examples and

compargy ae%%ﬁ%‘%%%heoﬁgn?%’éﬁ HEL SOV BYRARG0s gl glass blanks (dizﬁ%e&%ﬁ?é?%ﬁ fagpm.

thickness: mm) for producing 2.5-inch magnetic recording medium-glass substrates were
continuausly gedGReIRASIHERMPIAR subshererdingtaithe process illgtiateddvRG. 1 to FIG.
9, the molten glass gob forming step, the first pressing step, the second pressing step, and the taking
out stepewerel caemedfabt jor pseduce glagsbiarnksidotp dieat, the viscosityioéligeanadtefoglass which
flows out from the glass outlet 12 was adjusted to be 700 dPa.s, the first press mold 50 and the
second ipHssERbTId 66 W@ Placddhsora8s Melgerpeaditular to the directRfhahtiviigtpdi@idolten glass
gob 24 fell, and the falling distance was set to be 150 mm. [0249] Here, main physical property
values éwbethlé”E&%&Qsltf%ﬁ{%tﬁﬁ@ﬁm%@%[%?@& in producing the Y488 BHRNFBYRELS follows.

Glass tgalirﬁﬁglr gﬁgg?lrlﬁg%gfe‘lo%%gle. 4to0FIG.9. Further,apress mold

50S illustrated in FIG. 10isacorrespondingto th
asimilarstructuremaybeadoptedinthepressmol

part of the press mold 50S includes the press mold

e press mold 50, but
d60. Here,aprincipal

body 52, the guide

member 54, a first pushing member 56, and a second pushing member 58.

Central axis of the members are coincident (dot-and -dash line Xin the
figure), and the central axis are substantially coi ncident with the
horizontal direction.

[0116]

Here,thepressmoldbody52isformedofacircul arcylinderhaving
oneendsurfacethatformsthecircularpress-moldi ngsurface52A. Note
that, the shape of the press mold body 52 is a circ ular cylinderinthe
exampleillustratedinFIG.10,buttheshapeisno tspecificallylimited
insofar as the shape is substantially columnar. In the example
illustratedinFIG.10,thepress-moldingsurface5 2Aisasubstantially
flat surface.

[0117]

The guide member 54 is a hollow circular cylinder, which has a

length in an axial direction X that is longer than

axialdirection X ofthepressmoldbody52whichi

which houses the press mold body 52 in an inner per

which has one end face (guide surface 54A) thatis
with the guide member of the other press mold (not

whenpushedbythefirstpushingmember56. Here,
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the length in the
sacircularcylinder,
ipheral side, and
broughtinto contact
showninthe figure)

thedifferencebetween



.Deformation point: 550C .Strain point: 490C .Composition: composition corresponding to Glass
Composition 2 [0250] Further, specific conditions for carrying out the first pressing step and the
second pressing step and details of the press molds 50 and 60 used in the press molding were as
follows.. [0 - it i irst P ing Step- Thg te I%e
press-rﬁhé%ébéﬁgggig%uzoﬁ%%&eﬂ{d%tggf ég o{rré%theeﬁﬁgtg?essingstepxas é%rﬁap %ﬁv%@s%t% e 500C,
the temperathea ahibr aress Mabling: Mifasa Rey immediately beforghedirsh peessinge fep was
carried out was set to be 500C, the temperature difference within the press-molding surface 52A
immediately bieforaithectirsupressingcsiae ssas calirigd othvas set to be 506G 2andhtires teriperature
difference within the press-molding surface 62A immediately before the first pressing step was carried
out wastse&aiboneXs0C! rRIgRE MHAL tifd prets Wiitis Seriid 60 were set to bdmalRn ad @ fthe
press-molding surface 52A and the press-molding surface 62A were brought into contact with the

molten §154856Re5% 4t the ¢avE RheRILIHESeSs-molding time wAE A6 LBRSHGPRote that, the
temperatures of .the press-mojding surfaces 52A ang 62A were monitored %h rmpcouples placed at
a depthotﬁct H.en%’rLH Fonrﬁetnﬁsgep%és'ﬂf%]éﬁogwsm%ﬁ%rs 'B\Oz%nd 62A. Among the {etﬁ%cs)cgﬁglless, one was
placed abihg,cenies Bl Rkl 8fithe mressmolding susfaces 52A and 62A, ang\foususraplaced at
positions of 30 mm in radius from the center of each of the press-molding surfaces 52A and 62A so as
to form angles @f13,80, 180, and 270 in a peripheral direction, respectively. [0252] -Conditions for
Carrying out Second Pressing Step- The duration time of the second pressing step was adjusted
and the flatnesd o fihet piltaine thgrabs i6iskermad afiediskréd. When the duratfneinie of tresesecond
pressing step was 2 seconds or more, the flatness of the glass blanks was 4 pm. Therefore, the

duratior? IfH6eF(RHEBIY pHEERGRG Sfa0 (#28 UektiMSe 2 seconds. ThetEHBETAPENGMRE Dlate glass

26 when the second pressing step was campleted (temperature when taken out) was 495C. The press
pressur%édﬁ%i%%ﬁﬁ%%%\g%nEfnﬁ'r%gé??%t%%vﬁ'%&segarried out was set tgh S(raegl%\‘/\?éjig%gﬁ’%?lbe. MPa . Note
that, thesEﬁ@@&@é%"%eo‘?ftﬁéeppé%kerﬂ@ésogﬁ Fhvalkn determined on the ggsumption fhatdhe

temperature was a temperature measured by the thermocouple placed at the center of each of the

press-mplding GYlfiaaes 528)atdHr2duiiethis sy Hae duration time of theegeeomdauigissiog step was
controlled with

56H which passes through the first pushing member 5 6 in the thickness
directionisprovidedinapartofaregionwhichi sopposedtothepushed
surface 52B of the press mold body 52. Note that, a surface 56B which
is opposite to the pushing surface 56A is connected to a first drive
(not shown). Therefore, in the press molding, by t he first drive, the
press mold body 52 and the guide member 54 may be p ushed at the same
timeviathefirstpushingmember56intheaxiald irection Xillustrated
inthefigurefromthesideonwhichthefirstpush ingmember56isplaced
to the side on which the press mold body 52 and the guide member 54 are
placed.

[0119]

Note that, in the example illustrated in FIG. 10, the shape of
the firstpushing member56isadisk, butthe shap eisnotspecifically
limitedinsofarasthe shapeissubstantially plate -like. Further,the
through hole 56H is provided as a hole having a cir cular opening along
the centralaxis Xofthe pressmoldbody52andth efirstpushingmember
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the flatness of the glass blank being a barometer to obtain glass blanks excellent in flatness. [0253]
-Press Mold- As the press mold 50, one formed of cast iron of the integral type in which the press
mold body 52 and the guide member 54 were integrally formed was used. As the press mold 60, one

of the ir&%gﬁlt%ﬁe Wi?&%ﬁﬁrﬁﬁ@}l%%ﬁgﬁhgﬁgﬁ mgld, S was used. Note that, ¢ 6’? ?8@'&@8“”9

P
surfaces 52A and 62A were completely ces. Further, each of the press mo dé 50 and 60 of

the integtal dyipe WHieRiwere Hsatkwastyovideg Wik diow path for passing g @eding Madehe
therethrough formed in the press mold body 52 or 62 for controlling the temperature of the
press-mulditigrausiacen 52 paor 62t @anelgtiba temgeiatappdistribution within thedpressemuldireg surface
52A or 62A, and a heater placed on an outer peripheral side of the press mold 50 or 60. Here, the flow
rate of thier @sEIrtPwiee RISS IO HERRIMPEorTdifities. 1 the heater wereatIaPSIRIGhs Beftifge difference
between the temperature of the press-molding[ surface 52A of the press mold 50 and the temperature

of the pPEEREMERIAG RIR 0L 82X BT IR INRUERIYRF BT Was always hel§ WRTIEL: rAIRYEE¥R:0C. [0254]

(Example. A2) .. | Glass hlanks were produced i tﬂ same manner as in le Al except that the
duratior%ttll?n% (r)ttJ %Hleaggc%rr?%eﬁrrgést\ﬁ%%s}%gh was (énﬂé)t ezned and the tempersafuérgeﬁggﬁ*f)er%Yé?%%)Iass when
taken oWhWassRh iR Psiﬁﬁ% 2P IAEAIBPIE Ad)he ceClass blanks weyg produsegyip the same
manner as in Example Al except that, as the press molds 50 and 60, ones of the separate type in
which thegyressonod ipdes 52 and 62 and the guide members 54 and 64 were formed as separate
members, respectively, were used. [0256]

[0120]

The second pushing member58isformedofarod-li ke memberwhich
is placed within the through hole 56H and is connec ted to the pushed
surface 52B side ofthe pressmold body 52. Notet hat, the shape ofthe
second pushing member 58 is a circular cylindrical rod in the example
illustratedinFI1G.10,buttheshapeisnotspecif icallylimitedinsofar
as the second pushing member 58 may move the press mold body 52 in the
axial direction X. Note that, an end of the second pushing member 58
whichis opposite toan endthereof connectedtoth e pushedsurface 52B
sideisconnectedtoaseconddrive(notshown). T herefore,inthepress
molding, by the second drive, only the pressmold b ody 52 may be pushed
via the second pushing member 58 along the axis dir ection X from the
sideonwhichthesecondpushingmember58isplace dtothesideonwhich

the press mold body 52 is placed.
[0121]

-Glass Material-

The glass material used in the method of manufactu ring a glass
blank accordingtothe firstembodiment of the pres entinventionis not
specificallylimitedinsofarastheglassmaterial hasphysicalproperties
suitableforamagneticrecordingmediumglasssubs trate,inparticular,

a high thermal expansion coefficient, further, high stiffness, or heat
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(Example A4) Glass blanks were produced in the same manner as in Example AS except that the
press pressure during the second pressing step was carried out was reduced with time. Note that, the
press pressure was controlled so as to be 50% when the temperature of the plate glass 26 reached a

temper%‘éﬁ%t‘é’ﬁf&%‘a\ﬁ’&?’h%ﬁ%é%’ﬁ& heg éhseg%egrtﬁ)@aﬁqﬂ point, with the prgrfgs]gr,%%?g%liemggdiately

after the start of the second pressing step being the reference (100%). [0257] (Exam

Glass blanieswaleBEORlrEEUIn (B8 taIBsHRsERRhas i Example AS exeeptdiadidhp rress pressure
during the second pressing step was carried out was reduced with time. Note that, the press pressure
was contiieltebse dihto the BSmvalherghesiempestiicierof the plate glass 26 ¢eactiedta tamperature
which was 25C higher than the defromation point, with the press pressure immediately after the start
of the stt@itPpresRangisesbeifigiant rifardintaer 0uvhpdi258] (Example A6)9 the Gragd elienks were
produced in the same manner as in Example AS except that the press pressure during the second

pressingFSRS NEseaIHEY- oY Qs TRetiEsa Wit BV RiB& that, the press pré8&afeS¥BRNAfolled so

as to be 50% when th m yre of the plate, glass reached a temperature which was 40C
higher t %%f{ﬁ'eeaef?érr?ggohgr%?r@t,E\?Viﬁﬁ 'rg%rr('ﬂélsglsﬁ;I p?égs%?e immediately aft(?erEl the start of the second
pressing siep Anings g referepee(1A0%%) sIZrdldBxamirlieyg0x 10  Glass blanks,wegeppeduced in
the same manner as in Example AS except that the press pressure during the second pressing step
was caryiecsautinge edieemyidsine. Note that! the pressreresaareppas Lontisiled so as to be 50%
when the temperature of the plate glass 26 reached a temperature which was 40C lower than the
defromatiemausitin egitle the iesscprétisieetimnoedizell) after the start of thellgdicoeldpkassing step

being the reference (100%). [0260
g < 2 a[bly 1%0><10

practically, is prefer "/°C or less. For the purpose of

reducing deflection which is caused when the magnet
rotatesathighspeed,aglassmaterialhavinghigh
More specifically, the Young's modulus is preferabl
more preferably 75 GPa or more, still more preferab
still more preferably 85 GPa or more. The upper li
modulus is not specifically limited, but, practical
120 GPaorless. Further, by using aglass materia
inheatresistance,the substrate maybe processed
inthe process of manufacturingamagneticrecordin
the glass transition temperature of the glass mater
600°Cormore,morepreferably610°Cormore,still
ormore, yetstill more preferably 630°C or more.
limit of the glass transition temperature is not sp

but, from a practical viewpoint of suppressing temp
press molding and the like, is preferably 780°C or
materialwhichhasahighthermalexpansioncoeffic

andheatresistanceiseffectiveinobtainingagla

for a magnetic recording medium having a high recor

[0122]
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ic recording medium
stiffnessisdesired.

y 70 GPa or more,
ly 80 GPa or more,
mit of the Young's

ly, is preferably

Iwhichis excellent
atahightemperature
gmedium, andhence,
ial is preferably
morepreferably620°C
Note that, the upper
ecifically limited,
eratureriseinthe
less. Usingaglass
ient,highstiffness,
sssubstratesuitable

ding density.



(Example A8) Glass blanks were produced in the same manner as in Example AS except that the
press pressure during the second pressing step was carried out was reduced with time. Note that, the
press pressure was controlled so as to be 50% when the temperature of the plate glass 26 reached

the defromatiorAerétc gxg”(%t [% gé?f? E%i%%%g% A%ngd?é%llpaﬁ ig%lr the start of the i%%%g§ﬁ$§ing step

being the reference (1 A anks were produced in the same
manneresify GXaMBle Agho3ranp bt thedempgiatyre of the plate glasgwhgRdakeit kdiMgs set to be
485C. and, as the press molds 50 and 60, press molds of the separate type were used. [0262]
(Comparatdierkyampkublrate nalass bankpnveetypradaced in the samedyamnhienr @zamibkample Al
except that the duration time of the second pressing step was set to be less than 2 seconds and the
tempera&@lé st 608 prEdi ghesaviiry eatiom aud ass satetde 520C. [0263]!(RoparaticaExample A2)
Glass blanks were produced in the same manner as in Example Al except that the second pressing

step wa%i@ﬁhﬁf&%%%ééjfj appropriately selected, but it is preferred that
aluminosilicate glass be selected. Note that, a co mposition of
aluminosilicateglassdescribedbelowisparticular lypreferred,because
all of heat resistance, high stiffness, and a high thermal expansion
coefficientmaybeeasilyaccomplishedinawell-ba lancedway. Thatis,
itis preferred that the glass composition of the g lass (hereinafter,
referred to as "Glass Composition 1"), expressed in mol%, includes

50 to 75% of SiO 2,
0 to 5% of Al 203,
0 to 3% of Li »0,

0 to 5% of ZnO,

3to 15% in total of at least one kind of component selected from Na >0
and K ,0,
14to 35% in total of at least one kind of componen t selected from MgO,

CaO, Sr0O, and BaO, and
2 to 9% in total of at least one kind of component selected from ZrO 2,

TiO 2, La 205, Y 120;, Yb 203, Ta 1,05, Nb >05, and HfO 2, and

the molar ratio {(MgO+Ca0O)/(MgO+CaO+SrO+BaO)} be in the range of 0.8
to 1 and the molarratio {Al 2O3/(MgO+CaO)}beintherange of 0to 0.30.

[0123]

A preferredrange ofthe average linear expansion coefficient of
Glass Composition1at100to 300°Cis 70x10 “"/°Corlarger,apreferred
range of the glass transition temperature is 630°C or higher, and a
preferred range of the Young's modulus is 80 GPa or larger. Glass
Composition 1 is suitable as a material of a magnet ic recording medium
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(Comparative Example A3) Glass blanks were produced by the vertical direct press using a glass
material similar to the one used in Example Al. In the production of the glass blanks, there was used a
press apparatus including a rotating table along the outer peripheral edge of which twelve lower molds
were ar t lar inte | i t rotating in one ditecti ile alternatively
moving @ﬁﬁ%ﬁ?ﬁg‘%@ﬁe@cﬁﬁ%@ %gey}t,%r}ngg ﬁ%%gsgs%tﬁﬁher, when the n%rh bﬁs{h Fvﬁgt n%i' , were
given totwelvglower mold stop positions corresponding to the twelve lower molds arranged on the
outer peripheral edge of the rotating table along the rotating direction of the rotating table, the following
respective menmtezgjwere arranged above the press surface of a lower mold or at a side of a lower
mold at each of the following lower mold stop positions. .Lower mold stop position Pl: molten glass
supply apparatd$agtgemaisitadvwp gusiteniprthgppateniond .Lower mold steid pessitideie99; taking out
means (vacuum adsorption apparatus) [0265] In the press apparatus, a predetermined amount of

molten YIRS REXGHLREH Y S IGARP TR ARHEIower mold stop poRiEiGH 8 hECRIBRYASFass is
press-mglded intq a thin plate glass with the upper,mold and the lower mqld. at.the lower mold stop
postton 2 Lol T g A BRI o o taken ot AR e ST Biop postion
P9. FUWQ%Ui?aﬁ%P&%W&Q%‘[’%§¥ﬁ9dﬁ1 %mwmyhen the_ lower mojddwoiy&iiR e siop positions
P2 to P9, and preheating of the lower mold is carried out by using a heater when the lower mold
moves ihp&itp posdienmROrtedtdize [0RGH "Glas3 e material of the uppsyineeld anchtheslower mold
and the smoothness and the flatness of the press-molding surfaces were similar to those of the press
molds 50 eseh&0Huddthin =% ansié am Motk ona?, grpissesity of the moltengyastmimaditeely before
being supplied onto the lower mold located at the lower mold stop position P1 was adjusted to be 500

dPa.s. [0267PCoHHiREHLtor arrying auR BédsingsRipYided \atdhp &0 RNE&EaICof the conditions
for carryin t the pressing step were as fgllows. The t erajure of the press-molding surface of the
upper r%%%“?n/t’:r%rea}g{&;? %%%r% ﬁgtspésos?iré step was ca igsdgg}ﬂtovrvgqsosrgt to be 380C, the temperature
of the press-gralping suriage 1 the lower g&l%gn{@(gﬁgew bzqgc')re the pressing step was carried out
was set to be 480C, the temperature difference within the press-molding surface of the upper mold
immediatedydysforediae oressmastepamspeatittsiaubwas set to be 30C, ardihenhtasnpriotive
difference within the press-molding surface of the lower mold immediately before the pressing step
was carnigt @uthaassecnben80CMNOteatindt, the upper mold was driven downward 2 seconds later
after a predetermined amount of the molten glass was supplied onto the lower mold. Further, time from
when tHBUSIERAMB A HroagIR At dBHtAet #ith the molten glas$bretHetlaffer Mafesto"WhePs the
upper mToId an he(#%weﬁgm_ﬂ were moved away from each other (press-molding time) was 0.3
second. \‘7\Pr%h the presssing step Was carried out under the conditions described above, the
temperature of[t@&ghate glass when the pressing step was completed (temperature when taken out)
was 500C. Note that, the temperatures of the press-molding surfaces

(Method of Manufacturing Magnetic Recording Medium Glass Substrate)
The method of manufacturing a magnetic recording m edium glass

substrate according to the first embodiment of the present invention
is characterized in that a magnetic recording mediu m glass substrate
ismanufactured by atleastgoing through a polishi ng step of polishing

themainsurfacesofaglassblankproducedbythe methodofmanufacturing
aglassblankaccordingtothefirstembodimentof thepresentinvention.

Hereinafter, specific examples of steps involved in the processing of
a glass blank into a magnetic recording medium glas s substrate are

described in more detalil.
[0126]

First,scribingisperformedonaglassblankobta inedbycarrying
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of the upper mold and the lower mold were monitored by thermocouples placed at a depth of 5 mm
from the press-molding surfaces. Among the thermocouples, one was placed at the center of each of
the press-molding surfaces, and four were placed at positions of 15 mm in radius from the center of

h of - ' t f 00, 90, 180, ' ipheral
Crocion ToRBrel IO (Cem e AN Rey " Glass bianie were Boadcbd

erep ced in the
same maneafn@s iR sPrkRAAIVEfexamR!ei AR sxeRRt that the press-moldipg{iagmes @xtended so
that the temperature when taken out was 495C. Note that, the production speed was considerably
slow andrithene evasnogonaicticality) anththus;ratehenticeeadf having producedcsevered detts lotiglass
blanks, the press was stopped. [0269] (Comparative Example A5) A press apparatus similar to
the oneQis@die Cohfharagne ExAipise NSaexedptehat arm@pper mold for cdefdgplaas Rianlker placed on
the press surface at the lower mold stop position P3 was used as the press agﬁaratus. Note that, the

upper MBS BAIMGTRiRELRENGAIHIRRE RAN BiRRtUre as that of the U}She? #618381"8r8ss molding
placed an the press surface at the Jower mold stop paosition P2. Here, the pressing step to be carried
out at tﬁé?g\?vte%nr#gl%d;fc’éﬁep03| ot llﬁisv&a@ncgrhr?evd% u %rﬁ%%crfconditions simi%ﬁ%%nosﬁgeir?v&oomparative
Examplesh3elRAZQlrcles & wabe fudagethe: Rgriogldn which the lower malgyis;3appesk atdhe lower
mold stop position P3, a state was held in which the whole upper mold for cooling was preheated to
about 480 rasuhve@as it eughd slasetonbripledet@ass placed on the lowehsivldebdbwesnnet brought
into contact therewith. [0271] (Evaluation) The glass blanks produced in the examples and the
comparatigte examngoiey erkby evtleatd éndidierenokflatness, a crack, and peothatgvipaFien@isults are
shown in Table 1 to Table 3. Note that, the temperature between the press-molding surfaces during

the first HASSSIRG SRYY 'aHH tHRIEIESHARF e ARE &@EP Wvere carried out AP HITSRE EX 411188 and
Comparative Examples Al .and A2 in which t lass blanks were produged by the. horizontal direct
oross Wi B B S B R P Simerature betwee et Br LS T Surraces

during the pressing-FiERrdas,ratTied fut du fepiiBatativedrxamples AS to As,imyfigh,Hic.glass blanks

were produced by the vertical direct press was in a range of 450C to 500C.

recording medium glass substrate (glass substrate f or magnetic disk)
(whenthesizemaybecorrectedbyendsurface poli shingdescribedbelow
alone), a central portion serving as a circular hol e may be subjected

to coring instead of the scribing step.

[0127]

When scribe processing is carried out, if the roug hness of the
main surfaces of the glass blankis 1 um or less, cutting lines can be
suitably provided by using a scriber. Note that, i nthe case wherethe
roughnessofthemainsurfacesoftheglassblanke xceedsl um,ascriber
does not follow the irregularities of the surface a nd it may become
difficult to provide cutting lines uniformly. Int his case, after the
mainsurfacesoftheglassblankaremadesmooth,s cribingisperformed.

[0128]

Next, the scribed glass undergoes shape processing . The shape
processing includes chamfering (chamfering of outer peripheral end
portionandinnerperipheralendportion). Inthe chamfering,theouter
peripheralendportionandinnerperipheralendpor tionofthering-shaped
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glass are chamfered with a diamond grinding stone.

[0129]

Next, the disk-shaped glass undergoes end surface

the end surface polishing, the inner peripheral sid
outer peripheral side end surface of the glass unde
by brushpolishing. Inthiscase,thereisuseda
particles of cerium oxide or the like as free abras
surface polishing removes contamination caused by a
orthelike and impair such as damage or flaws on o

ofthe glass. Asaresult, precipitation ofionso

and the like causing corrosion can be prevented fro

[0130]

Next, first polishing is carried out on the main s
disk-shapedglass. Thepurposeofthefirstpolish
andstrainremaininginthemainsurfaces. Amachi
by the first polishing is, for example, several
a grinding step involving a large amount of a machi
not required to be performed, flaws, strain, and th
causedbythe grinding step, are notgeneratedint
first polishing step involves a small amount ofam

[0131]

Inthefirstpolishingstepandthesecondpolishi
below, a double-side polishing apparatus is used.
polishing apparatus is an apparatus for carrying ou
polishingpadsbyrelativelymovingadisk-shapedg
pads. Thedouble-sidepolishingapparatusincludes
fitting portion having an internal gear and a sun g
rotationally driven at a predetermined rotation rat

anuppersurface plate and alower surface plate wh
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[0272][Table 1] [Table 1] Example Al Example A2 Example A3 Physical property values of glass
material used nafntmntinn nnint[r] Rcri ggn SSC

polishing. In
e end surface and
rgo mirror finish
slurryincludingfine
ive grains. Theend
ttachment of dust
rinthe end surfaces
fsodium, potassium,

m occurring.

urfaces of the
ingistoremoveflaws
ningallowanceremoved
um to about 10 um. As
ning allowance is
e like, which are
he glass. Thus, the

achining allowance.

ngstepdescribed
The double-side
t polishing with
lassandthepolishing
apolishingcarrier
ear which are each
e and alsoincludes

ich arerotationally



drivenin opposite directions to each other with th
fitting portion being sandwiched by both the plates
facing adisk-shapedglass ofthe uppersurface pla
plate,the polishingpadsdescribed beloware attac
carrier fitted so as to be engaged with each of the
the sungear performs a planetary gear motion, that
the sun gear while spinning.
[0132]
Theeachpolishingcarrierholdsapluralityofdi
Theuppersurfaceplateismovableinthevertical
eachpolishingpadontothefrontandbackmainsur
glass. Then, while a slurry (polishing liquid) con
abrasivegrains (polishingmaterial)isbeingsuppl
glassandthe polishingpad moverelativelyowning
motionofthepolishingcarrierandthephenomenon
plate andthe lower surface plate rotate in opposit
other. Asaresult,thefrontandbackmainsurfac
glassispolished. Notethat,inthefirstpolishi
polisher, for example, is used as the polishing pad
abrasive grains, for example, are used as the polis
[0133]
Next,thedisk-shapedglassafterthefirstpolish
tochemicalstrengthening. ltispossibletousea
nitrateorthelikeasachemicalstrengtheningsol
strengthening, the chemical strengthening solution
example,300°Cto400°C,andacleanedglassispre
200°Cto300°Candthenimmersedinthe chemical st
for forexample,3hourstodhours. Theimmersio

under astate in which a plurality of glasses are c
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Strain point [C] 490 490 490 Press method Horizontal direct press Horizontal direct press

e polishing carrier
. On each surface
te and lower surface
hed. Eachpolishing
internal gear and

is, revolves around

sk-shapedglasses.
directionandpresses
facesofeachdisk-shaped
taining polishing
ied,thedisk-shaped
totheplanetarygear
thattheuppersurface
edirectionsto each
esofeachdisk-shaped
ngstep,ahardresin
and cerium oxide

hing material.

ingissubjected
moltensaltofpotassium
ution. Inthechemical
is heated to, for
-heatedto,forexample,
rengthening solution
nispreferablyperformed

ontainedin aholder



Horizontal direct press Mold type Integral type Integral type Separate type Conditions for first pressing
step Temperature Tl of press-molding surface 52A immediately before first pressing step was carried
out [C]

so as to be held by their end surfaces so that both main surfaces of
each of the glasses entirely undergo chemical stren gthening.

[0134]

Each glass is immersed in the chemical strengtheni ng solution,
as described above, and as a result, sodiumionsin the surface layers
ofthe glass are substituted by potassiumions each having arelatively
largeionradiusinthe chemical strengthening solu tion, respectively,
forming a compressive stress layer with a thickness of about 50 to 200
um. Thus, the glass is strengthened and is provided with good impact
resistance. Notethat,theglasshavingundergone chemicalstrengthening
treatmentis cleaned. For example, the glassis cl eaned with sulfuric
acid and then cleaned with pure water, isopropyl al cohol (IPA), or the
like.

[0135]

Next, the glass which has undergone chemical stren gthening and
has been cleaned sufficiently is subjected to secon d polishing. A
machining allowance removed by the second polishing is, for example,

aboutl um.

[0136]

Thepurposeofthesecondpolishingistofinisht he mainsurfaces
likemirrorsurfaces. Inthesecondpolishingstep thedisk-shapedglass
is polished by using a double-side polishing appara tus asinthe first
polishingstep,butthecompositionofpolishingab rasivegrainscontained
inapolishingliquid(slurry)tobeusedandthec ompositionofapolishing
pad are differentfromthose inthe firstone. In the second polishing
step, there are used polishing abrasive grains each having a smaller
diameter and a softer polishing pad compared with t hose in the first
polishingstep. Forexample,inthesecondpolishi ngstep,asoftfoamed
resin polisher, for example, is used as the polishi ng pad, and finer
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500 500 500 Temperature T2 of press-molding surface 62A immediately before first pressing step
was carried out [C] 500 500 500 Temperature difference between press-molding surfaces(1T1-

T21)1C] O

cerium oxide abrasive grains or colloidal silica th
abrasive grainsusedinthefirstpolishing step ar
as the polishing material.

[0137]

The disk-shaped glass polished in the second polis
againcleaned. Inthecleaning,aneutraldetergen
isused. The second polishing yields a glass subst
disk having a main surface flatness of 4
amainsurfaceroughness(Ra)of0.2nmorless,fo
variouslayerssuchasamagneticlayerareformed
for a magnetic disk, and a magnetic disk is produce

[0138]

Notethat,thechemical strengthening stepiscarr
the first polishing step and the second polishing s
ofthesestepsisnotlimitedtothisorder. Aslo
step is carried out after the first polishing step,
strengtheningstepcanbearbitrarilyarranged. Fo
ofthefirstpolishing step,thesecondpolishings
strengthening step (hereinafter, referred to as "Ro
be adopted. Notethat,if Routinglisadopted, su
thatmaybeproducedbythe chemicalstrengthening
and hence more preferred is the routing of the firs
the chemical strengthening step, and the second pol

[0139]

Note that, in manufacturing a magnetic recording m

substrate, the flatness of the glass blank used in
the flatness of the produced magnetic recording med
may be caused to be substantially the same. Asaf

amagneticrecordingmediumglasssubstrate,forex
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0 0 Temperature difference within press-molding surface 52A immediately before first , ,ril- [C] 50 50
50 Temperature difference within press-molding surface 62A immediately before first pressing step
was carried out [C]

a flatness which is 10 um or less(within 10 um) has been required with
regard to a 2.5-inch glass substrate. Such flatnes s may be easily
accomplished by a glass blank produced by the metho d of manufacturing
aglassblankaccordingtothefirstembodimentof thepresentinvention.
The"flatnessoftheglassblankusedintheproces singandtheflatness

of the produced magnetic recording medium glass sub strate are
substantially the same" as used herein means that t he flatness of the
glass blankis 105% or less with the required flatn ess of the magnetic
recording medium glass substrate (magnetic disk gla ss substrate) being
100%.

[0140]

Notethat,whentheflatnessoftheglassblankus edintheprocessing
andtheflatnessoftheproducedmagneticrecording mediumglasssubstrate
are caused to be substantially the same, a step suc h as a lapping step
whichiscarriedoutwithoneofthemainpurposes thereofbeingtoimprove

the flatness may be eliminated.
[0141]

(Method of Manufacturing Magnetic Recording Medium)

A method of manufacturing a magnetic recording med ium according
to the first embodiment of the present invention is characterized in
thatamagneticrecordingmediumismanufacturedby atleastgoingthrough
amagneticrecordinglayer-forming step offorming amagneticrecording
layer on a magnetic recording medium glass substrat e produced by the
method of manufacturing a magnetic recording medium glass substrate
according to the first embodiment of the present in vention.

[0142]

Amagneticrecordingmediumisalsocalled,forex ample,amagnetic
diskoraharddisk,andissuitableforinternals torages(suchasfixed
disks) for desk top computers, server computers, no tebook computers,
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50 50 50 Conditions for fle",nr4 nrn ,, step Duration time of second pressing step 2 seconds Longer

than 2 seconds 2 seconds

mobilecomputers,andthelike,internalstoragesf
andreproducingdevicesusedforrecordingandrepr
sounds,recordingandreproducingdevicesforin-ca
the like.
[0143]
Themagneticrecordingmediummayhave forexampl
inwhichatleastanadherentlayer,anundercoatl
(magnetic recording layer), a protective layer, and
are laminated on the main surface of a magnetic rec
substrate sequentially, starting from the layer clo
ofthemagneticrecordingmediumglasssubstrate.
recording medium glass substrate is introduced into
apparatusinwhichpressureisreduced,andeachla
layer to the magnetic layeris sequentially formed
of the magnetic recording medium glass substrate in
byusingaDCmagnetronsputteringmethod. Therec
CrTiastheadherentlayer,and,forexample,CrRu

Aftertheabove-mentionedfilmformation,theprote

with C ,H, gas by using, for example, a CVD method, and then,

treatment including introducing nitrogen into the s
outinthesamechamber,therebybeingabletoform
medium. Afterthat,forexample,polyfluoropolyeth
on the protective layer by a dip coating method, th
form the lubricant layer.

[0144]

The size of the magnetic recording medium is not s

limited. Howeverthemagneticrecordingmediumgl
ofaglass material whichisexcellentinimpactre

itis suitable that the size is 2.5 inch or less wh
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Temperature of plate glass 26 when second pressing step was completed (temperature when
1-.1.---"4-%ran, " ", 495 490 495 Press pressure during the second pressing step was carried out
Always constant Always constant

portable and highly likely to be exposed to impact

[0145]
<Second Embodiment>
(MethodofManufacturingGlassBlankforMagneticR
Substrate and Manufacturing Apparatus Using the Sam

Inamethodofmanufacturingaglassblankforam
medium glass substrate (hereinafter, sometimes abbr
ofmanufacturingaglassblank™)accordingtoasec
is manufactured a glass blank for a magnetic record
substrate(hereinafter,sometimesabbreviatedas"g
through a press-molding step of press-molding a fal
gob with a first press mold and a second press mold
opposed to each other in a direction crossing a dir
molten glass gob falls.

[0146]

Here, atleastthefirstpressmoldatleastinclu
body having a press-molding surface, andaguide me
the function of maintaining a substantially fixed d
press-moldingsurfacesofthefirstpressmoldand
inthe press molding, by, when pushed to the side o
isplacedsoastobeopposedtothepress-molding
into contact with a part of the press mold which is
opposed to the press-molding surface.

[0147]

Further, the press-molding step includes afirsts
a molten glass gob into plate glass by bringing the
andthe second press mold closertogether until the
firstpressmoldandthesecondpressmoldareinc

and a second step of continuing to press, with the
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the first press mold and the second press mold, pla
guide member of the first press mold and the second
in contact with each other.

[0148]

Here,inthefirststepofthe press-moldingstep,
moldandthe second press mold are broughtclosert
the molten glass gob is press-molded with the first
secondpressmoldintoplateglass. Further,bybr
mold and the second press mold closertogether, the
firstpressmoldandthe second pressmoldarebrou
each other. Therefore, atthis pointintime, the
distance is maintained between the press-molding su
pressmoldandthesecondpressmold. Therefore,t
of the plate glass sandwiched between the press-mol
be significantly reduced. Thus, as a result, the t
of the obtained glass blank may also be significant

[0149]

However,inthestateimmediatelyafterthefirst
theplateglassisatahightemperatureandhashi
theplateglassisinaneasilydeformablestate.
press mold and the second press mold are moved away
theplateglassistakenoutimmediatelyafterthe
both the surfaces of the plate glass are supported
thus,theplateglassiseasilydeformed,whichdet
oftheproducedglassblank. Inconsequence,itis
that the state in which the guide member of the fir
the second press mold are in contact with each othe
a certain while even after the first step is comple

the surfaces of the plate glass by the press-moldin
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hickness deviation
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itisthoughtthat,whiledeformationoftheplate
by supporting both the surfaces of the plate glass
surfaces, deterioration of the flatness of the glas
suppressedbytakingoutthe plate glassafterthe
to cause the fluidity thereof to be lowered or lost
[0150]
However,theplateglassincontactwiththepress
shrinks in the process of losing heat to the press
Therefore,ifthedistancebetweenthepress-moldin
afterthefirststepiscompletedcontinuestobem
agapisformedbetweenthe press-molding surfaces
Thereforetakingtheshrinkageoftheplateglass
itisdifficultthatthepress-moldingsurfacesalw
boththe surfacesofthe plateglass. Inconsequen
in which the guide member of the first press mold a
mold are in contact with each other is maintained f
after the first step is completed, it is difficult
deformation of the plate glass.
[0151]
However,inthesecondstep,theplateglassconti
by the press mold body of the first press mold and
mold with the guide member of the first press mold
moldbeingincontactwitheachother. Morespecif
continuestobe pressedwith onlythe pressmoldbo
mold being brought closer to the press-molding surf
pressmold. Therefore,eveniftheplateglassshr
directionthereof,thepress-moldingsurfacesconti
contactwithboththesurfacesoftheplateglass,

agap, andsupportboth the surfaces of the plate g
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Strain point [C] 490 Press method Horizontal direct press Mold type Separate type Conditions for first
pressing step Temperature Ti of press-molding surface 52A immediately before first pressing step was
carried out [C] 500 Temperature T2 of press-molding surface 62A immediately before first pressing

step Wa&e%%rlrit%jdoa%(”%q)y cooling the plate glass with bo

the plate glass being always supported by the press
and taking out the plate glass after the fluidity t
orlost,deteriorationoftheflatnessoftheglass

with more reliability.

[0152]

Further, in the second step, the press-molding sur
pressmoldsformed ofsolid members havingthe heat
thanthatofgassuchasairwhichexistsinthega
continue to be in intimate contact with each other
thus, heat of the plate glass is efficiently lost t
Therefore,loweringofthefluidityoftheplategl
is more promoted compared with a case in which a ga
the press-molding surfaces and the plate glass. Th
intimeatwhichtheplateglassandthepress-mold
away from each other (at a point in time at which t
completed), the fluidity of the plate glass is furt
plate glass is in a state in which deformation ther
to occur orimpossible to occur. Therefore, also f
deformation of the plate glass after the press mold
to occur, and the flatness of the glass blank may b

[0153]

Notethat, inthe method of manufacturingaglass
tothesecondembodiment, onlythefirstpress mold
the press mold body and the guide member. In this
press mold, forexample, a press mold thatis a cyl
surface forming a press-molding surface may be used
thefirststep, the guide memberofthefirstpress

contactwiththe press-molding surface ofthe secon
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500 Temperature difference between press-molding surfaces(IT1- T2I)[C] 0 Temperature difference
within press-molding surface 52A immediately before first pressing step was carried out [C] 50
Temperature difference within press-molding surface 62A immediately before first pressing step was

carried QUELICIRQ NGRS fLRTNBIRARING RIBR

mold body of the first press mold and by the second

pressedbythepress
press mold with the
guide member of the first press mold and the press- molding surface of
thesecondpressmoldbeingincontactwitheachot her(suchapress-molding

processishereinaftersometimesreferredtoas"fi rstpressingprocess”).

[0154]

Further, in the method of manufacturing a glass bl
to the second embodiment, each of the first press m
pressmold mayatleastinclude apressmoldbodyh
surface, and aguide member having atleastthe fun
a substantially fixed distance between the press-mo
the first press mold and the second press mold in t
by, when pushed to the side of a press mold which i
beopposedtothe press-moldingsurface,beingbrou
a part of the press mold which is placed so as to b
press-molding surface. Inthis case, the first ste
bringing the first press mold and the second press
until the guide member of the first press mold and
the second press mold are broughtinto contact with
the second step is carried out by continuing to pre
mold body of the first press mold and the press mol
press mold, the plate glass with the guide member o
mold andthe guide memberofthe second press mold
eachother(suchapress-moldingprocessishereina
to as "second pressing process").

[0155]

Note that, in carrying out the second step, with r
press molds each of which at leastincludes the pre

guide member that are used both in the first pressi
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Duration time of second pressing step 2 seconds Temperature of plate glass 26 when second
pressing step was completed (temperature when taken out)[C] 495 Press pressure during the second
pressing step was carried out Reduced to 50% when temperature of plate glass 26 reached

tempergiug KBISH YYBSARE I PNEE N ANASTLADAUSH PosytResult of evalualigh, guide member

particularly preferably have the function of separa
the other press mold which is placed so as to be op
mold.

[0156]

The method of manufacturing aglassblankaccordin
embodimentmaybecarriedoutthroughanyoneofth
andthe secondpressingprocess. However, forthe
aglassblankhavingasimilarextentofthickness
from the viewpoint of shortening time necessary for
for example, to on the order of 1/3 of the first pr
isparticularly preferredthatthemethodofmanufa
according to the second embodiment be carried out t
pressingprocess. Thereasonforthisisthatthe
of press molds used become more similar to each oth
thesecondpressingprocesscomparedwiththecase
process, and thus, cooling of the plate glass locat
of molds may be carried out more symmetrically from

[0157]

The method of manufacturingaglassblankaccordin
embodiment described above is not specifically limi
least the press-molding step is included therein, b
preferred that a molten glass gob forming step be i
Further, after the press-molding step, a taking out
firstpressmoldandthesecondpressmoldawayfro
outthe plate glassiscarried out. Therespective
molten glass gob forming step and the taking out st
more detailinthe following. Notethat,inthefo

description of points already described above is om
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[0158]

-Molten Glass Gob Forming Step-

Inthemoltenglassgobformingstep,amoltengla
towhichpressmoldingiscarriedoutisproduced.
themoltenglassgobisnotspecificallylimited,b
glass gobisformed by causing molten glass to fall
and cutting a forward end portion of a molten glass
flowingoutdownwardintheverticaldirection. No
of the forward end portion of the molten glass flow
blades may be used. Further, the viscosity of the
specifically limited insofar as the viscosity is ap
cuttingoftheforwardendportionandforthepres
itispreferredthattheviscositybecontrolledto
valueinarange of 500 dPa-sto 1,050 dPa-s. Note
of the molten glass gob immediately before the pres
preferably in the above-mentioned range.

[0159]

Next, a specific example of the molten glass gob f
describedin more detail with reference tothe draw
glass gob forming step, as illustrated in FIG. 11,

120 is first caused to flow out continuously downwa
direction from a glass outlet 112 provided at the |
aglasseffluentpipell0whoseupperendportioni

glass supply source (notshown). Onthe other hand
than the glass outlet 112, a first shear blade (low

and a second shear blade (upper side blade) 140 are
sides of the molten glass flow 120, respectively, i
substantially perpendicular to a central axis D, wh

direction of the molten glass flow 120. The lower
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Physical * n,,=1.,.. of glass material used Deformation point [C] 550 Strain point [C] 490 Press
method Horizontal direct press Mold type Separate type

the upper side blade 140 move in a direction of the arrow X1 which is
perpendicular to the central axis D and which is fr om the left side to
the right side in the figure, and in a direction of the arrow X2 which
is perpendicular tothe central axis D and whichis fromtheright side
totheleftsideinthefigure,respectively,there byapproachingaforward
end portion 122 side of the molten glass flow 120 f rom both sides of
themoltenglassflow120. Notethat,theviscosit yofthemoltenglass
flow120iscontrolledbyadjustingthetemperature softhemoltenglass
effluent pipe 110 and the molten glass supply sourc e which is upstream
thereof.

[0160]

Further, the lower side blade 130 and the upper si de blade 140
havesubstantiallyplate-likebodyportions132and 1l42andbladeportions
134 and 144, respectively. The blade portions 134 and 144 are provided
on end portion sides of the body portions 132 and 1 42, respectively,
andcuttheforwardendportionl122ofthemolteng lassflowl20continuously
flowing out downward in the vertical direction from a direction
substantially perpendicular to the direction in whi ch the molten glass
flowl20fallsdown. Notethat,anuppersurfacel 34Uofthebladeportion
134andalowersurface144Bofthebladeportionl 44eachhaveasurface
substantially coincident with a horizontal plane, a nd a lower surface
134B of the blade portion 134 and an upper surface 144U of the blade
portionl44eachhaveasurfacethatisslantedso astocrossthehorizontal
plane. Further, the lower side blade 130 and the u pper side blade 140
are placed so that the upper surface 134U of the bl ade portion 134 and
the lower surface 144B ofthe blade portion 144 are substantially flush
with each other with respect to the vertical direct ion.

[0161]

Next, asillustratedin FIG. 12, the lower side bl ade 130 andthe

79



Conditions for first pressing step Temperature Ti of press-molding surface 52A immediately before first
pressing step was carried out [C] 500 Temperature T2 of press-molding surface 62A immediately
before first pressing step was carried out [C] 500 Temperature difference between press-molding

surfaceg Tejr'siTo%]t)Fa%L‘14B%%°§£%Hjl}§ou9t' ']rr?{ﬂn%eh‘é’HQHEPreSS‘mo'ding ArHREE R dgediately

before first pressing step was carrie

the upper surface 134U of the blade portion 134 and
144B of the blade portion 144 are partially overlap
withoutany gap by furthermovingthe lower side bl
side blade 140 toward the direction of the arrow X1
of the arrow X2, respectively. That s, the lower
theuppersideblade140arecausedtoperpendicula
axis D. As aresult, the lower side blade 130 and
140penetrateintothemoltenglassflow120tothe
axis Dthereof,andthe forward end portion122is
gob 124 having a substantially spherical shape. No
illustrates the moment when the forward end portion
from the body portion of the molten glass flow 120
gob 124. Further, as illustrated in FIG. 13, the m
cut from the molten glass flow 120 further falls to
in the vertical direction.

[0162]
-Press Forming Step (First Step)-

In the first step, the falling molten glass gob 12
in FIG. 13 is pressed with the first press mold and
mold which are placed so as to be opposed to each o
crossingthefallingdirectionofthemoltenglass
intoaplateshape. Here,itispreferredthatthe
the second press mold be placed so as to be opposed
adirectionsubstantially perpendiculartothefall
molten glass gob 124 so as to form an angle in ara
+ 1 degree, and it is particularly preferred that t
and the second press mold be placed so as to be opp

inadirectionperpendiculartothefallingdirecti
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otherwith respecttothe falling direction of the molten glass gob 124
in this way, it is further facilitated to press the molten glass gob

124 evenly from both sides into a plate shape.

[0163]

Further, the temperatures of the press-molding sur faces of the
firstpress mold and the second press mold immediat ely beforethefirst
stepis carried out is preferably equal to or lower than a temperature
whichis10°Chigherthanthe strainpointoftheg lassmaterial forming
the molten glass gob 124, more preferably equal to or lower than a
temperaturewhichis5°Chigherthanthestrainpoi ntoftheglassmaterial
forming the molten glass gob 124. By setting the t emperatures of the
press-moldingsurfacesintheabove-mentionedrange ,fusionbetweenthe
moltenglassgobl124andthepress-moldingsurfaces inthe pressmolding
maybesuppressedwithreliability. Thelowerlimi tofthetemperatures
of the press-molding surfaces of the first press mo Id and the second
press mold immediately before the first step is car ried out is not
specificallylimited, but,fromapracticalviewpoi nt,thatis,inorder
topreventacrackinthe glassblankduetorapid cooling ofthe molten
glass gob 124, in order to prevent significant redu ction of the
stretchability of the molten glass gob 124 duetor apidincrease ofthe
viscosity in the press molding, and the like, itis preferred that the
lower limit be equal to or higher than the strain p oint of the glass

material forming the molten glass gob 124.

[0164]

Further, the absolute value of the difference betw een the
temperature of the press-molding surface of the fir st press mold and
the temperature of the press-molding surface of the second press mold
immediatelybeforethefirststepiscarriedoutis preferablyinarange
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of0°Cto10°C,morepreferablyinarangeof0°Ct
preferably0°C. Inthiscase,thetemperaturediff

both the surfaces of the plate glass whichis forme

by pressing the molten glass gob 124 may be suppres

reliability, and as a result, the flatness may be f

[0165]

Further,theabsolutevaluesofthetemperaturedi

the press-molding surfaces of the first press mold
mold immediately before the first step is carried o
arangeof0°Cto100°C,preferablyinarangeof0
preferably 0°C. By setting the temperature distrib
press-moldingsurfacesintheabove-mentionedrange
easiertostretchevenlyandthinlythemoltenglas
molding. Asaresult,evenwhenaglassblankhavi

is manufactured, a glass blank which is excellent i

smaller thickness deviation may be more easily obta

"temperaturewithinapress-moldingsurface"means
in a largest region in which the press-molding surf
glassgob124stretchedintoaplateshapeareinc
in the press molding.
[0166]
Next,thefirststepisdescribedmorespecificall
to the drawings. First, the molten glass gob 124 i
13comesbetweenafirstpressmold150andasecon
areplacedsoastobeopposedtoeachotherinad
to the falling direction Y1 of the molten glass gob
in FIG. 14. Here, the first press mold 150 and the
160 before the press molding is carried out are pla

so as to be opposed to each other in a direction ha
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with respect to and perpendicular to the falling di
insynchronizationwiththetimingwhenthe molten

the vicinity of the central portions in the vertica
firstpressmold 150 andthe second press mold 160,
150 moves in the direction of the arrow X1 which is
the falling direction Y1 and which is from the left
sideinthe figure and the second press mold 160 mo
of the arrow X2 which is perpendicular to the falli
which is from the right side to the left side in th
topress-moldthemoltenglassgob124bypressing
that, the moving rate of the first press mold 150 i
the arrow X1 and the moving rate of the second pres
direction of the arrow X2 are set to be the same or
same.

[0167]

Here, the press molds 150 and 160 include press mo
and 162 each having a disk-like shape, respectively
154and 164 arrangedsoastosurroundthe outer pe
ofthe pressmold bodies 152 and 162, respectively.
FIG. 14 is a cross-sectional view, the guide member
drawn as being positioned on both upper and lower s
moldbodies152and162,respectively,inFIG.14.
for moving the press mold 150 in the direction of t
moving the press mold 160 in the direction of the a
in the figures.

[0168]

One surface of each of the press mold bodies 152 a
asapress-moldingsurface152Aor162A. Further,

press mold 150 and the second press mold 160 are ar
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the firstpress mold
perpendicular to
side to the right
vesinthe direction
ng direction Y1 and
e figure in order
frombothsides. Note
n the direction of
s mold 160 in the

substantially the

Id bodies 152
,and guide members
ripheralendsofeach
Note that, because
s 154 and 164 are
ides of the press
Further,drivemembers
he arrow X1 and for

rrow X2 are omitted

nd 162 serves
inFIG. 14, thefirst

ranged so that the



Press method Horizontal direct press Mold type Separate type Conditions for first pressing step
Temperature Tl of press-molding surface 52A immediately before first pressing step was carried out
[00] 500 Temperature T2 of press-molding surface 62A immediately before first pressing step was

carried gut [G1 200 o SMPSIAHES HHSRIRG PEINSELRIESS-molding suraces(Eliiner, the

guidememberl54isprovidedwithaguidesurfacel
soastoprojectslightlywithrespecttothepress

in the X1 direction, and the guide member 164 is pr
surface 164A,whichispositionedsoastoproject
tothe press-molding surface 162Ainthe X2 directi
surfacel54Aandtheguidesurfacel64Acomeintoc

at the time of press molding, and hence a gap is fo

press-molding surface 152A and the press-molding su

thethicknessofthegapcorrespondstothethickne

gob 124 moldedsoastohaveaplate shape bybeing
the first press mold 150 and the second press mold
thickness of a glass blank. Further, the press-mol
and 162A are formed so that, when the first step is
themoltenglassgobl24iscompletelyextendedby
direction and is molded into a plate glass between
surface 152A of the first press mold 150 and the pr
162Aofthesecondpressmoldl60,atleastregions
regions) S1 and S2 in contact with the above-mentio
thepress-moldingsurfacesl52Aandl62Aformasub
Note that, inthe exampleillustratedin FIG. 14, t
press-moldingsurface 152Aincludingthe moltengla
S1 and the whole part of the press-molding surface
molten glass stretching region S2 each are a usual
curvature is substantially zero. Further, the flat
minuteirregularitieswhichareformedwhenusualf
usual mirror polishing processing, or the like is a

of manufacturing press molds, but does not have con

concave portions larger than the minute irregularit
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54A,whichispositioned
-moldingsurface 152A
ovided with a guide
slightlywithrespect
on. Then,the guide
ontactwitheachother
rmed between the
rface 162A. Thus,
ssofthemoltenglass
press-molded between
160, that is, the
ding surfaces 152A
carried out so that
pressureinthevertical
the press-molding
ess-molding surface
(moltenglassstretching
ned plate glass in
stantiallyflatsurface.
he whole part of the
ssstretchingregion
162A including the
flat surface whose
surface has only
latteningprocessing,
pplied at the time
vex portions and/or

ies.



T21)[C] 0 Temperature difference within press-molding surface 52A immediately before first pressing
step was carried out [CC] 50 Temperature difference within press-molding surface 62A immediately
before first pressing step was carried out [C] 50 Conditions for second pressing step Duration time of
second pressin@ fé%ﬁ’ 2 seconds

The glassblankis manufactured by press moldingt he moltenglass
gob 124 by pressure between the press-molding surfa ces 152A and 162A.
Thus, the surfaceroughness ofthe press-molding su rfaces 152Aand 162A
andthe surface roughness of the main surface ofth eglassblankbecome
substantially the same. The surface roughness (cen tral line average
roughnessRa)ofthemainsurfaceoftheglassblan kisdesirablycontrolled
to the range of 0.01 to 10 um in view of performing scribe processing
and grinding processing using a diamond sheet that are carried out as
thepostprocessestobedescribedbelow,andhence thesurfaceroughness
(central line average roughness Ra) of the press-mo Iding surfaces is
also preferably controlled to the range of 0.01 to 10 um.

[0170]

The molten glass gob 124 illustrated in FIG. 14 fa lls further
downward and enters the space between the two press -molding surfaces
152A and 162A. Then, as illustrated in FIG. 15, at the time when the
moltenglassgob 124 reachesthe vicinity of the al most central portion
in the vertical direction of the press-molding surf aces 152A and 162A
parallel to the falling direction Y1, both side sur faces of the molten
glass gob 124 are broughtinto contact with the pre ss-molding surfaces
152A and 162A. Here, itis preferred that, as illu strated in FIG. 15,
the press-molding surface 152A and the press-moldin g surface 162A be
broughtinto contact with the molten glass gob 124 substantially atthe
sametime. "Be broughtinto contact substantially atthe sametime" as
used herein means that the absolute value of the te mporal difference
between a point in time at which the molten glass g ob and one of the
press-molding surfaces are brought into contact wit h each other and a
pointintimeatwhichthemoltenglassgobandthe otherofthepress-molding
surfacesare broughtintocontactwitheachotheri s0.1secondorless.
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Temperature of plate glass 26 when second pressing step was completed (temperature when taken
out)[C] 495 Press pressure during the second pressing step was narripH nit Reduced to 50% when
temperature of plate glass 26 reached temperature which was 40C higher than defromation point

Result qfheevgl,tg%tfg{g l\__ll'ﬂmeegﬂﬂg]lénporal difference is mo

secondorless,mostpreferablyOseconds(atthes
forthe sake ofreference, inthe vertical directp

the molten glass gob to, after being brought into ¢
press-molding surface of the lower mold, be brought
the press-molding surface of the upper mold is gene
of 1.5 seconds to 3 seconds, depending on the condi
molding.

[0171]

Further, it is preferred that, as illustrated in F
press-moldingsurfacel52Aandthepress-moldingsu
into contact with the molten glass gob 124 substant
time, and, at least during the period in which the
is carried out, the temperature of the press-moldin
thefirstpressmold150andthetemperatureofthe
162Aofthesecond pressmold 160 be substantially
boththe surfaces ofthe moltenglassgob 124 which
aplateshapeinthefirststep and boththe surfac
sandwiched between the pair of press molds 150 and
step are continued to be cooled always symmetricall
comparedwithacaseoftheverticaldirectpressi
gobinastateofhavingaviscositydistributiond
with a lower mold is press-molded, almost no temper
caused between both the surfaces of the plate glass
press-molded,andthus,deteriorationoftheflatne
difference between both the surfaces may be suppres
reliability.

[0172]

"Substantially the same" as used herein means that
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after being
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the absolute



value of the difference between the temperature of
surface 152A of the first press mold 150 and the te
press-moldingsurface 162A ofthe secondpress mold
The absolute value ofthetemperature differenceis
orless,mostpreferably0°C. Notethat,whenate
exists within the press-molding surface 152A or 162
of the press-molding surface” means the temperature
acentralportionofthe press-moldingsurface. No
of reference, in the vertical direct press, the abs
differencebetweenthetemperatureofapress-moldi
moldandthetemperature ofapress-moldingsurface
a molten glass gob is being press-molded is general
50°C to 100°C, depending on the conditions of the p
[0173]
Here, inadditional consideration of the viewpoint
the situation that press molding becomes difficult
of the increase of the viscosity of a falling molte
the situation that the position of press fluctuates
excessively high falling speed, the falling distanc
selected from the range of 1,000 mm or less, more p
from the range of 500 mm or less, still more prefer
the range of 300 mm or less, most preferably select
of 200 mm or less. Note that, the lower limit of t
isnotparticularlylimited,butispreferably100
use. Note that, the term "falling distance" means
position at the moment when the forward end portion
asthemoltenglassgobl24asillustratedinFIG.
atwhichthelowersidebladel30andtheuppersid

in the vertical direction, to the position at the t
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Crack H Productivity H [Table 2-continued No.11 Example A7 Physical property values of glass
material used Deformation point [CC]

the press-molding
mperature of the
160is10°Corless.
more preferably 5°C
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ngsurfaceofanupper
ofalowermoldwhen
ly on the order of

ress molding.

of preventing
tocarryoutbecause
n glass gob 124 or
because of an
e is preferably
referably selected
ably selected from
ed from the range
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mmormoreforpractical
a distance from the
122 is separated
12,thatis,theposition
ebladel40areoverlapped

ime of the start of



550 Strain point [C] 490 Press method Horizontal direct press Mold type Separate type Conditions for
first pressing step Temperature Tl of press-molding surface 52A immediately before first pressing step
was carried out [C] 500

the press molding (the moment of the start of the p
illustratedinFI1G.15,thatis,thevicinityofth
in the diameter direction of the press-molding surf
parallel to the falling direction Y1.

[0174]

After that, as illustrated in FIG. 16, when the mo
124 is continuously pressed from its both sides wit
moldl50andthesecondpressmold160,themolten
by pressure so as to have a uniform thickness aroun
which the molten glass gob 124 and each of the pres
152Aand 162Afirstcomeintocontact. Then, asil
the molten glass gob 124 is continuously pressed wi
mold 150 and the second press mold 160 until the gu
the guide surface 164A come into contact, thereby b
disk-shaped or disk-like plate glass 126 between th
surfaces 152A and 162A.

[0175]

Here,theplateglass126illustratedinFIG.17h
the same shape and thickness as the glass blank to
Further, the size and shape of both surfaces of the
the same size and shape of the molten glass stretch
S2 (not shown in FIG. 17). Further, the time taken
the time of the start of the press moldingillustra
a state in which the guide surface 154A and the gui
into contact with each other as illustrated in FIG.
sometimesreferredtoas"press moldingtime")isp
or less from the viewpoint of forming the molten gl
plate glass. Moreover, because a stateinwhichth

andtheguidesurfacel64Acomeintocontactwithe
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Temperature T2 of press-molding surface 62A immediately before first pressing step was carried out
[C] 500 Temperature difference between press-molding surfaces(1T1- T21)[C] 0 Temperature
difference within press-molding surface 52A immediately before first pressing step was carried out

% . Wit king . . p :
[CCT 50, {RmpeLats %%ﬁ{b‘?ﬁ WiUNPR SRR LRgIYpg surface 62A immediatglygiorg st pressing

step was carried out

statebetweenthepress-moldingsurfacel52Aandth
162A. Note that, the lower limit of the press mold
particularly limited, however, itis preferably 0.0
practical use.

[0176]

Note that, as illustrated in FIG. 14 to FIG. 17, t
150 has the press mold body 152 and the guide membe
mold 160 has a similar structure. Here, in the fir
moldbody152andtheguide member154moveinthe
X1 atthe same time and integrally, and the pressm
guide member 164 move in the direction of the arrow
and integrally.

[0177]

Further, the press molds 150 and 160 have the guid
and164,respectively,andthus,whentheguide mem
member 164 are in contact with each other as illust
the press-molding surface 152A and the press-moldin
held in parallel with each other. Therefore, even
the press-molding surface 152A and the press-moldin
in parallel with each other cannot be held in the p
pressmold 150 movesinthe direction ofthe arrow
160 moves in the direction of the arrow X2 as illus
to FIG. 16, it is easy to significantly reduce a th
in the obtained glass blank. In consequence, a dri
pressmolds150and160isnotrequiredtohavesop
abilitytocontrolthe press-molding surface 152A a
surface 162Atobe alwaysheldinaprecisely paral

of process illustrated in FIG. 14 to FIG. 17.
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Conditions for second pressing step Duration time of second pressing step 2 seconds Temperature of
plate glass 26 when second pressing step was completed (temperature when taken out)[C] 495 Press
pressure during the second pressing step was narrigdnilf Reduced to 50% when temperature of plate
glass 26 reach%ilt%]]perature which was 40C

-Press-Molding Step (Second Step)-

Inthesecondstep, asillustratedinFIG.17,the
152 ofthe first press mold 150is drivensoasto
of the arrow X1 and the press mold body 162 of the
160 is driven so as to move in the direction of the
state in which the guide member 154 of the first pr
guide member 164 of the second press mold 160 are b
witheachother. Thiscausestheplateglass126t
by the press mold bodies 152 and 162.

[0179]

Note that, the plate glass 126 immediately after t
iscompletedisatahightemperatureandhashigh
Morespecifically,the plateglassisinaquiteea
andinastateinwhichtheflatnessthereofislia
Therefore,ifthesecondstepiscompletedwhenthe
glass126doesnotprogressmuchwiththehighflui
the plate glass 126 may be deformed after the secon
to deteriorate the flatness of the glass blank. In
preferred that the second step be continued until t
the plate glass 126 is at least equal to or lower t
whichis10°Chigherthanthe strainpointoftheg
the plate glass 126. More specifically, itis pref
glass126continuetobepressedbythepressmold
mold body 162 until the temperature of the plate gl
orlowerthanthetemperaturewhichis10°Chigher
oftheglassmaterialformingtheplateglass126w
immediately after the first step is completed illus

Inthiscase,theplateglassl126continuestobep
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pressmoldbody
move inthe direction
second press mold
arrow X2 under the
ess mold 150 and the
rought into contact

ocontinuetobepressed

he first step
fluidity(lowviscosity).
silydeformable state
bletobedeteriorated.
coolingofthe plate
ditystatebeingheld,
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consequence, itis
he temperature of
han a temperature
lassmaterialforming
erred thatthe plate
body152andthepress
ass 126 is equal to
thanthe strainpoint
hileholdingthestate
trated in FIG. 17.

resseduntilthecooling



oftheplateglassl126sufficientlyprogressesand
a range in which the fluidity thereof is lost and d
becomes impossible in effect. More specifically, t
may be solidified while holding a state in which th
plate glass 126 immediately after the first step is
suppressed. In consequence, the flatness of the pr
may be improved.
[0180]
Here,thedurationtimeofthesecondstepispref
sothatthe flatness of the glass blankis 10
more preferably controlled so that the flatness of
4 umorless(within10

step is short, strain due to disturbance is caused

126 in the process of being cooled, and the strain

deterioration of the flatness of the glass blank.
preferredthattheglassblankbemanufacturedina
timeofthesecondstepischangedandtheflatness
blank is measured, and based on the result, the dur
second step is setsothatthe flatnessis 10
However, if the duration time of the second step is
productivityisreduced. Itfollowsthatthedurat
step should be set taking into consideration the fl
blankandthe productivity. Fromtheseviewpoints,
preferred that the duration time of the second step
2 to 40 seconds, and be in a range of 2 to 30 secon
[0181]
Further, in order to control the flatness of the g
be 10 um orless(within 10

preferredthatthe duration time of the second step
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lower than defromation point Result of evaluation Flatness[pm] 4 Crack H Productivity H [Table
2-continued No.2]

thetemperaturereaches

eformation thereof

he plate glass 126

e deformation of the
completed is

oduced glass blank

erablycontrolled
um or less(within 10 um),

the glass blank is

um). Notethat,ifthedurationtimeofthesecond

in the plate glass
facilitates
Therefore, it is
mannerthattheduration
oftheobtainedglass
ation time of the
um or less(within 10 pm).
too long, the
iontimeofthesecond
atness of the glass
specifically,itis
be in a range of

ds.

lass blank to

um), in the second step, itis particularly

be selected so that



the plate glass continues to be pressed until the t
arangeinwhichthefluidity ofthe plate glassis
thereofbecomesimpossibleineffect. Inthiscase
may be solidified while holding a state in which th
plate glass 126 immediately after the first step is
suppressed. In consequence, the flatness of the pr
maybeimproved. Here,thedurationtimeofthese
selectedsothatthetemperature ofthe plate glass
iscompletedisequaltoorlowerthanatemperatur
than the strain point of the glass material forming
more preferably selected so that the temperature is
thanatemperaturewhichis5°Chigherthanthe str
preferably selected so that the temperature is equa
the strainpoint. Ontheotherhand,thelowerlim
ofthe plateglasswhenthe secondstepiscomplete
limited, but, from the viewpoint of suppressing red
productivityduetoprolongedtimenecessaryforca
step, practically, itis preferred that the lower |
higherthanthestrainpoint. Therefore,itispre
limit of the duration time of the second step be se
viewpoint.

[0182]

Note that, during a period from immediately after
the first step at which the press-molding surfaces
the molten glass gob 124 are brought into contact w
a point in time when the second step is completed,
the glass located between the press-molding surface
press-moldingsurface 162A (themoltenglassgob 12

126)isgenerally significantly lowered fromonthe
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Example A8 Physical property values of glass material used Deformation point [C] 550 Strain point [C]
490 Press method Horizontal direct press Mold type Separate type
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e deformation of the
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Conditions for first pressing step Temperature Ti of press-molding surface 52A immediately before first
pressing step was carried out [C] 500 Temperature T2 of press-molding surface 62A immediately
before first pressing step was carried out [C] 500 Temperature difference between press-molding

thepressmolding. Inconsequence,intheseconds

is significantly loweredinthisway, heatshrinkag

126 in the diameter direction progresses. The heat

more conspicuous when the second step continues unt

oftheplateglassl126reachesalowertemperature

atemperature range which is equal to or lower than

is 10°C higher than the strain point of the glass m

plateglass126. Ontheotherhand,inthesecond

surfaces 152A and 162A which are in contact with bo

the plate glass 126 are thoughtto continue to abso

glass126tothermallyexpandinanin-planedirect

absorptionofenoughheatfromtheplateglass126,

in the in-plane direction or turn to mild heat shri
[0183]
Morespecifically,inthesecondstep,adifferenc

theextentofthethermalexpansion/heatshrinkag

of the plate glass 126 and that of the press-moldin

162A. Therefore, in the second step, force to exte

directionoftheplateglass126,thatis,forcein

to the heat shrinkage acts on both the surfaces of

which is undergoing the heat shrinkage by the press

152A and 162A. However, in the second step, the fl

glass 126 is significantly lowered as the second st

thus, ifexcessive stress actsonthe plate glass 1

in the plate glass 126 is liable to occur. Therefo

the direction opposite to the heat shrinkage always

on both the surfaces of the plate glass 126, excess

the plate glass 126 in the in-plane direction, whic
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50 Temperature difference within press-molding surface 62A immediately before first pressing step
was carried out [C] 50 Conditions for second pressing step Duration time of second pressing step 2
seconds Temperature of plate glass 26 when second pressing step was completed (temperature

when t%%l?m)[ﬁ% %?Qe glass 126.

[0184]

In order to prevent such a crack in the plate glas
use as a material forming the press molds 150 and 1
thethermalexpansion coefficientsimilartothato
forming the plate glass 126, and in addition, (2) i
to carry out cooling with the temperature of the pl
the temperatures of the press-molding surfaces 152A
synchronized with each other are thought of. Howev
involvesthesignificanttemperaturechange,andth
out the above-mentioned cooling, it is necessary to
speedtobeverylow. However,inthiscase,time
out the second step significantly increases, and th
possibility thatthe mass productivity is lowered s
is not practical.

[0185]

Taking into consideration the points described abo
to prevent a crack in the plate glass 26 in the sec
reliability, itis preferred that, inthe second st
bereducedwithtime. Inthiscase,reductionoft
friction coefficients between both the surfaces of
andthepress-moldingsurfaces152Aand162A,respe
slippage occurs between both the surfaces of the pl
thepress-moldingsurfaces152Aand162A respectiv
interruptionofforcewhichactsonboththe surfac
126inthe oppositedirectiontothe heatshrinkage
of a crack. The phrase "press pressure is reduced
hereinincludes, inthe second step, notonly acas

pressureisreducedwithtimebutalsoacaseinwh
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fthe glass material
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pressureistemporarilyincreased or maintains afi
when change in press pressure with time is approxim
equation, the slope thereof is negative. Further,
may be reduced stepwise with time, or may be reduce
time.

[0186]

Note that,whenthe presspressureisreducedstep
the press pressure is preferably reduced when the t
plateglassl26sandwichedbetweenthefirstpress
pressmold160isloweredtoarange of +30°Cfrom
of the glass material forming the plate glass 126.
effective suppressionofacrackinthe plate glass
simple controlofthe presspressure. Notethat,i
viewpoint of accomplishing in balance both the supp
in the plate glass 126 with reliability and the sup
deterioration of the flatness, the press pressure i
range of on the order of 1% to 10% after the reduct
the reduction being 100%.

[0187]
-Taking Out Step-

Afterthesecondstepiscarriedout,thetakingo
outinwhich the first press mold 150 and the secon
moved away from each other and the plate glass 126
the first press mold 150 and the second press mold
The taking out step may be carried out as, for exam
the following. First, asillustrated in FIG. 18, t
150 is moved in the direction of the arrow X2 and t
160 is moved in the direction of the arrow X1 so th

mold 150 and the second press mold 160 are moved aw
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Press pressure during the second pressing step was carried out Reduced to 50% when temperature of
plate glass 26 reached defromation point Result of evaluation Flatness[pm] 4 Crack A Productivity
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B [Table 2-continued No.3] Example A9 Comparative Example Al Comparative Example A2 Physical

property values of glass material used Deformation point [C] 550

Thisreleases the press-molding surface 162A from t
Next, as illustrated in FIG. 19, the plate glass 12
the press-molding surface 152A, and the plate glass
falltothe downward Y1 sideinthevertical direct
Note that, when the plate glass 126 is released fro
surface 152A, by applying force from an outer perip
the plate glass 126, the plate glass 126 may be rel
glass126isstrippedoff. Inthiscase,theplate
outwithoutapplying greatforce thereto. Note tha
plateglass126,theplateglassli26mayberelease
surfacel62Aaftertheplateglassl126isreleased
surfacel52A. Finally,theplateglass126whichi
as necessary to reduce or remove strain thereon, an
fromwhichthemagneticrecordingmediumglasssubs
is, the glass blank, is obtained.

[0188]

-Glass Blank-

With regard to the glass blank obtained by the met

manufacturingaglassblankaccordingtothesecond
above,theflatnessmaybecausedtobe,forexampl

10 um), anditis extremely easy to even cause the flat
or less(within 4
shortening downstream steps such as a lapping step
out mainly for the purpose of improving the flatnes

preferably 4 um or less(within 4

um).
[0189]
Note that, the method of manufacturing a glass bla

to the second embodiment is also suitable for manuf

glassblankhavinggoodflatness. Specifically,th
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126 is caused to
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heral direction of
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d a base material
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e,10 umorless(within

nessto be 4 um

um). Note that, from the viewpoint of eliminating o r
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s, the flatness is

nk according
acturing a thinner

emethodissuitable



for manufacturing a glass blank having a thickness
aflatnessofl0 umoress(withinl0
1.5mmorless,stillmorepreferablyl.2mmorles
1.0 mm or less.

[0190]

-Press Mold-

The press mold 150 used in the method of manufactu

blank according to the second embodiment includes a

mold body 152 and the guide member 154. The press
leastthe press mold body 162 and the guide member
structure as that of the press mold 150. In the fo
mold 150 is described as an example. First, inthe
pressmoldbodyl52andtheguidememberl54arefo
Therefore,inthefirststep,thepressmoldbodyl

154 may be integrally driven soasto be pushedto
mold 160whichisplacedtobe opposedthereto, and
onlythe press mold body 152 may be drivenso asto
with respect to the guide member 154 to the side of
whichisplacedtobeopposedthereto. Thepressm
andfunctionasdescribed above, and hence, the thi
the flatness of the glass blank may be reduced more

[0191]

Note that, if attention is given only to reducing
deviation, a press mold in which the press mold bod
member 154 are integrally formed may be used. Howe
of this type, itis not possible to drive only the
so as to be relatively pushed with respect to the g
the side of the press mold 160 which is placed to b

Therefore,evenif,afterthefirststepiscomplet
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of 2 mm or less and

um). Thethicknessismorepreferably

s,yetmorepreferably

ring a glass
t least the press
mold 160 includes at
164,and hasthe same
llowing, the press
press mold 150, the
rmedasseparatemembers.
52andtheguidemember
the side of the press
,inthe second step,
berelatively pushed
the press mold 160
old150hasthestructure

cknessdeviation and

the thickness
y 152 and the guide
ver,inapress mold
press mold body 152
uide member 154 to
e opposed thereto.

ed,thestateinwhich



the guide member 154 and the guide member 164 are i
otheris continued, both the surfaces of the plate
supported by bringing the press-molding surfaces 15
intointimatecontacttherewithwithoutagap. In

blank is liable to deteriorate in flatness.

[0192]

Further, if attention is given only to reducing th
pressmoldwhichdoesnotincludetheguidemember
mold) maybeused. Withapressmoldofthistype,
glassgobl124ispress-moldedintotheplateglass
of the plate glass 126 may be supported by bringing
surfaces 152A and 162A always into intimate contact
a gap. However, the guide members 154 and 164 do n
unless the press mold is driven extremely precisely
to carry out the press molding with the press-moldi
the press-molding surface 162A being held precisely
each other. Therefore, the glass blank is liable t
thickness deviation.

[0193]

Taking into consideration the points described abo
mold 150 (and the press mold 160) including at leas
154 and the press mold body 152 which are formed as
is extremely advantageous in that both the thicknes
flatness of the glass blank may be improved in a ba

[0194]

Itispreferredtouseametaloranalloyasama
eachofthepressmolds150and160inviewofheat
anddurability. Inthiscase,inviewofthetempe

the heat resistant temperature of the metal or allo
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Conditions for first pressing step Temperature Ti of press-molding surface 52A immediately before first
pressing step was carried out [C] 500 500 500 Temperature T2 of press-molding surface 62A
immediately before first pressing step was carried out [C] 500 500 500 Temperature difference

between fresas00lgIn% SHRGES s referablyr 000

1,100°Cormore. Specificexamples ofthe material
the press molds 150 and 160 preferably include ferr
(FCD),alloytoolsteel(suchasSKD61),high-speed
carbide,Colmonoy,andStellite. Notethat,itmay
thepressmoldingbycoolingthepressmolds150an
medium such as water or air so that the temperature
150 and 160 do not rise. Further, for the purpose
temperaturedistributionwithinthepress-moldings

to be uniform, the cooling medium may be used to co
the central portions ofthe press-molding surfaces
aheatingmembersuchasaheatermaybeplacedon

of the press molds 150 and 160 to heat the outer ed
press-molding surfaces 152A and 162A.

[0195]

Further, regions (molten glass stretching regions
contactwith atleastthe plate glass 126 of the pr
152Aand 162A ofthefirstpressmold 150 and the s
respectively, may be surfaces having formed thereon
irregular portion as, for example, a convex portion
surfaces of the glass blank a V-shaped groove or th
depthontheorderof1/3to1/4 ofthethicknesst
itis preferred that the regions be substantially f
that, the whole of the press-molding surfaces 152A
substantially flat surfaces. A reason for this is
V-shaped groove is formed in the glass blank, a cra
assumedtobeduetostressconcentrationonthe V-
isliabletobecaused. Inadditiontothis,when

portionisformedinthe moltenglassstretchingre
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shrinkage ofthe plateglass 126inthediameterdi
stepisprevented. Therefore,excessivestressis
glass 126 in the in-plane direction, which causes t
to be liable to be cracked.

[0196]

Here,theterm"substantiallyflatsurface"noton
flat surface whose curvature is substantially zero,
surfacehavingsuchaverysmallcurvaturethatas
oraslightlyconcavesurfaceisformed. Further,
forthe"substantiallyflatsurface"tohaveminute
are formed when usual flattening processing, usual
processing, or the like is applied at the time of m
molds, and it is also acceptable for the " substant
"tohaveconvexportionsand/orconcave portions|
irregularities, if necessary.

[0197]

Here,itisallowedforthe convexportionlarger
irregularity to include a substantially point-shape
and/or a substantially linear-shaped convex portion
a height of 20
bringing about the deterioration of flow resistance
partialcoolingofamoltenglassgob. Notethat,
10 um orless, more preferably 5
portionlargerthantheminuteirregularityisatr
portion having a minimum width in top surface on th
millimeters or more, or adome-shaped convex portio

same height and size as the trapezoid-shaped convex

the substantially point-shaped convex portion and s

linear-shaped convex portion, the above-mentioned ¢
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um or less. Further, when the convex

apezoid-shapedconvex
e order of several
n having nearly the
portioninstead of
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Temperature difference within press-molding surface 62A immediately before first pressing step was
carried out [C] 50 50 50 Conditions for second pressing step Duration time of second pressing step
Longer than 2 seconds Shorter than 2 seconds

about the deterioration of flow resistance and prom oting the partial
coolingofamoltenglassgobbecomessmaller,and hencetheconvexportion
is allowed to have a height of 50 um or less. Note that, the heightis
preferably 30 umorless, more preferably 10 pmorless. Further, from
the viewpoint of suppressing the occurrence of a cr ack due to stress
concentration at the intersection part between the bottom surface and
a side surface of the trapezoid-shaped convex porti on, itis preferred
that the side surface of the trapezoid-shaped conve X portion be a flat
surface having an angle of slope of 0.5° or less wi th respect to the
topsurface,orbeacurvedsurfacecreatedbymodi fyingtheflatsurface

to a concave surface. Note that, the angle is more preferably 0.1° or
less.

[0198]

Further, it is allowed for the concave portion lar ger than the
minute irregularity to include a substantially poin t-shaped concave
portionand/orasubstantiallylinear-shapedconcav eportioneachhaving
adepth of 20 umorless,inorderthat, for example, the deterior ation
of the flowability of molten glass flowing into the concave portion at
the time of press molding is not brought about. No te that, the depth
ispreferably 10 pmorless,morepreferably5 pmorless. Further,when
the concave portion larger than the minute irregula rity is aninverted
trapezoid-shaped concave portion having a minimum w idth in top surface
ontheorderofseveral millimeters ormore, or an inverted dome-shaped
concave portion having nearly the same depth and si ze as the inverted
trapezoid-shaped concave portion instead of the sub stantially
point-shaped concave portion and substantially line ar-shaped concave
portion,theabove-mentionedchanceofbringingabo utthedeterioration
of the flowability becomes smaller, and hence the ¢ oncave portion is
allowedtohaveadepthof50 umorless. Notethat,thedepthispreferably
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pressing step was not carried out Temps,"=*-ra ~c plate glass 26 when second pressing step was
completed (temperature when taken out)[C] 485 Second 520 Press pressure during the second

pressing step was carried out

30 umorless,morepreferablyl10
of suppressing the occurrence of a crack due to str
at the intersection part between the bottom surface
of the trapezoid-shaped convex portion, it is prefe
surface ofthetrapezoid-shapedconvexportionbe a
an angle of slope of 0.5° or less with respecttot
orbeacurvedsurfacecreatedbymodifyingthefla
surface. Note that, the angle is more preferably 0
[0199]
Note that, as illustrated in FIG. 14 to FIG. 19, t
structureofthepressmold150(andthepressmold
limited insofar as the press mold 150 includes at |
body 152 andthe guide member 154 andthe first ste
may be carried out. However, it is preferred that
further include, in addition to the press mold body
member 154, a first pushing member and a second pus
the first pushing member has atleastthe function
mold body 152 and the guide member 154 at the same
perpendicular to the press-molding surface 152A and
pressmold160whichisplacedtobeopposedtothe
152A. Thesecondpushingmemberhasatleastthef
guide member 154 and a part of the press mold 160 (
whichisplacedtobeopposedtothepress-molding
into contact with each other by the first pushing m
pressmoldbody 152inthedirection perpendicular
surface 152A and to the side of the press mold 160
be opposed to the press-molding surface 152A.
[0200]

FIG.20isaschematicsectionalviewforillustra
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Always constant Always constant Result of evaluation Flatness[pm] 3 11 20 Crack

of the press mold used inthe method of manufacturi ng aglass blank for

a magnetic recording medium glass substrate accordi ng to the second
embodiment, and more specifically, a view forillus trating one example
ofthe more specific structures ofthe press molds 150and 160. InFIG.
20, like reference numerals are used to designate m embers similar to
those illustrated in FIG. 14 to FIG. 19. Further, a press mold 150S
illustrated in FIG. 20 is a corresponding to the pr ess mold 150, but
asimilarstructuremaybeadoptedinthepressmol d160. Here,aprincipal
partof the press mold 150S includes the press mold body 152, the guide
member 154, afirstpushingmember156,andasecon dpushingmember158.
Central axes of the members are coincident (dot-and -dash line Xin the
figure), and the central axes are substantially coi ncident with the

horizontal direction.

[0201]

Here, the press mold body 152 is formed of a circu lar cylinder
having one end surface that forms the circular pres s-molding surface
152A. Notethat,theshapeofthepressmoldbody 152isacircularcylinder
intheexampleillustratedin FIG. 20, butthe shap eisnotspecifically
limited insofarasthe shapeis substantially colum nar. Inthe example
illustratedinF1G.20,thepress-moldingsurfacel 52Aisasubstantially

flat surface.

[0202]

The guide member 154 is a hollow circular cylinder , which has a
length in an axial direction X that is longer than the length in the
axialdirectionXofthepressmoldbody152which isacircularcylinder,
which houses the press mold body 152 in an inner pe ripheral side, and
whichhasoneendsurface(guidesurfacel54A)that isbroughtintocontact
with the guide member of the other press mold (not showninthe figure)
whenpushedbythefirstpushingmember156. Here, thedifferencebetween
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A B A Productivity C B A [0274][Table 3] Comparative

the length of the guide member 154 and the lengtho
152intheaxialdirectionX,inotherwords,ahei
the guide surface 154A and the press-molding surfac
direction X, corresponds to a length which is appro
the thickness of the glass blank to be produced. N
of the guide member 154 is a hollow circular cylind
is not specifically limited insofar as the shape is
[0203]
Thefirstpushingmemberl56isformedofadisk-I
onesurface(pushingsurface156A)ofthedisk-like
156 is a flat surface which is in contact with the
(pushed surface 152B) of the press mold body 152 an
surface(pushedsurfacel54B)oftheguidememberl
holel56Hwhichpassesthroughthefirstpushingme
directionisprovidedinapartofaregionwhichi
surface152Bofthepressmoldbody152. Notethat
is opposite to the pushing surface 156A is connecte

(not shown). Therefore, in the press molding, by t

press mold body 152 and the guide member 154 may be

timeviathefirstpushingmemberl56intheaxial

in the figure from the side on which the first push
placedtothe side onwhichthe pressmold body 152
154 are placed.

[0204]

Note that, in the example illustrated in FIG. 20,

thefirstpushingmember156isadisk,butthesha
limitedinsofarasthe shapeissubstantially plate
through hole 156H is provided as a hole having aci

thecentralaxisXofthepressmoldbody152andt
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fthe press mold body
ghtdifferenceHbetween
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ote that, the shape
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54. Further,athrough
mberl56inthethickness
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,asurface156Bwhich
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he first drive, the
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direction-Xillustrated
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andthe guide member
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-like. Further,the
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156, but an arbitrary number of the through holes 1
at arbitrary positions in the first pushing member
positions are in a part of the region which is oppo
surfacel52Bofthepressmoldbodyl152. Further,
ofthethroughholel56Hmaybeappropriatelyselec
itis particularly preferred that the through hole(

so as to have point symmetry with respect to the ce
press mold body 152.

[0205]

Thesecondpushingmember158isformedofarod-I|

is placed within the through hole 156H and is conne
surface 152B side of the press mold body 152. Note
thesecondpushingmemberl58isacircularcylindr

illustratedinF1G.20,buttheshapeisnotspecif

as the second pushing member 158 may move the press

the X axis direction. Note that, an end of the sec

158 whichis oppositetoanendthereofconnectedt
152Bsideisconnectedtoaseconddrive (notshown
press molding, by the second drive, only the press

be pushed via the second pushing member 158 along t
X fromthe side on which the second pushing member
side on which the press mold body 152 is placed.

[0206]

Note that, in the press molding, in order to facil
uniform stretch of the molten glass gob 124, it is
temperature distribution within the press-molding s
controllabletobeuniform. Inordertoattainthi
forheatingthevicinityofanouteredgesideoft

152A may be provided, and/or (2) a flow path throug
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56H may be provided
156 insofar as the
sed to the pushed
theshapeoftheopening
tedaswell. However,
s) 156H be provided

ntral axis X of the

ikememberwhich
cted to the pushed
that, the shape of
icalrodintheexample
icallylimitedinsofar
mold body 152 in
ond pushing member
othe pushed surface
). Therefore,inthe
mold body 152 may
he axial direction

158 is placed tothe

itate thin and

preferred that the
urface 152A be

s,(1)aheatingmember

hepress-moldingsurface

h which a cooling



490 490 490 Press method Vertical directVertical press press directVertical  direct press Conditions
for pressing step Temperature Tl of press-molding surface of upper mold Immediately before pressing
step was carried out [C] 380 380

medium flows may be provided in the press mold body
inthevicinityofthe centralportiononthe press
side.

[0207]

Here,theheatingmembermaybe,forexample,acy
placed on an outer peripheral side of the guide mem
heatersinparallelwiththeaxialdirectionXwhic
intervals along a peripheral direction of the guide
that,theseheatersmaybebuiltintheguidemembe
so as to be embedded on an outer peripheral surface
mold body 152. Further, asthe coolingliquid, al
agassuchasair,agasinwhichaliquidisdispe
or the like may be used.

[0208]

Further,asthe pressmolds 150 and 160, apressm
inFIG.21maybeused. FIG.2lisaschematicsec
another example of the press mold used in the metho
aglassblankforamagneticrecording mediumglass
tothesecondembodiment. Notethat,inFIG.21,l
are used to designate members having substantially
functions as those illustrated in FIG. 20.

[0209]

Here, a principal part of a press mold 200 illustr
21 includes the press mold body 152, the guide memb
pushingmember 156, and the second pushing member 1
the members (dot-and-dash line Xin the figure) are
centralaxesaresubstantiallycoincidentwiththe
Note that, the press mold 200 illustrated in FIG. 2

150SillustratedinFIG.20aresimilarinincludin

106

152 and at least

-moldingsurface 152A

lindricalheater
ber 154 or bar-like
hareplacedatregular
member 154. Note
r154,ormaybeplaced
side of the press
iguid such as water,

rsedbybeingsprayed,

oldillustrated
tionalviewillustrating
d of manufacturing
substrate according
ikereferencenumerals

the same or similar

ated in FIG.
er 154, the first
58. Central axes of
coincident, and the
horizontaldirection.
1 andthe press mold

gthepressmoldbody



380 Temperature T2 of press-molding surface of lower mold immediately before pressing step was
carried out [C] 480 480 480 Temperature difference between press-molding surfaces(IT1-T21) [C] 100
100 100

152, the guide member 154, the first pushing member 156, and the second
pushing member 158, but are greatly different from each other mainly
in the following points. Thatis, compared with th e case of the press
mold 150S illustrated in FIG. 20, in the press mold 200 illustrated in
FIG.21,(1)the pressmold body 152 andthe guide member 154 are placed
so that an outer peripheral surface of the press mo Id body 152 and an
inner peripheral surface of the guide member 154 ar e substantially
distanced from each other, (2) the press mold body 152 and the first
pushing member 156 are placed so that the pushed su rface 152B of the
press mold body 152 and the pushing surface 156A of the first pushing
memberl56aresubstantiallydistancedfromeachot her,and(3)asupport
member 170 is placed between the pushed surface 152 B and the pushing
surface156Aalongtheouterperipheralside ofthe pushedsurface152B.

[0210]

Here, the press mold body 152 is formed of a circu lar cylinder
having one end surface that forms the circular pres s-molding surface
152A. Note that, the shape of the press mold body 152 isadiskinthe
exampleillustratedinFIG.20,buttheshapeisno tspecificallylimited
insofarasthe shapeissubstantiallydisk. Inthe exampleillustrated
inF1G.21,thepress-moldingsurfacel52Aisasub stantiallyflatsurface.
Further, the support member 170 is placed so as to be fixed to any one
ofthe pushed surface 152B and the pushing surface 156A, andis movable
away fromthe other surface. Note that, asthe sup portmember 170, for

example, a ring-like member may be used.

[0211]

In the press mold 200 illustrated in FIG. 21, the first pushing
member 156 may push the guide member 154 to the oth er press mold which
isplacedtobeopposedtothe pressmold200. In thiscase,atthesame
time, the press mold body 152 is also pushed via th e supportmember 170
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Temperature difference within press-molding surface of upper moldimmediately before pressing step
was carried out [C1 30 30 30 Temperature difference within press-molding surface of lower mold
immediately before pressing step was carried out [C] 30 30 30

tothe other press mold which is placed to be oppos
200. Further,thesecondpushingmemberl158maypu
body 152 to the other press mold which is placed to
press mold 200. Note that, in the example illustra
the press molding, a pressing force is applied to t

152 (1) in the vicinity of a central portion or (2)

an outer edge portion of the pushed surface 152B.

preferredthatconditionsofthepresssuchasthe
the strength, and the like of the press mold body 1
the like of the support member 170, or the press pr
sothatthe press mold body 152 does not warp no ma
locations of (1) and (2) the pressing force is appl
[0212]
Notethat,theexampleillustratedinFIG.14toF
tothesecondpressingprocess. Whenthefirstpre
out, for example, only one of the pair of press mol
thepressmold150SillustratedinF1G.20orthep
inFIG.21. Inthiscase, asthe otherpress mold,
mold which is substantially formed of only a press
suchasasimple disk-like memberor cylindrical me
below (for example, a press mold 310 to be describe
in FIG. 23) may be used. Inthis case, forexample
a part of the other press mold (for example, the pr
thereof) and the guide surface 154A are broughtint
other,and,inthesecondstep,thepressmoldbody
to the side of the other press mold under the state
of the other press mold and the guide surface 154A
each other.

[0213]
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Temperature of plate glass when pressing step was completed (temperature when taken out) [C] 500
495 500 Presence/absence of upper mold for cooling used Absence Absence Presence Results of
evaluation Flatness[pm] 20

-Glass Material-

The glass material used in the method of manufactu ring a glass
blank according to the second embodiment is not spe cifically limited
insofar as the glass material has physical properti es suitable for a
magneticrecordingmediumglasssubstrate,inparti cular,ahighthermal
expansion coefficient, further, high stiffness, or heatresistance and
the like, and, at the same time, the glass material may be easily
press-molded into a plate shape by the horizontal d irect press. lItis
desiredthatthethermalexpansioncoefficientbes imilartothethermal
expansion coefficient of a holder for holding the m agnetic recording
medium. Morespecifically,theaveragelinearexpa nsioncoefficientat
100to300°Cispreferably70x10 " /°Cormore, morepreferably 75x10 7/°C
ormore,stillmorepreferably80x10 " ]°Cormore,yetstillmorepreferably
85%10 ' /°C or more. The upper limit of the average linear expansion
coefficient is not specifically limited, but, pract ically, preferably
120x10 "7 /°C or less. For the purpose of reducing deflectio n which is
causedwhenthemagneticrecordingmediumrotatesa thighspeed,aglass
materialhavinghighstiffnessisdesired. Moresp ecifically theYoung's
modulus is preferably 70 GPa or more, more preferab ly 75 GPa or more,
still more preferably 80 GPa or more, yet still mor e preferably 85 GPa
or more. The upper limit of the Young's modulus is not specifically
limited,but,practically,preferablyl20GPaorle ss. Further,byusing
a glass material which is excellent in heat resista nce, the substrate
may be processed at a high temperature in the proce ss of manufacturing
amagneticrecordingmedium,andhence,theglasst ransitiontemperature
oftheglassmaterialispreferably600°Cormore, morepreferably610°C
ormore, stillmore preferably 620°C ormore, yets tillmore preferably
630°C or more. Note that, the upper limit of the g lass transition
temperatureisnotspecificallylimited,but,from apracticalviewpoint
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15 15 Crack Not evaluated Productivity ADA [0275] Note that,
theevaluationmethodfortheflatness andtheevaluation method and the evaluation criteria for the crack
and the productivity shown in Table 1 to Table 3 are as described below. [0276]

of suppressing temperature rise in the press moldin g and the like, is
preferably780°Corless. Usingaglassmaterialw hichhasahighthermal
expansioncoefficient, highstiffness,andheatres istanceiseffective
inobtaining aglass substrate suitable foramagne ticrecordingmedium

having a high recording density.

[0214]

Asthe compositionofthe glass material,acompos itionwhich may
easilymaterializephysicalpropertiessuitablefor amagneticrecording
medium glass substrate may be appropriately selecte d, and for example,
a glass composition of a conventional glass materia | for the vertical
direct press may be appropriately selected, but it is preferred that
aluminosilicate glass be selected. Note that, a co mposition of
aluminosilicateglassdescribedbelowisparticular lypreferred,because
all of heat resistance, high stiffness, and a high thermal expansion
coefficient may be easily accomplished in a well-ba lanced way.

[0215]

Thatis, itis preferred that the glass compositio n of the glass
(hereinafter,referredtoas"Glass Composition1") ,expressedinmol%,

include

50 to 75% of SiO 2
0 to 5% of Al 203,
0 to 3% of Li »0,

0 to 5% of ZnO,

3to 15% in total of at least one kind of component selected from Na >0
and K ,0,
14to 35% in total of at least one kind of componen t selected from MgO,

CaO, Sr0O, and BaO, and
2 to 9% in total of at least one kind of component selected from ZrO 2,

TiO -, La 505, Y ,0;, Yb 2O;, Ta 505, Nb 505, and HfO 2, and
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-Flatness- The flatness wasmeasuredwith athree-dimensional shape measuring
apparatus(manufacturedbyCOMSCo.,Ltd.,high-precision three-dimensional shape measuring system,
MAP-3D) . The average flatness of ten samples was determined. [0277] -Crack- When 1,000

glass blgiere SROTAGUSIL REHEA . glass WAsks 1 R erack among, e ghiainglgjass blanks

were counted to deter e rate ccurrence of a crack. Note that, the evaluation criteria of the
results ef FLh&n%\{ﬁléJﬁ‘H%‘ﬁH%V{Ain Table 1 E%V@M?o’i@r@cﬁ? felipwe AhEB%F 8@ efficcurrence of a
crack is 0%. B: The rate of occurrence of a crack is more than 0% and 1% or less. C: The rate of
occurrence of gazaek is more than 1% and 2% or less. D: The rate of occurrence of a crack is 2% or
more. [0278] -Productivity-

A preferredrange ofthe average linear expansion coefficient of
Glass Composition 1 at 100 to 300°C is 70x10 7 /°C or more, a preferred
rangeoftheglasstransitiontemperatureis630°C ormore,andapreferred
range of the Young's modulus is 80 GPa or more. Gl ass Composition 1is
suitable as a material of a magnetic recording medi um glass substrate
of an energy-assisted method using a high Ku magnet ic material.

[0217]

Further, as a glass material which has a high ther mal expansion
coefficient,whichisexcellentinacidresistance andalkaliresistance,
which reduces the amount of alkaline elution from a surface of the
substrate,andwhichissuitableforchemical stren gthening, one having
the following glass composition (hereinafter referr ed to as "Glass

Composition 2") may be presented.

[0218]
Thatis, Glass Composition2includes,asacompos itionexpressed
in mol%,
70 to 85% in total of SiO 2 and Al ,0s, provided that the content of SiO 2
is 50% or more and the content of Al 2Oz is 3% or more,
10% or more in total of Li ,0, Na ,0, and K 5,0,
1 to 6% in total of MgO and CaO, provided that the content of CaO is

higher than the content of MgO, and
more than 0% and 4% or less in total of ZrO 2, TIO ,, La 505, Y 2,05, Yb 5,0,

Ta,0s, Nb >05, and HfO 2.

[0219]
(Method of Manufacturing Magnetic Recording Medium Glass Substrate)
The method of manufacturing a magnetic recording m edium glass
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The number of glass blanks produced per unit time when 1,000 glass blanks were continuously
produced was determined. Note that, the evaluation criteria of the results of the evaluation shown in
Table 1 to Table 3 are as follows. A: The number of glass blanks produced per hour was 3,420 or

more. %gﬁ?ﬁ@g@gg{)@ rg%%%%%?%ﬁ?&'#%%%iﬂ%ﬁ%%f‘s 3,240 or m%%%’?ﬂzégﬁ éﬁ'&‘{‘ 3,420. C:

The number ot glass S pro per hour was 3,060 or more and Jess than D: The
numbergf glassiblant RrrpveaslRE By E VRS aesdham3.060. [0279] ss8indueran ebMagnetic
Recording Medium Glass Substrate and Magnetic Recording Medium>> <Example 131> The each
glass blgoiksy pricclugied o EstanmpdeAbtipAdswieretaanedled to reduce ormemndxecsifainlddext, there
was applied scribe processing on a portion that was to serve as the outer periphery of a magnetic
recordirtdanlemaniinass’ sdiutide mathapeftioaniiacivad taserve as the cereal Plerkiffgraof. As a
result of the processing, two grooves looking like concentric circles were formed outside and inside.
Next, by FHHENG FESR R HIHIBAsDATT AR THE S A5 PiY88ssing was applieds cPEERWere
generatgrqn gl%ri\[g éﬂ? rQoves Rroduced. Tllaé/ the nsqcrliénse Efgg{:essing, by virtue of.the diffc?ri(ra]r}%% in thermal
e

I . reinafier eCl ex 3] L7 S .involve .
expansion 0? glass, an((ft e ou?sidsepportlon O?t e outer coPlcentrlc circle and ?he inside portlon were

removeg; fis &irgWh a dislssharRRalAsshavie diverfeck gircle shape was qfyainaslufRZgiaks

substrate are described in more detail.

[0220]

First,scribingisperformedonaglassblankobta inedbycarrying
out the press molding. The scribing refers to prov iding cutting lines
(line-like flaws) like two concentric circles (inne rconcentric circle
and outer concentric circle) with a scriber made of cemented carbide
or formed of diamond particles on a surface of a mo Ided glass blank,
in order to process the molded glass blank into a r ing shape having a
predetermined size. The glass blank having scribed thereon the two
concentric circles is partially heated, and the out side portion of the
outer concentric circle and the inside portion of t he inner concentric
circle are removed by virtue of the difference in t hermal expansion of
glass,therebyyieldingadisk-shapedglasshaving aperfectcircleshape.

[0221]

When scribe processing is carried out, if the roug hness of the
main surfaces of the glass blankis 1 um or less, cutting lines can be
suitably provided by using a scriber. Note that, i nthe case wherethe
roughnessofthemainsurfacesoftheglassblanke xceedsl um,ascriber
does not follow the irregularities of the surface a nd it may become
difficult to provide cutting lines uniformly. Int his case, after the
mainsurfacesoftheglassblankaremade smooth,s cribingisperformed.

[0222]
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Next, shape processing was applied to the disk-shaped glass by using chamfering or the like and its
end surfaces were polished. Then, after a first polishing was carried out on the main surfaces of the
disk-shaped glass, the glass was immersed in a chemical strengthening solution to perform chemical

strengthening. ﬁg[?t?{ %ee %@{E&i’éﬂgesrﬁm%pﬁp% Stlg(ﬂ {%%s&\g%}igswgciently cleaned q,rﬁ(g té‘he%ggu bjected

to a second polishing. After the second polishing step, the d ped glass was clean ain and a
magnetjg §eeQLHRE MBRAETBlRsFIHRPIEMENYaR Ry @Fdeesl, The obtained fapgpRHRERAAUAING medium
glass substrate had an outer diameter of 65 mm, a central hole diameter of 20mm, a thickness of 0.8
mm, andatinaiarsugacenaugdmessraf On2i por oo hessn[0281] Note that uhpnoduiciggttiee magnetic
recording medium glass substrate, steps such as the lapping step carried out with one of the main
purposex the R IRy ©Ninpeoientisa datnesPRipd idhthated. However, teARitirs9bffdie glass
blanks of Example Al to AS used in the processing was 4 pm and the flatness of the magnetic
recordify" FieBRRAGHES SARFARYRSAA MY BRI (ass blanks of EXHHIFIPAT to AS was 4 pm,
and thus, there Imost no difference in flatness between the two.And the flatness of the glass
blank of Example used in the processing was 3 pm and the flatness of the magnetic recording
medium glass M&Uﬁt@d%@dé’&&&e@%%%ﬂB@r@@&&lé@'ﬁﬁBQafﬂp'e A9 was 2 R dqdithus, there
was almost no difference in flatness between the two. Note that, the flatness of the magnetic recording
mediumiglassdssbstatepyashimgashecioh e apzinmlags napyito the measurement @i dhauflaiteas of the
glass blank. [0282] Next, the magnetic recording medium glass substrate produced was used to
form ancadeerentihgea! aileedercosfclesy e, tenglgnstioldger, a protective lygemiardt dnidgdricant layer
in the stated order on the main surface of the magnetic recording medium glass substrate, yielding a
magnetRY RISy FHEW U tRiGa senfREfE TG GPparatus in which vAMIGMIHGUTREBEEN performed
was used tp form ﬁ?e“r”e”ti%'h’ the grlli%eglt #aé/e the undercoat layer, and the.magﬂl]etigr!%yer in an Ar

[
atmospﬁgfé(il)(f/su%lng g maegonré ron spu térlﬁg%%?hod. At that time, the ddheren aeyer was formed

by using aGEE! §Ri8H 59 AR SRUNRIRMSGJT IdaYSE fipying 2 thickness g 20 R iss {rmed.
Subsequently, a single wafer/stationary opposed film-forming apparatus was used to forma layer
having athieknessnafid( amuroade frampphpa® SsRe as the undercoahlayesia anrfacasnosphere by
using a DC magnetron sputtering method. Further, the magnetic layer was formed at a film-forming
temperatiifee ofl 290 A\by (ssHndf an et atingetfor s GoPt target so that ar srdorphoasaBeRtayer or an
amorphous CoPt layer each having a thickness of 200 nm was formed. After the film formation up to
the magHEtiERYEPTASHEL ATRTABREHE ree SHAMEREUI was transferre® R6RY tHBSiIm-forming
apparatus to a rRle%%ti g furnace and annealed at a temperature of 650 to 700C. [0283] Next, a
protective laye of hydrogenated carbon was formed by a CVD method using ethylene as a

material gas. Aﬁ%&?%@%\@iﬁﬁ?ﬁ&yﬁhg@g& U geRRLyQropolyether (PEPE) was Jorpgf by a dip

coating method. The thickness of the lubricant layer was 1 nm. The manufacturing steps described
above pirwded peagnesis rereplinsaeflireié8ddiish The flatness of il dnnghalierraesding media
obtained by using the glass blanks of Example Al to A8 was 4 pm, which was substantially similar to
the flatreestsolaineemagnesy o rbeoraimsunizcksmAJiEsshsubstrates used mingrRothyeang ¢nenmoagdetic
recording media. And the flatness of the magnetic recording media obtained by using the glass blanks
of Exan&hRJi(5h83[shinghscholasasnpstasfédiiaSimilar to the flatnessToftRe dHAGRetic reBorfifigmedi
um glass substrates used in producing the maginetic recording media. Note that, the flatness of the

magnetft JECSI A FREHXAYL hEdRIHE AN U UrRid WaGTo the measuremBMDAIRVARERSS of the

glass blﬁ‘%?e&g?r%%] t%%%”b%%@?%%ﬁ%{“w@es%n and th e like, which are
caused by the grinding step, are not generatedint he glass. Thus, the
first polishing step involves a small amount ofam achining allowance.

[0225]

Inthefirstpolishingstepandthesecondpolishi ngstepdescribed
below, a double-side polishing apparatus is used. The double-side
polishing apparatus is an apparatus for carrying ou t polishing with
polishingpadsbyrelativelymovingadisk-shapedg lassandthepolishing
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The glass blanks produced in Comparative Example Al were used to produce magnetic recording
medium glass substrates. Note that, the magnetic recording medium glass substrates were produced
in the same manner as in Example El except that the lapping step was further carried out with the

grindin%gl#wqtﬂ%? ggg)m(g_ §%tet80l?|§ mf ﬂ%;@ gaé})grlmgﬁ] glr@% g@ce was polishe% é@gﬁgﬁﬁﬁr@dmgrﬁrst polishing

was carried out. The obfained magne ding medium glass substrat outer diameter of
65 mm, sarenpatiiniadiameteriatefdnge 2 thiekness gf 0.8 mm, and a maip gHiERCE Eosigness of 0.2
nm or less. Further, the flatness of the glass blanks used in the processing was 15 pm while the
flatnessrofatienaitdiicecnmag pesidarecoridiad roradiomr gilass substrates wasahprist welsidgesfirmed that
the flatness was greatly improved. [0286] Next, the obtained magnetic recording medium glass
substraffsURERS SisdacoRbeane alayesetdfecemimg wedia in the samdaharertadanatiyample Bl. The
flatness of the obtained magnetic recording media was 4 pm, which was substantially similar to the
flatnessTSM IR AR e R FEIALSHRSRAGR YR eibrates used in prodtiBNF RS HEGRtic recording
media. {87 < COMAAIAY e RATIRlE 15280 1niaRelic recording mediug glass sybstrares and
magnetic feddr Ing mediZwere produced In the same manner as in Comparative xamgle 131 except
that therlanpingdileRswascliginratednThp flatagssees pidhe obtained magogHg rskerdinganedium glass
substrates and magnetic recording media were substantially the same as the flatness of the glass
blanks pse@ mieoligrcegpiags §e288bsCoapatativatbxample 133>  hddagneiicp@aaitigg medium
glass substrates and magnetic recording media were produced in the same manner as in Comparative
Exampleal B¢ refitepisthas ttechgl @5 btk w ibhothrdedfih€omparative Examplte A8 Mgere @s€d. The
obtained magnetic recording medium glass substrates had an outer diameter of 65 mm, a central hole
diametdP890 A8, RETFERNEBRBIB" MR 2AR UohidfffSurface roughneds 68 PV ARPHRYBES. Further,
the flatqﬁ(sessgfnth% é;rla\}a%llgl%nl%ntljnsed in the processing was 15 pm while the flatness of the produced
magnetic recorcﬁng medium’ glassgs'ubstrates was 4 pm. It was confirmed that the flathness was greatly
improved. [028R]226] Next, the obtained magnetic recording medium glass substrates were used to
produce magnetic recording media in the same manner as in Comparative Example El. The flatness of
the obtained magBelichiraryeing: Aradia oudsdl PpralidTeh was substantiallyskisHap teidhesHasness of the
magnetic recording medium glass substrates used in producing the magnetic recording media.

Theuppersurfaceplateismovableinthevertical directionandpresses
eachpolishingpadontothefrontandbackmainsur facesofeachdisk-shaped
glass. Then, while a slurry (polishing liquid) con taining polishing
abrasivegrains(polishingmaterial)isbeingsuppl ied,thedisk-shaped
glassandthe polishingpad moverelativelyowning totheplanetarygear
motionofthepolishingcarrierandthephenomenon thattheuppersurface
plate andthe lower surface plate rotate in opposit edirectionstoeach
other. Asaresult,thefrontandbackmainsurfac esofeachdisk-shaped
glassispolished. Notethat,inthefirstpolishi ngstep,ahardresin
polisher, for example, is used as the polishing pad and cerium oxide
abrasive grains, for example, are used as the polis hing material.

[0227]

Next,thedisk-shapedglassafterthefirstpolish ingissubjected
tochemicalstrengthening. ltispossibletousea moltensaltofpotassium
nitrateorthelikeasachemicalstrengtheningsol ution. Inthechemical
strengthening, the chemical strengthening solution is heated to, for
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[0290] <Comparative Example B4> Magnetic recording medium glass substrates and magnetic
recording media were produced in the same manner as in Comparative Example 153 except that the
lapping step was eliminated. The flatnesses of the obtained magnetic recording medium glass

substra et ISE ' ' I antially the sam Igl@g the glass
blanks l%%?[ﬁ ?rF?(?%rgégéang.%@géﬂ%ggfawﬁfﬁ%%gf éecond Aspec?g'F t%?g%é’%sent%ﬂﬁ\}g%ﬁom
Hereinajigyr @ gerad asRrabAf Mg RsaRtvamian i gescribed by wayhgfieaarypiesu it the second
aspect of the present invention is not limited to only the following examples. [0292] <<Production of

Glass Blaniorexample grexasi@iesiand Thaparatbie examples, morenidpanfeexeiglehtordreds of glass
blanks (diameter: about 75 mm, thickness: about 0.9 mm) for producing 2.5-inch magnetic recording
mediuntgReyasibiiated e rrtoittiiveliglgsaesiatee. [0293] (Exampleoabained inedopding to the
process illustrated in FIG. 11 to FIG. 19, the molten al}z(?s gob forming step, the press-molding step

(first stet? dd'toRE! 8y NG GRE BAKIRGTUE R IWREE carried out to prodidd Giddada¥s. Note
that, the vi?]coﬂ eof ‘Qgsrgglé% I%I ss which flows out fgg)rrgnthe glass outlet %the \r/]\{%laadjusted to be 700

acll O naergo chemica
dPa.s, R first pres v g !

[0228]

Each glass is immersed in the chemical strengtheni ng solution,
as described above, and as a result, sodium ions in the surface layers
ofthe glass are substituted by potassiumions each having arelatively
large ionradiusinthe chemical strengthening solu tion, respectively,
forming a compressive stress layer with a thickness of about 50 to 200
um. Thus, the glass is strengthened and is provided with good impact
resistance. Notethattheglasshavingundergone chemicalstrengthening
treatmentis cleaned. For example, the glassis cl eaned with sulfuric
acid and then cleaned with pure water, isopropyl al cohol (IPA), or the
like.

[0229]

Next, the glass which has undergone chemical stren gthening and
has been cleaned sufficiently is subjected to secon d polishing. A
machining allowance removed by the second polishing is, for example,

aboutl pum.

[0230]
Thepurposeofthesecondpolishingistofinisht he mainsurfaces
likemirrorsurfaces. Inthesecondpolishingstep thedisk-shapedglass
is polished by using a double-side polishing appara tus asinthe first
polishingstep,butthecompositionofpolishingab rasivegrainscontained
inapolishingliquid(slurry)tobeusedandthec ompositionofapolishing
pad are differentfromthose inthe firstone. In the second polishing
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mold 150 and the second press mold 160 were placed so as to be perpendicular to the direction in
which the molten glass gob 124 fell, and the falling distance was set to be 150 mm. [0294] Here,
main physical property values and the composition of the glass material used in producing the glass

blanks SHlp ?ﬁefPé'%WeSus%E"?m%ﬁ@ﬂﬁ' i%?&ﬁ%‘;{;?é‘fé‘? &3¢ -Deformati;’?og%%lfin%5Q§m%ﬁL8i” point:

490C .Composition: composition correspondin ass Composition Further, specific
conditiogs fsierraving Qukibie it miep mind dbmpaeandisiep and details of s prassplds 150 and
160 used in the press molding were as follows. [0296] -Conditions for Carrying out First Step-

The tenmoeicatlrgsod pha-presampédinchssefacedm2iAimmediately beforaedhefiratstefp avasdcarried out
was set to be 500C, the temperature of the press-molding surface 162A immediately before the first
step wals eHYMed Tiarwies seppie. 300ce thastéhepeetifive difference withintlePpregithtitfihg surface
152A Immediately before the first step was carried out was set to be 50C, and the temperature
differenE8"WHAY 2 IHELYRBIAING LatiRe AW H M Aiifdiately before thBHRT LAY WS Efified out was
set to bgnggc.ﬂl}l%te 5ﬂ%hiF1he s%esgrrgo#gs el)&(')é) agd 1UI6SQ3 were set to be driven goﬂt]%at (t)fﬂg ress-molding
surface 1524 the pres%-mo?dlng 'sUrface 1624 were brought into contact with the molteh glass gob
124 at thg gae time. Further, the press-molding time was 0.07 second. Note that, the temperatures of
the press-molding surfaces 152A and 162A were monitoredby thermocouples placed at a depth of 30
mm from the pregs-amolding surfaces 152A and 162A, respectively. Among the thermocouples, one
was placed at the center of each of the press-molding surfaces 152A and 162A, and four were placed
at positions of T hendiigkratiapeftanasisepodintedoinethehseictedgreis-molding surfaced52¢pdnad 162A in
diameter directions so as to form angles of 00, 90, 180, and 270 in a peripheral direction, respectively.

[0297] againcleaned. Inthecleaning,aneutraldetergen t,purewater,orlPA
isused. The second polishing yields a glass subst rate for a magnetic
disk having a main surface flatness of 4 um or less and a main surface
roughnessof0.2nmorless. Afterthat,variousl ayerssuchasamagnetic
layerareformedontheglasssubstrateforamagne ticdisk,andamagnetic

disk is produced.

[0232]

Notethat,thechemical strengthening stepiscarr iedoutbetween
the first polishing step and the second polishing s tep, and the order
ofthesestepsisnotlimitedtothisorder. Aslo ngasthesecondpolishing
step is carried out after the first polishing step, the chemical
strengtheningstepcanbearbitrarilyarranged. Fo rexample,theorder
ofthefirstpolishing step,thesecondpolishings tep,andthechemical
strengtheningstep(hereinafter referredtoas'Ro utingl"maybeadopted.
Note that, if Routing 1 is adopted, surface irregul arities that may be
produced by the chemical strengthening step are not removed, and hence
more preferredistherouting of the first polishin g step, the chemical

strengthening step, and the second polishing step.
[0233]

Note that, in manufacturing a magnetic recording m edium glass
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-Conditions for Carrying out Second Step- The temperature of the plate glass 126 when the
second step was completed (temperature when taken out) was set to he 495C. The press pressures of
the press mold bodies 152 and 162 during the second step was carried out were set to he always held

at0.5 N@@Slﬁg{g, %%%E&%é%@“?ﬂﬁé‘g%% K& mlaleHqss 126 was a value detgrmined on Ipg

assumption that the temperature was a temperature measured by the thermocouple placed at the
center qfeacnsIsrpResTdnaldingnidiacesdrairgthd§2A. [0298] -Pregs Wakk substAsdhe press
mold 150, one formed of cast iron of the integral type in which the press mold body 152 and the guide
membemhp 8 enaresindagradys ihrsrad iviastusethndes the prfess mold 160, daenetthe intiegdad type which
was similar to the press mold 150 was used. Note that, the press-molding surfaces 152A and 162A
were cOMABRMIFIaCcoafages Frump s sads GRIAdYSRss molds 150 add Aledse aea yraéfgal type which
were used was provided with a flow path for passing cooling water therethrough formed in the press
mold bdH{lPBESS 5147 L8ntrolling tHB YHpRr4tE dfthe predBlitdiafiy editdtere83® or 162A and
the tempqegg’;g[e djstribution within tgeFj ﬁﬁ% -moldin? surface 152A or 162A. and a he]':\t(ﬁ%%laced on an
n

outer perip &ral'side o Stﬁ%bﬁress mo oF 1607 (&99] (Example Af)easnyéﬁggg] anks were

produceq, in $he; saMmA WBHGE&?@ Pamaiealexeert that the temperatyrg, oHthe plaigaglass when
taken out was set to be 490C. [0300] (Example A3) Glass blanks were produced in the same

manneraas sidmx@mplenAl sxeepd tbatibeitesnparatie ptéldemlate glass when takeaniont waseset to be
505C. [0301]

"flatness of the glass blank used in the processing and the flatness
of the produced magnetic recording medium glass sub strate are
substantially the same" as used herein means that t he flatness of the
glass blankis 105% or less with the required flatn ess of the magnetic
recording medium glass substrate being the referenc e (100%).

[0234]

Notethat,whentheflatnessoftheglassblankus edintheprocessing
andtheflatnessoftheproducedmagneticrecording mediumglasssubstrate
are caused to be substantially the same, a step suc h as a lapping step
whichiscarriedoutwithoneofthemainpurposes thereofbeingtoimprove

the flatness may be eliminated.
[0235]

(Method of Manufacturing Magnetic Recording Medium)

A method of manufacturing a magnetic recording med ium according
to the second embodiment of the present invention i s characterized in
that a magnetic recording medium is produced by at least going through
amagneticrecordinglayer-forming step offorming amagneticrecording
layer on a magnetic recording medium glass substrat e produced by the
method of manufacturing a magnetic recording medium glass substrate
according to the second embodiment of the present i nvention.

[0236]
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(Example A4) Glass blanks were produced in the same manner as in Example A3 except that the
press pressure during the second step was carried out was reduced with time. Note that, the press
pressure was controlled so as to be 50% when the temperature of the plate glass 126 reacheda

temperature wh \g/,@gti@&;!ﬂ}ﬁ’i?@m@&%ﬁ% Q&{Qﬁg%}é%%t, with the pressqms%sgmai ediately

after the start of the'second step being the reference . [0302] (Example A5) ass blanks
were praducrd A theiSRIMRITENNRILRS B iFtaile A3 except that the Brage Hrapsise Gking the
second step was carried out was reduced with time. Note that, the press pressure was controlled so as
to be 5Qfis keh éorthesie nopecatupe ef the elate gtasst2Greacheda temperattaigowkicbhragsC higher
than the defromation point, with the press pressure immediately after the start of the second step
being tHeqefecete (trI6m) JOBOEE(Eampletaggest Glass blanks wer® PiedREs didig same
manner as in Example A3 except that the press pressure during the second step was carried out was
reduce®IHiF BFAEUK BRI AT CHE BrECE BFrLLlIBANE L ontrolled so as BWEBEY A I Iemperature
of the pLa(;[S n%,gss 126 .reachgda temperatyre .Whi(%h was 40C lower than th% éi%fromation no'nt, with the

press pressure fr%"rﬁé%%é’l? after the Statt of t %Ssgggﬁ%astep being the rre?ere'ncszés(tfgb%%) . [0304]

(ExamplgeAfde.

[0237]

The magnetic recording medium has, for example, a configuration
inwhichatleastanadherentlayer,anundercoatl ayer,amagneticlayer
(magnetic recording layer), a protective layer, and a lubricant layer
arelaminated onthe mainsurface ofasubstrate se guentially, starting
from the layer close the main surface of the magnet ic recording medium
glasssubstrate. Forexample,amagneticrecording mediumglasssubstrate
isintroducedintoafilm-formingapparatusinwhic hpressureisreduced,
andeachlayerfromtheadherentlayertothemagne ticlayerissequentially
formedonthemainsurfaceofthemagneticrecordin gmediumglasssubstrate
in an Ar atmosphere by using a DC magnetron sputter ing method. There
canbeused, forexample, CrTias the adherentlaye r,and, forexample,
CrRuastheundercoatlayer. Aftertheabove-menti onedfilmformation,
the protective layer is formed with C »Hs gas by using, for example, a
CvDmethod,andthen,nitridingtreatmentincluding introducingnitrogen
intothe surfaceis carried outinthe same chamber ,thereby being able
to form the magnetic recording medium. After that, for example,
polyfluoropolyether (PFPE) is applied on the protec tive layer by adip
coating method, thereby being able to form the lubr icant layer.

[0238]

The size of the magnetic recording medium is not s pecifically
limited. Howeverthemagneticrecordingmediumgl asssubstrateisformed
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Glass blanks were produced in the same manner as in Example AS except that the press pressure
during the second step was carried out was reduced with time. Note that, the press pressure was
controlled so as to be 50% when the temperature of the plate glass 126 reacheda temperature which

was 409@?&%&%%%@& gl%ﬁrc I%%&%H}E)%V@Sq %gﬁ press pressure imng%cLHag%%/’ gﬁtghg}]% start of the

second step being the reference (1 Example A8) Glas s were produced in the
same magagas dkaiarerle ASexrrmdnahir press pressure during,ierigeandesifmiNas carried
out was reduced with time. Note that, the press pressure was controlled so as to be 50% when the
temperatoire bifethe i laighdyasseh? toreached the defropmation point, with the poesshressaiéemmediately
after the start of the second step being the reference (100%). (Example A9) Glass blanks were
produced in thd®&#E manner as in Example A2 except that the temperature of the plate glass when
taken out was set to be 485C. [0306] (Comparative Example Al) Glass blanks were produced
under baSfisfyFHREAMEUSnditions as in Example Al except that a press mold 300 illustrated in FIG.

22 was ysed as t ress mold. However, during the second step was carried qut, the press pressure
was ap e L R B A e e s M R i

22 is fognedphedst iron and has a structure in which the press mold body 152 and the guide member
154 forming the press mold 1503 illustrated in FIG. 20 are integrated. The press mold 300 is a circular
cylinder and onecenediagadheneod ismbpreasemalding pretaca BA0A. Further, a rirgike, ehexex portion
302 having a function similar to that of the guide member 154 is provided along an outer edge portion
of the premovitsdanesuekiaien dPuftrtr i gedlikebiasknber 304 is attdotiataonescdaoedivitich is

opposite to the press-molding surface 300A. A drive which is not shown is connected to the other end

of the roteME MeidERr YR NSt #1&INHEFodARE YA IFIPE04 is attache PRI Dedd3kial with the

axial directi r,])>}lo; gpnea g—:‘rsgorrpqglcli Sé)soa Fugaert,e gﬁélessmgothness and th(?]flgtor}%sg, %ff gg ress-molding
surface%@B é fhe press mold :t’a(% ana%e dimeASidng of the press-mo 8|ng QAR 300¥ and the
convex poanL g 3 ey s Al AR Lieps f the mold 1503 yeed i biaiRgamles and
illustrated in FIG. 20. [0308]

glass by directly pressing a molten glass gob by us ing a pair of press

molds which are placed so as to be opposed to each other and have

substantiallythesametemperature. Inthepress-m oldingstep,themolten

glass gob continues to be pressed by the pair of pr ess molds until the

temperatureofthemoltenglassgobisequaltoor lowerthanatemperature

which is 10°C higher than the strain point of a gla ss material forming

the plate glass.

[0240]

A high-temperature press-molded product is easily deformable.
Thus, the molten glass gob continues to be pressed by the pair of press
moldsuntilthetemperature ofthe molten glass gob isequaltoorlower
thantheabove-mentionedtemperature,totherebypr eventthedeformation
and manufacture a glass blank of a desired shape. In this case, itis
preferred that the molten glass gob continue to be pressed by the pair
of press molds until the temperature of the molten glass gob is equal
toorlowerthantheglasstransitiontemperatureo fthe glass material.

[0241]
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(Comparative Example A2) Glass blanks were produced under basically the same conditions as
in Example Al except that a press mold 310 illustrated in FIG. 23 was used as the press mold.
However, the first step was completed at a point in time at which the thickness of the plate glass 126

was similar to the thickness ol the qgspgmm%é)ﬁ&%qr%%rgﬁc% and after that, the ﬁ%ﬁﬂﬂﬂrﬁﬁ? was

carried out with the press pressure being re ring the second step was carrfed out, the
press presgHEeivVahRRRNRM I8 1BR Wheleus ahMeld $4:0- [0309] Node thedsthe Rreasemold 310
illustrated in FIG. 23 is formed of cast iron and has a structure corresponding to that of the press mold
body 152 doghingtthetpress coolchdS0Ehibastiatee inftiG. 20 are integratethelleenpegasumeadd 310 is a
circular cylinder and one end face thereof is a press-molding surface 310A. Further, a rod-like member
312 is ditgadnetian alasgfack wkienaktogpdeite ttheietpeess-molding surfag&BNERIN @i which is not
shown is connected to the other end of the rod-like member 312. Note that, the rod-like member 312 is

attached'8854835 Ha'! c SANEF AR G SRILISR of the press mollPFRBIRILIEHR RS ation)
The glass blanks produced .in the exam and_the comparative examples were evalyated in terms of
flatnessr?t%%'ﬁﬁessogaég\?igﬁrgﬁ?%{tﬁgrg%raasc%ﬁ gnt results are shown in Table@:'eeﬂft}gtl%g(ﬁf'szﬁ)?)eP TkNote that, the

temperafyresRE QPRSI Qling saufaces farngnhe first step and the sqgangk skrPMsiscarried out
in the examples and the comparative examples were substantially the same and were 50500 or less at

the highgtats [@3d i [Fpldetd]diTialnlerdhan a temperature w

than the strain point, there is a fear that the str

the glass blank. However, by maintaining the state
glass gob and the pair of press molds are broughti
with each other until the temperature of the molten
toorlowerthanthestrainpoint,the processofc
canbecontrolled,andthe straininsidethe glass

As a result, a glass blank whose flatness is less e
evenafterannealingcanbeobtained. Notethat,t
contact” includes a state in which the molten glass
be pressed by the pair of press molds, and a state
of press molds are maintained inintimate contactw
gob without applying force to the molten glass gob.

[0242]

Further,the press-moldingstepmayinclude afirs
for determining the thickness of the plate glass an
stepforimprovingtheflatnessoftheplateglass,
step and the second pressing step may be carried ou
using the pair of press molds. Further, it is pref
press-molding step be carried out so that the thick
glassis 2 mm or less and the flatness thereofis 1

10 um). Notethat,the method of manufacturingaglass
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tpressingstep
d a second pressing
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t continuously by
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blankaccording



Example Al Example A2 Example A3 Physical property values of glass material used Deformation
point ['CI 550 550 550 Strain point [C] 490 490

to the third embodiment of the present invention is suitable for
manufacturing a thinner flat glass blank, and hence the thickness is
more preferably 1.5 mm or less, still more preferab ly 1.2 mm or less,

yet more preferably 1.0 mm or less.

[0243]

Note that, the method of manufacturing a glass bla nk according
to the third embodiment of the present invention ma y be combined with
the modes of the method of manufacturing a glass bl ank accordingtothe
firstembodimentorthe method of manufacturingag lass blankaccording
to the firstembodiment. Further, the method of ma nufacturing a glass
blank for a magnetic recording medium glass substra te according to the
third aspect of the present invention may be combin ed with the modes
of the method of manufacturing a glass blank accord ing to the second
embodiment or the method of manufacturing a glass b lank according to

the second embodiment.

[0244]
(Method of Manufacturing Magnetic Recording Medium Glass Substrate)

A method of manufacturing a magnetic recording med ium glass
substrate according to the third embodiment of the present invention
is characterized in that a glass blank is produced by the method of
manufacturing a glass blank according to the third embodiment, and the
glass blank is processed to produce a magnetic reco rding medium glass
substrate. Notethat,inthemethodofmanufacturi ngamagneticrecording
medium glass substrate accordingtothe thirdembod imentofthe present
invention, the same manufacturing conditions as tho se inthe method of
manufacturing a magneticrecording medium glass sub strate according to
the first embodiment and/or the method of manufactu ring a magnetic
recording medium glass substrate according to the s econd embodiment
described above can be employed, except for the use of the glass blank
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490 Structure of a pair of molds with guide member with guide member with guide member Conditions
for first step Temperature Ti of press-molding surface 52A immediately before first step was carried
out re] 500 500

produced by the method of manufacturing a glass bla
third embodiment.
[0245]
(Method of Manufacturing Magnetic Recording Medium)
A method of manufacturing a magnetic recording med
to the third embodiment of the present invention is
thatamagneticrecordingmediumglasssubstrateis
of manufacturing a magnetic recording medium glass
to the third embodiment, and a magnetic recording m
by at least going through a magnetic recording laye
formingamagneticrecordinglayeronthemagnetic
substrate. Notethat,inthemethodofmanufacturi
medium according to the third embodiment of the pre
same manufacturing conditions as those in the metho
a magnetic recording medium according to the first
the method of manufacturing a magnetic recording me
the second embodiment described above can be employ
use of the magnetic recording medium glass substrat
method of manufacturing a magnetic recording medium
according to the third embodiment.
[Examples]
[0246]
<Examples of First Aspect of the Present Invention>
Hereinafter,thefirstaspectofthepresentinven
by way of examples, but the first aspect of the pre
not limited to only the following examples.
[0247]
<<Production of Glass Blank>>

Inexamples and comparative examples, more than se
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of glass blanks (diameter: about 75 mm, thickness:
producing 2.5-inch magnetic recording medium glass
continuously produced.
[0248]
(Example A1)
AccordingtotheprocessillustratedinFIG.1to
glass gob forming step, the first pressing step, th
step, and the taking out step were carried outto p
Note that, the viscosity of the molten glass which
glass outlet 12 was adjusted to be 700 dPa-s, the f
and the second press mold 60 were placed soastob
the direction in which the molten glass gob 24 fell
distance was set to be 150 mm.
[0249]
Here, main physical property values and the compos
glass material used in producing the glass blanks w
-Glass transition temperature: 495°C
-Deformation point: 550°C
-Strain point: 490°C
-Composition: composition corresponding to Glass Co
[0250]
Further, specific conditions for carrying outthe
step andthe second pressing step and details of th
60 used in the press molding were as follows.
[0251]
-Conditions for Carrying out First Pressing Step-
Thetemperatureofthepress-moldingsurface52Ai
thefirstpressingstepwascarriedoutwassetto

of the press-molding surface 62A immediately before

123

500 Temperature T2 of press-molding surface 62A immediately before first step was carried out [C]
500 500 500 Temperature difference between press-molding surfaces(IT1-T21)[ C]000

about 0.9 mm) for

substrates were

FIG.9,themolten

e second pressing
roduce glass blanks.
flows out from the
irst press mold 50
e perpendicular to

, and the falling

ition of the

ere as follows.

mposition 2

firstpressing

e press molds 50 and

mmediatelybefore

be500°C,thetemperature

the first pressing



Temperature difference within press-molding surface 52A immediately before first step was carried out
[C] 50 50 50 Temperature difference within press-molding surface 62A immediately before first step
was carried out [C] 50 50 50 Conditions fo second step Temperature of plate glass 26 when second

step wag completed AN A S WS HREBR QU Hempe

withinthepress-moldingsurface52Aimmediatelybe

step was carried outwas settobe 50°C, andthe te

withinthepress-moldingsurface62Aimmediatelybe

step was carried out was setto be 50°C. Note that

and 60 were set to be driven so that the press-mold

the press-molding surface 62Awere broughtintocon

glassgob24atthesametime. Further,thepress-

second. Note that, the temperatures ofthe press-m

and 62A were monitored by thermocouples placed at a

the press-molding surfaces 52A and 62A. Among the

was placed at the center of each of the press-moldi

62A,andfourwereplacedatpositionsof30mmin

of each of the press-molding surfaces 52A and 62A s

of 0°, 90°, 180°, and 270° in a peripheral directio
[0252]

-Conditions for Carrying out Second Pressing Step-
The duration time of the second pressing step was

theflatnessoftheobtainedglassblankswasmeasu

time of the second pressing step was 2 seconds or m

rature difference
forethefirstpressing
mperature difference
forethefirstpressing
, the press molds 50
ing surface 52A and
tactwiththe molten
moldingtimewas0.07
olding surfaces 52A
depth of 1 mm from
thermocouples, one
ng surfaces 52A and
radiusfromthecenter
o as to form angles

n, respectively.

adjusted and

red. Whentheduration

ore, the flatness

oftheglassblankswas4 um. Therefore,thedurationtimeofthesecond

pressingstepwassettobe2seconds. Thetempera

26 when the second pressing step was completed (tem
out)was 495°C. The presspressure duringthe seco
carriedoutwassettobealwaysheldat0.5MPa.

of the plate glass 26 was a value determined on the
temperature was a temperature measured by the therm
the center of each of the press-molding surfaces 52

way, the duration time of the second pressing step
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tureoftheplateglass
perature when taken

nd pressing stepwas

Notethat,thetemperature

assumption that the
ocouple placed at
A and 62A. In this

was controlled with



495 490 505 Press pressure during the second step was carried out Always constant Always constant
Always constant Results of evaluation Flatness[pm] 4

theflatnessoftheglassblankbeingabarometert oobtainglassblanks

excellent in flatness.

[0253]
-Press Mold-

Asthepressmold50,oneformedofcastironoft heintegraltype
inwhich the press mold body 52 and the guide membe r54 were integrally
formed was used. Asthe press mold 60, one of the integral type which
wassimilartothe pressmold50wasused. Noteth at, the press-molding
surfaces 52A and 62A were completely flat surfaces. Further, each of
thepressmolds50and60oftheintegraltypewhic hwereusedwasprovided
with a flow path for passing cooling water therethr ough formed in the
press mold body 52 or 62 for controlling the temper ature of the
press-moldingsurface52Aor62Aandthetemperatur edistributionwithin
the press-molding surface 52A or 62A, and a heater placed on an outer
peripheral side of the press mold 50 or 60. Here, the flow rate of the
cooling water and the heating conditions of the hea ter were controlled
sothatthedifferencebetweenthetemperatureoft hepress-moldingsurface
52Aofthepressmold50andthetemperatureofthe press-moldingsurface
62A of the press mold 60 was always held within ar ange of £10°C.

[0254]

(Example A2)

Glass blanks were produced in the same manner as i n Example Al
exceptthatthedurationtime ofthesecondpressin gstepwaslengthened
andthetemperatureoftheplateglasswhentakeno utwassettobe490°C.

[0255]

(Example A3)

Glass blanks were produced in the same manner as i n Example Al
except that, as the press molds 50 and 60, ones of the separate type
in which the press mold bodies 52 and 62 and the gu ide members 54 and
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4 4 Thickness deviation [um] 10 10 10 Crack CAR

64 were formed as separate members, respectively, w ere used.
[0256]

(Example A4)

Glass blanks were produced in the same manner as i n Example A3
exceptthatthepresspressureduringthesecondpr essingstepwascarried
outwasreducedwithtime. Notethat,thepresspr essurewascontrolled
so as to be 50% when the temperature of the plate g lass 26 reached a
temperature which was 25°C lower than the defromati on point, with the
press pressure immediately after the start of the s econd pressing step

being the reference (100%).
[0257]

(Example A5)

Glass blanks were produced in the same manner as i n Example A3
exceptthatthepresspressureduringthesecondpr essingstepwascarried
outwasreducedwithtime. Notethat,thepresspr essurewascontrolled
so as to be 50% when the temperature of the plate g lass 26 reached a
temperature which was 25°C higher than the defromat ion point, with the
press pressure immediately after the start of the s econd pressing step

being the reference (100%).
[0258]

(Example A6)

Glass blanks were produced in the same manner as i n Example A3
exceptthatthepresspressureduringthesecondpr essingstepwascarried
outwasreducedwithtime. Notethat,thepresspr essurewascontrolled
so as to be 50% when the temperature of the plate g lass 26 reached a
temperature which was 40°C higher than the defromat ion point, with the
press pressure immediately after the start of the s econd pressing step

being the reference (100%).

[0259]
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[Table 4-continued No.1] Example A4 Physical property values of glass material used Deformation
point [C] 550 Strain point [C] 490 Structure of a pair of molds with guide member

(Example A7)

Glass blanks were produced in the same manner as i n Example A3
exceptthatthepresspressureduringthesecondpr essingstepwascarried
outwasreducedwithtime. Notethat,thepresspr essurewascontrolled
so as to be 50% when the temperature of the plate g lass 26 reached a
temperature which was 40°C lower than the defromati on point, with the
press pressure immediately after the start of the s econd pressing step

being the reference (100%).
[0260]

(Example A8)

Glass blanks were produced in the same manner as i n Example A3
exceptthatthepresspressureduringthesecondpr essingstepwascarried
outwasreducedwithtime. Notethat,thepresspr essurewascontrolled
so as to be 50% when the temperature of the plate g lass 26 reached the
defromation point, with the press pressure immediat ely after the start
of the second pressing step being the reference (10 0%).

[0261]

(Example A9)

Glass blanks were produced in the same manner as i n Example A2
except that the temperature of the plate glass when taken out was set
tobe485°C.and,asthepressmolds50and60,pre ssmoldsoftheseparate

type were used.
[0262]

(Comparative Example Al)

Glass blanks were produced in the same manner as i n Example Al
except that the duration time of the second pressin g step was set to
belessthan2secondsandthetemperature ofthep late glasswhentaken

out was set to be 520°C.

[0263]
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Conditions for first step Temperature Ti of press-molding surface 52A immediately before first step
was carried out [C] 500 Temperature T2 of press-molding surface 62A immediately before first step
was carried out [C] 500 Temperature difference between press-molding surfaces(IT1-T21) [C] 0
Fémper&{ld;ﬁp(mfaqgggc&%%l@ grf)ss-moldlng surface 52A immediately before first step was carried out

Glass blanks were produced in the same manner as i n Example Al

except that the second pressing step was eliminated
[0264]
(Comparative Example A3)

Glass blanks were produced by the vertical direct
glassmaterialsimilartotheoneusedin Example A
oftheglassblanks,therewasusedapressapparat
table along the outer peripheral edge of which twel
arranged at regular intervals and which rotated tab
direction while alternatively moving and stopping f
timeofpress. Further,whenthenumbers,P1toP1
lowermoldstoppositionscorrespondingtothetwel
on the outer peripheral edge of the rotating table
direction of the rotating table, the following resp
arranged above the press surface of alower mold or
mold at each of the following lower mold stop posit
-Lower mold stop position P1: molten glass supply ap
-Lower mold stop position P2: Upper mold
-Lower mold stop position P9: taking out means (vacu
apparatus)

[0265]

In the press apparatus, a predetermined amount of
is supplied onto a lower mold at the lower mold sto
moltenglassispress-moldedintoathinplate glas
and the lower mold atthe lower mold stop position
thinplateglass(glassblank)istakenoutatthe
P9. Further, a soaking and cooling step is carried

mold moves to the stop positions P2 to P9, and preh
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50 Temperature difference within press-molding surface 62A immediately before first step was carried
out [C] 50 Conditions for second step C] Temperature of plate glass 26 when second step was
completed (temperature when taken out) [0 505 Press pressure during the second step was carried

out Reqyed 103018 S bIFTRG AW R RIAE RS S reached

r mold moves to the

stop positions P9 to P12.

[0266]

Thematerialoftheuppermoldandthelowermold
and the flatness of the press-molding surfaces were
ofthepressmolds50and60usedinExampleAl. N
of the molten glass immediately before being suppli
mold located at the lower mold stop position P1 was
dPa-s.

[0267]

-Conditions for Carrying out Pressing Step-

Note that, the details of the conditions for carry
pressing step were as follows. The temperature of
surfaceoftheuppermoldimmediatelybeforethepr
out was set to be 380°C, the temperature of the pre
of the lower mold immediately before the pressing s
wassettobe480°C,thetemperaturedifferencewit
surfaceoftheuppermoldimmediatelybeforethepr
out was set to be 30°C, and the temperature differe
press-moldingsurfaceofthe lower moldimmediately
step was carried out was setto be 30°C. Note that
drivendownward2secondslaterafterapredetermin
glasswassuppliedontothelowermold. Further,t
mold was brought into contact with the molten glass
towhentheuppermoldandthelowermoldwere move
(press-moldingtime)was0.3second. Whenthepres
outunder the conditions described above, the tempe
glasswhenthe pressing stepwas completed (tempera

was 500°C. Note that, the temperatures of the pres
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temperature which was 25C lower than defromation point Results of evaluation Flatness[pm] 4

Thickness deviation [pm] 10 Crack A

of the upper mold and the lower mold were monitored
placed at a depth of 5 mm from the press-molding su
thermocouples,onewasplacedatthecenterofeach
surfaces, and four were placed at positions of 15m
center of each of the press-molding surfaces so as
0°, 90°, 180°, and 270° in a peripheral direction,

[0268]

(Comparative Example A4)

Glass blanks were produced in the same manner as i
Example A3 except that the press-molding time was e
temperature when taken out was 495°C. Note that, t
was considerably slow and there was no practicality
timeofhavingproducedseveraltensofglassblank

[0269]

(Comparative Example A5)

A press apparatus similarto the one used in Compa
A3 exceptthatanuppermoldforcoolingwasfurthe
surfaceatthelowermoldstoppositionP3wasused
Notethat,theuppermoldforcoolinghassubstanti
asthatofthe upper mold for press molding placed
atthelowermoldstoppositionP2. Here,thepres
outatthe lower mold stop position P2 was carried
similar to those in Comparative Example A3.

[0270]

Further, during the period in which the lower mold
the lower mold stop position P3, a state was held i
uppermoldforcoolingwaspreheatedtoabout480°C
to the plate glass placed on the lower mold but was

contact therewith.
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[Table 4-continued No.2] Example AS Physical property values of glass material used Deformation
point [C] 550 Strain point [C] 490 Structure of a pair of molds with guide member

[0271]

(Evaluation)

The glass blanks produced in the examples and the

exampleswereevaluatedintermsofflatness,acra

TheresultsareshowninTable 1to Table 3. Note

between the press-molding surfaces during the first
the second pressing step were carried out in all th
Comparative Examples A1 and A2 in which the glass b
by the horizontal direct press was 550°C or less at
the temperature between the press-molding surfaces
stepwascarriedoutin Comparative Examples A3to

blankswereproducedbytheverticaldirectpressw

to 500°C.
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Conditions for first step Temperature Tl of press-molding surface 52A immediately before first step
was carried out [C] 500 Temperature T2 of press-molding surface 62A immediately before first step
was carried out [C] 500 Temperature difference between press-molding surfaces(IT1-T21) [C] 0
F&mperwg]d[flt%qgcie]\ within press-molding surface 52A immediately before first step was carried out

[Table 1]
Example Al Example A2 Example A3
Physical
Deformation point [°C] 550 550 550

property values
of glass . . °

. Strain point [°C] 490 490 490
material used

Horizontal Horizontal Horizontal

Press method direct direct direct
press press press

Mold type Integral Integral Separate
type type type

Temperature Tl of press-molding
surface 52A immediately before

. . . 500 500 500
first pressing step was carried

out [°C]

Temperature T2 of press-molding
surface 62A immediately before

. . . 500 500 500
first pressing step was carried

out [°C]

Conditions for |Temperature difference between
first pressing |[press-molding surfaces (|T1- 0 0 0
step T2|) [°C]

Temperature difference within
press-molding surface 52A
immediately before first 50 50 50
pressing step was carried out
[°cl

Temperature difference within
press-molding surface 62A

immediately before first 50 50 50
pressing step was carried out
[°cl
Duration time of second Longer than
2 seconds 2 seconds

pressing step 2 seconds

Temperature of plate glass 26
when second pressing step was

L 495 490 495
Conditions for [completed (temperature when
second pressing |taken out) [°C]
step
Press pressure during the
. Always Always Always
second pressing step was
X constant constant constant
carried out
Result of Flatness [pm] 4 4 4
. Crack B A C
evaluation —
Productivity B C B
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50 Temperature difference within press-molding surface 62A immediately before first step was carried
out [C] 50 Conditions for second step C] Temperature of plate glass 26 when second step was
completed (temperature when taken out) [ 505 Press pressure during the second step was carried out

Reduceditg R0%when.temparature of plate glass 26 reached

Example A4

Physical . .
Deformation point [°C] 550

property values
of glass . . °

. Strain point [°C] 490
material used
Press method Horizontal direct press
Mold type Separate type

Temperature Tl of press-molding
surface 52A immediately before
first pressing step was carried
out [°C]

500

Temperature T2 of press-molding
surface 62A immediately before 500
first pressing step was carried

out [°C]

Conditions for |Temperature difference between
first pressing |press-molding surfaces (|T1- 0
step T2]) [°C]

Temperature difference within
press-molding surface 52A
immediately before first 50
pressing step was carried out
[°cl

Temperature difference within
press-molding surface 62A
immediately before first 50
pressing step was carried out
[°cl

Duration time of second
. 2 seconds
pressing step

Temperature of plate glass 26
when second pressing step was
Conditions for [completed (temperature when
second pressing |taken out) [°C]

495

step
. Reduced to 50% when temperature
Press pressure during the
. of plate glass 26 reached
second pressing step was . o
. temperature which was 25°C
carried out . .
lower than defromation point
Result of Flatness [pm] 4
. Crack A
evaluation —
Productivity B
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[Table 1-continued No.2]

temperature which was 25C higher than defromation point Results of evaluation Flatness[pm] 4
Thickness deviation [pm] 10 Crack A

Example A5

Physical
property values
of glass
material used

Deformation point [°C]

550

Strain point [°C]

490

Press method

Horizontal direct press

Mold type

Separate type

Conditions for
first pressing
step

Temperature Tl of press-molding
surface 52A immediately before
first pressing step was carried
out [°C]

500

Temperature T2 of press-molding
surface 62A immediately before
first pressing step was carried
out [°C]

500

Temperature difference between
press-molding surfaces (|T1l-
T2|) [°C]

Temperature difference within
press-molding surface 5224
immediately before first
pressing step was carried out
[°cl

50

Temperature difference within
press-molding surface 62A
immediately before first
pressing step was carried out
[°cl

50

Duration time of second
pressing step

2 seconds

Temperature of plate glass 26
when second pressing step was

L 495
Conditions for |completed (temperature when
second pressing |taken out) [°C]
step
. Reduced to 50% when temperature
Press pressure during the
. of plate glass 26 reached
second pressing step was . o
. temperature which was 25°C
carried out . . .
higher than defromation point
Result of Flatness [pm] 4
. Crack A
evaluation —
Productivity B
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[0273] [Table 2]

[0312][Table 5] [Table 5] Example A6 Physical property values of glass material used Deformation
point [C] 550 Strain point [C] 490 Structure of a pair of molds

[Table 2]
Example A6
Physical
Deformation point [°C] 550
property values
of glass . . °
Strain point [°C] 490

material used

Press method

Horizontal direct press

Mold type

Separate type

Conditions for
first pressing
step

Temperature Tl of press-molding
surface 52A immediately before
first pressing step was carried
out [°C]

500

Temperature T2 of press-molding
surface 62A immediately before
first pressing step was carried
out [°C]

500

Temperature difference between
press-molding surfaces (|T1l-
T2]|) [°C]

Temperature difference within
press-molding surface 522
immediately before first
pressing step was carried out
[ecl

50

Temperature difference within
press-molding surface 62A
immediately before first
pressing step was carried out
[°cl

50

Conditions for

Duration time of second
pressing step

2 seconds

Temperature of plate glass 26
when second pressing step was
completed (temperature when

495

second pressing taken out) [°C]
step
. Reduced to 50% when temperature
Press pressure during the
] of plate glass 26 reached
second pressing step was . o
. temperature which was 40°C
carried out i i i
higher than defromation point
Result of Flatness [pm] 4
evaluation Crack B
Productivity B
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with guide member Conditions for first step Temperature Ti of press-molding surface 52A immediately
before first step was carried out[C] 500 Temperature T2 of press-molding surface 62A immediately
before first step was carried out[C] 500 Temperature difference between press-molding

surfacesTh: T2 LG vo.1)

Example A7

Physical
property values
of glass
material used

Deformation point [°C]

550

Strain point [°C]

490

Press method

Horizontal direct press

Mold type

Separate type

Conditions for
first pressing
step

Temperature Tl of press-molding
surface 52A immediately before
first pressing step was carried
out [°C]

500

Temperature T2 of press-molding
surface 62A immediately before
first pressing step was carried
out [°C]

500

Temperature difference between
press-molding surfaces (|T1l-
T2|) [°C]

Temperature difference within
press-molding surface 52A
immediately before first
pressing step was carried out
[°cil

50

Temperature difference within
press-molding surface 62A
immediately before first
pressing step was carried out
[°cil

50

Conditions for
second pressing
step

Duration time of second
pressing step

2 seconds

Temperature of plate glass 26
when second pressing step was
completed (temperature when

taken out) [°C]

495

Press pressure during the
second pressing step was
carried out

Reduced to 50% when temperature
of plate glass 26 reached
temperature which was 40°C

lower than defromation point

Result of Flatness [pm] 2
evaluation Crack B
Productivity B
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Temperature difference within press-molding surface 52A immediately before first step was carried out
1C] 50 Temperature difference within press-molding surface 62A immediately before first step was
carried out FOCI 50 Conditions for second step Temperature of plate glass 26 when second step was
completegd, tiemparatirewien taken out)[ C] 505 Press pressure during the second step was carried

out

Example A8

Physical
property values
of glass
material used

Deformation point [°C]

550

Strain point [°C]

490

Press method

Horizontal direct press

Mold type

Separate type

Conditions for
first pressing
step

Temperature Tl of press-molding
surface 52A immediately before
first pressing step was carried
out [°C]

500

Temperature T2 of press-molding
surface 62A immediately before
first pressing step was carried
out [°C]

500

Temperature difference between
press-molding surfaces (|T1-
T2|) [°C]

Temperature difference within
press-molding surface 52A
immediately before first
pressing step was carried out
[°cil

50

Temperature difference within
press-molding surface 623
immediately before first
pressing step was carried out
[°cil

50

Conditions for
second pressing

Duration time of second
pressing step

2 seconds

Temperature of plate glass 26
when second pressing step was
completed (temperature when

taken out) [°C]

495

step
Press pressure during the Reduced to 50% when temperature
second pressing step was of plate glass 26 reached
carried out defromation point
Result of Flatness [pm] 4
evaluation Crack A
Productivity B
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Reduced to 50% when temperature of plate glass 26 reached temperature which was 40C lower than

defromation point Results of evaluation Flatness[um] 4 Thickness deviation [Pm] 10

[Table 2-continued No.3]

Comparative | Comparative
Example A9
Example Al Example A2
Physical . . o
Deformation point [°C] 550 550 550
property values
of glass . . °
. Strain point [°C] 490 490 490
material used
Horizontal Horizontal Horizontal
Press method direct direct direct
press press press
Mold type Separate Integral Integral
type type type
Temperature Tl of press-molding
surface 52A immediately before
. . . 500 500 500
first pressing step was carried
out [°C]
Temperature T2 of press-molding
surface 62A immediately before
. . . 500 500 500
first pressing step was carried
out [°C]
Conditions for |Temperature difference between
first pressing |press-molding surfaces (|T1- 0 0 0
step T2|) [°C]
Temperature difference within
press-molding surface 52A
immediately before first 50 50 50
pressing step was carried out
[°cil
Temperature difference within
press-molding surface 62A
immediately before first 50 50 50
pressing step was carried out
[°c]
. . Shorter
Duration time of second Longer than
: than 2
pressing step 2 seconds
seconds
Temperature of plate glass 26
o when second pressing step was 485 520 Seco?d
Conditions for completed (temperature when preéssing
second pressing taken out) [°C] step was
step not carried
out
Press pressure during the
. Always Always
second pressing step was
. constant constant
carried out
Result of Flatness [pm] 3 11 20
evaluation Crack A B A
Productivity C B A
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Crack 3 [Table 5-continued No.1] Example A7 Physical property values of glass material used
Deformation point [C] 550 Strain point FOCI 490

[0274] [Table 3]

Comparative Comparative Comparative
Example A3 Example A4 Example A5
Physical Deformation point [°C] 550 550 550
property values
of glass
material used Strain point [°C] 490 490 490
Vertical direct|Vertical direct|Vertical direct
Press method press press press
Temperature Tl of press-molding
£ £ 1
?ur a?e of upper mold . 380 180 180
immediately before pressing step
was carried out [°C]
Temperature T2 of press-molding
surface of lower mold
. . . 480 480 480
immediately before pressing step
was carried out [°C]
Temperature difference between
press-molding surfaces (|T1-T2]) 100 100 100
[°c]
Conditions for
pressing step Temperature difference within
press-molding surface of upper
mold immediately before 30 30 30
pressing step was carried out
[°C]
Temperature difference within
press—-molding surface of lower
. ] . 30 30 30
mold immediately before pressing
step was carried out [°C]
Temperature of plate glass when
i t leted
pressing step was complete 500 495 500
(temperature when taken out)
[°cl
Presence/absence of upper mold for cooling used Absence Absence Presence
Flatness [pm] 20 15 15
Results of
evaluation Crack Not evaluated
Productivity A D A

[0275]

Notethat,theevaluationmethodfortheflatness andtheevaluation
method and the evaluation criteria for the crack an d the productivity
shown in Table 1 to Table 3 are as described below.

[0276]

-Flatness-

Theflathesswasmeasuredwithathree-dimensional shapemeasuring

apparatus (manufactured by COMS Co., Ltd., high-pre cision
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Structure of a pair of molds with guide member Conditions for first step Temperature Ti of
press-molding surface 52A immediately before first step was carried out [C] 500 Temperature T2 of
press-molding surface 62A immediately before first step was carried out [C] 500 Temperature

differengg betyRen s sinolding sy fRcrs LT ARG, Theaverageflatness

of ten samples was determined.

[0277]
-Crack-

When 1,000 glass blanks were continuously produced , glass blanks
with a crack among the obtained glass blanks were ¢ ounted to determine
the rate of occurrence of a crack. Note that, the evaluation criteria
oftheresultsoftheevaluationshowninTablelt oTable3areasfollows.

A: The rate of occurrence of a crack is 0%.
B: The rate of occurrence of a crack is more than O % and 1% or less.
C: The rate of occurrence of a crack is more than 1 % and 2% or less.
D: The rate of occurrence of a crack is 2% or more.

[0278]

-Productivity-

Thenumberofglassblanksproducedperunittime when1,000glass
blanks were continuously produced was determined. Note that, the
evaluation criteria of the results of the evaluatio n shown in Table 1

to Table 3 are as follows.

A: The number of glass blanks produced per hour was 3,420 or more.
B: The number of glass blanks produced per hour was 3,240 or more and
less than 3,420.

C: The number of glass blanks produced per hour was 3,060 or more and

less than 3,240.

D: The number of glass blanks produced per hour was less than 3,060.
[0279]
<<Production of Magnetic Recording Medium Glass Sub strate and Magnetic

Recording Medium>>
<Example B1>

The each glass blanks produced in Example A1to A9 were annealed
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Temperature difference within press-molding surface 52A immediately before first step was carried out
[C] 50 Temperature difference within press-molding surface 62A immediately before first step was
carried out [C] 50 Conditions for second step Temperature of plate glass 26 when second step was

compl c}%@é ‘}q SVWNGPARKGRY O el ol Lfive pressure during fhe, second.slep,yas carried

out Reduce % en temperature
onaportionthatwastoserveastheouterperiphe ryofamagneticrecording
medium glass substrate and a portion that was to se rve as the central
hole thereof. As a result of the processing, two g rooves looking like
concentric circles were formed outside and inside. Next, by partially
heatingthe portionsonwhichthescribe processing wasapplied,acrack
were generated along the grooves produced by the sc ribe processing, by
virtue of the difference inthermal expansion of gl ass, andthe outside
portionoftheouterconcentriccircleandtheinsi deportionwereremoved.
Asaresult,adisk-shapedglasshavingaperfectc ircleshapewasobtained.

[0280]

Next, shape processing was applied to the disk-sha ped glass by
using chamfering orthe like and its end surfacesw ere polished. Then,
after a first polishing was carried out on the main surfaces of the
disk-shaped glass, the glass was immersed in a chem ical strengthening
solution to perform chemical strengthening. After the chemical
strengthening, the glass was sufficiently cleaned a nd then subjected
toasecondpolishing. Afterthesecondpolishing step,thedisk-shaped
glasswascleaned againand amagneticrecordingme diumglasssubstrate
was produced. The obtained magnetic recording medi um glass substrate
hadanouterdiameterof65mm,acentralholediam eterof20mm,athickness
of 0.8 mm, and a main surface roughness of 0.2 nm o r less.

[0281]

Note that, in producing the magnetic recording med ium glass
substrate, steps such as the lapping step carried o ut with one of the
main purposes thereof being to improve the flatness were eliminated.
However, the flatness of the glass blanks of Exampl e Al to A8 used in
theprocessingwas4 nmandtheflathessofthe magneticrecordingmedium
glass substrate produced by using the glass blanks of Example Alto A8
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of plate glass 26 reached temperature which was 40C higher than defromation point Results of
evaluation Flatness[pm] 4 Thickness deviation [pm] 10 Crack

was 4 um, and thus, there was almost no difference in flat ness between

the two.And the flatness of the glass blank of Exam ple A9 used in the
processing was 3 um and the flatness of the magnetic recording medium
glass substrate produced by using the glass blank o f Example A9 was 3
um, and thus, there was almost no difference in flat ness between the
two. Note that, the flatness of the magnetic record ing medium glass

substratewasmeasuredinasimilarwaytothemeas urementoftheflatness

of the glass blank.

[0282]

Next, the magnetic recording medium glass substrat
used to form an adherent layer, an undercoat layer,
a protective layer, and a lubricant layer in the st
mainsurface ofthe magneticrecordingmediumglass
amagnetic recording medium. First, afilm-forming
vacuuming had been performedwas usedtoformseque
layer, the undercoat layer, and the magnetic layer
by using a DC magnetron sputtering method. Atthat
layerwas formed by using a CrTitarget sothatan
having a thickness of 20 nm was formed. Subsequent
wafer/stationaryopposedfilm-formingapparatuswas
havingathicknessofl0nmmadeofamorphousCrRu
inanAratmospherebyusingaDC magnetronsputter
the magnetic layer was formed at a film-forming tem
byusinganFePttargetoraCoPttargetsothatan
oranamorphous CoPtlayereachhavingathickness
Afterthefilmformationuptothe magneticlayerf
recording medium was transferred from the film-form
heating furnace and annealed at a temperature of 65

[0283]
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B [Table 5-continued No.2] Example A8 Physical property values of glass material used Deformation
point [C] 550 Strain point[C] 490 Structure of a pair of molds

Next, a protective layer made of hydrogenated carb on was formed
byaCVDmethodusingethyleneasamaterialgas. Afterthat,alubricant
layer made using perfluoropolyether (PFPE) was form ed by adip coating
method. Thethicknessofthelubricantlayerwasl nm. Themanufacturing
steps described above provided magnetic recording m edia.

[0284]

The flatness of the magnetic recording media obtai ned by using
the glass blanks of Example Al to A8 was 4 um, which was substantially
similartotheflatnessofthemagneticrecordingm ediumglasssubstrates
usedinproducingthe magneticrecording media. And the flatness ofthe
magnetic recording media obtained by using the glas s blanks of Example
A9was3 um,whichwassubstantiallysimilartotheflatness ofthemagnetic
recordingmediumglasssubstratesusedinproducing themagneticrecording
media.Notethat,theflatnessofthemagneticreco rdingmediawasmeasured
inasimilarwaytothe measurementoftheflatness ofthe glassblanks.

[0285]

<Comparative Example B1>

The glass blanks produced in Comparative Example A lwereusedto
produce magnetic recording medium glass substrates. Note that, the
magnetic recording medium glass substrates were pro duced in the same
mannerasinExample Blexceptthatthelappingste pwasfurthercarried
outwiththe grinding allowance being settobe 50 pm afterthe endface
waspolishedandbeforethefirstpolishingwascar riedout. Theobtained
magnetic recording medium glass substrates had an o uter diameter of 65
mm, a central hole diameter of 20 mm, a thickness o f0.8 mm, and a main
surfaceroughnessof0.2nmorless. Further,the flatnessoftheglass
blanksusedintheprocessingwas15 umwhiletheflatnessoftheproduced
magnetic recording medium glass substrates was 4 um. Itwas confirmed

that the flatness was greatly improved.
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with guide member Conditions for first step Temperature Tl of press-molding surface 52A immediately
before first step was carried out [C] 500 Temperature T2 of press-molding surface 62A immediately
before crctmn.rriAt[or] ' 500 Temperature difference between press-molding surfaces(IT1-T21) [C]

[0286]
Next,theobtainedmagneticrecordingmediumglass
usedtoproducemagneticrecordingmediainthesam
B1l. Theflatnessoftheobtainedmagneticrecordin
wassubstantiallysimilartotheflatnessofthema
glass substrates used in producing the magnetic rec
[0287]
<Comparative Example B2>
Magneticrecordingmediumglasssubstratesandmag
mediawereproducedinthesamemannerasinCompar
that the lapping step was eliminated. The flatness
magneticrecordingmediumglasssubstratesandmagn
were substantially the same as the flatness of the
in the processing.
[0288]
<Comparative Example B3>
Magneticrecordingmediumglasssubstratesandmag
mediawereproducedinthesamemannerasinCompar
thattheglassblanksproducedinComparative Examp
obtainedmagneticrecordingmediumglasssubstrates
of 65 mm, a central hole diameter of 20 mm, a thick
a main surface roughness of 0.2 nm or less. Furthe
the glass blanks used in the processing was 15
of the produced magnetic recording medium glass sub
It was confirmed that the flathess was greatly impr
[0289]
Next,theobtainedmagneticrecordingmediumglass
used to produce magnetic recording media in the sam

ComparativeExampleB1. Theflatnessoftheobtain
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0 Temperature difference within press-molding surface 52A immediately before first step was carried
out [C] 50 Temperature difference within press-molding surface 62A immediately before first step was
carried out [C] 50 Conditions for second step Temperature of plate glass 26 when second step was

Comp'eﬁﬁ‘éé}m%r@t“r&d{‘{@ﬁﬂ éﬁ‘&?&%‘d@%&kﬁ%ﬁy similar to the flatness

of the

magneticrecordingmediumglasssubstratesusedin
recording media.

[0290]
<Comparative Example B4>

Magneticrecordingmediumglasssubstratesandmag
mediawereproducedinthesamemannerasinCompar
that the lapping step was eliminated. The flatness
magneticrecordingmediumglasssubstratesandmagn
were substantially the same as the flatness of the
in the processing.

[0291]
<Examples of Second Aspect of the Present Invention

Hereinafter,asecondaspectofthepresentinvent
by way of examples, but the second aspect of the pr
not limited to only the following examples.

[0292]
<<Production of Glass Blank>>

Inexamples and comparative examples, more than se
of glass blanks (diameter: about 75 mm, thickness:
producing 2.5-inch magnetic recording medium glass
continuously produced.

[0293]

(Example A1)

According to the process illustrated in FIG. 11 to
molten glass gob forming step, the press-molding st
second step), and the taking out step were carried
blanks. Note that, the viscosity of the molten gla

fromthe glass outlet 112 was adjusted to be 700 dP
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moldl150andthesecondpressmold160wereplaced
tothedirectioninwhichthe moltenglassgob 124
distance was set to be 150 mm.

[0294]

Here, main physical property values and the compos

glass material used in producing the glass blanks w
-Glass transition temperature: 495°C
-Deformation point: 550°C
-Strain point: 490°C
-Composition: composition corresponding to Glass Co
[0295]
Further, specific conditions for carrying out the
the second step and details of the press molds 150
press molding were as follows.
[0296]

-Conditions for Carrying out First Step-

The temperature of the press-molding surface 152A

beforethefirststepwascarriedoutwassettobe

ofthe press-molding surface 162Aimmediately befor
carried out was setto be 500°C, the temperature di
press-moldingsurfacel52Aimmediatelybeforethef
out was set to be 50°C, and the temperature differe
press-moldingsurfacel62Aimmediatelybeforethef
outwassettobe50°C. Notethat, the press molds
tobedrivensothatthepress-moldingsurfacel52A
surface 162A were brought into contact with the mol
atthesametime. Further,thepress-moldingtime

that, thetemperatures ofthe press-molding surface

monitoredbythermocouplesplacedatadepthof30

146

Press pressure during the second step was carried out Reduced to 50% when temperature of plate
glass 26 reached defromation point Results of evaluation Flatness[pm] 4 Thickness deviation [Pm] 10
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Crack A [Table 5-continued No.3] Example A9 Comparative Example Al Comparative Example A2
Physical property values of glass material used Deformation point [CC]

surfaces152Aand 162A,respectively. Amongtheth ermocouples,onewas
placedatthecenterofeachofthepress-moldings urfaces152Aand162A,
and four were placed at positions of 1 mm in radius from the center of
eachofthe press-molding surfaces 152Aand 162Ain diameterdirections
soastoformanglesof0°,90°,180°,and270°in aperipheraldirection,

respectively.
[0297]

-Conditions for Carrying out Second Step-

The temperature of the plate glass 126 when the se cond step was
completed (temperature when taken out) was setto b e 495°C. The press
pressures of the press mold bodies 152 and 162 duri ng the second step
was carried out were set to be always held at0.5 M Pa. Note that, the
temperatureoftheplateglassl26wasavaluedete rminedontheassumption
thatthetemperaturewasatemperaturemeasuredby thethermocoupleplaced
at the center of each of the press-molding surfaces 152A and 162A.

[0298]

-Press Mold-

As the press mold 150, one formed of cast iron of the integral
typeinwhichthepressmoldbodyl52andtheguide memberl54wereintegrally
formed was used. Asthe press mold 160, one ofthe integral type which
wassimilartothepressmold150wasused. Notet hat,thepress-molding
surfaces152Aand 162Awere completelyflatsurface s. Further,eachof
the press molds 150 and 160 of the integral type wh ich were used was
provided with aflow path for passing coolingwater therethroughformed
in the press mold body 152 or 162 for controlling t he temperature of
the press-molding surface 152Aor162Aandthetemp eraturedistribution
within the press-molding surface 152A or 162A, and a heater placed on
an outer peripheral side of the press mold 150 or 1 60.

[0299]
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550 550 550 Strain point[C] 490 490 490 Structure of a pair of molds with guide member FIG.12(press

(Example A2)

Glass blanks were produced in the same manner as i n Example Al
except that the temperature of the plate glass when taken out was set
to be 490°C.

[0300]

(Example A3)

Glass blanks were produced in the same manner as i n Example Al
except that the temperature of the plate glass when taken out was set
to be 505°C.

[0301]

(Example A4)

Glass blanks were produced in the same manner as i n Example A3
except that the press pressure during the second st ep was carried out
was reduced withtime. Notethat, the press pressu re was controlled so
astobe50%whenthetemperatureoftheplateglas sl26reachedatemperature
whichwas 25°Clowerthanthe defromationpoint, wi ththepresspressure
immediatelyafterthestartofthesecondstepbein gthereference(100%).

[0302]

(Example A5)

Glass blanks were produced in the same manner as i n Example A3
except that the press pressure during the second st ep was carried out
was reduced withtime. Note that, the press pressu re was controlled so
astobe50%whenthetemperatureoftheplateglas sl26reachedatemperature
whichwas25°Chigherthanthedefromationpoint,w iththepresspressure
immediatelyafterthestartofthesecondstepbein gthereference(100%).

[0303]

(Example A6)
Glass blanks were produced in the same manner as i n Example A3

except that the press pressure during the second st ep was carried out
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mold body and guide member were Integrally formed) FIG.13 (without guide member) Conditions for
first step Temperature Tl of press-molding surface 52A immediately before first step was carried out
[C] 500 500 500

was reduced withtime. Notethat, the press pressu re was controlled so

astobe50%whenthetemperatureoftheplateglas sl26reachedatemperature

whichwas40°Clowerthanthedefromationpoint, wi ththepresspressure

immediatelyafterthestartofthesecondstepbein gthereference(100%).
[0304]

(Example A7)

Glass blanks were produced in the same manner as i n Example A3
except that the press pressure during the second st ep was carried out
was reduced withtime. Notethat, the presspressu re was controlled so
astobe50%whenthetemperatureoftheplateglas sl26reachedatemperature
whichwas40°Chigherthanthedefromationpoint,w iththepresspressure
immediatelyafterthestartofthesecondstepbein gthereference(100%).

[0305]

(Example A8)

Glass blanks were produced in the same manner as i n Example A3
except that the press pressure during the second st ep was carried out
was reduced withtime. Note that, the press pressu re was controlled so
as to be 50% when the temperature of the plate glas s 126 reached the
defromation point, with the press pressure immediat ely after the start

of the second step being the reference (100%).

(Example A9)

Glass blanks were produced in the same manner as i n Example A2
except that the temperature of the plate glass when taken out was set
to be 485°C.

[0306]

(Comparative Example Al)

Glass blanks were produced under basically the sam e conditions
as in Example Al except that a press mold 300 illus trated in FIG. 22
wasusedasthepressmold. However,duringthese condstepwascarried
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Temperature T2 of press-molding surface 62A immediately before first step was carried out [C] 500
500 500 Temperature difference between press-molding (1T1-T2i) VClnu 00

out, the press pressure was applied to the whole pr ess mold 300.

[0307]

Note that, the press mold 300 illustrated in FIG. 22 is formed
of cast iron and has a structure in which the press mold body 152 and
the guide member 154 forming the press mold 150S il lustrated in FIG.
20 are integrated. The press mold 300 is a circula r cylinder and one
endfacethereofisapress-molding surface 300A. Further,aring-like
convexportion302havingafunctionsimilartotha toftheguide member
154isprovidedalonganouteredgeportionofthe press-moldingsurface.
Further,arod-likemember304isattachedtoasur facewhichisopposite
tothepress-moldingsurface300A. Adrivewhichi snotshownisconnected
to the other end of the rod-like member 304. Note that, the rod-like
member 304 is attached so as to be coaxial with the axial direction X
ofthe press mold 300. Further, the smoothness and the flatness of the
press-molding surface 300A of the press mold 300 an d the dimensions of
thepress-moldingsurface300Aandtheconvexporti on302aresubstantially
similar to those of the mold 150S used in the examp les and illustrated
in FIG. 20.

[0308]

(Comparative Example A2)

Glass blanks were produced under basically the sam e conditions
as in Example Al except that a press mold 310 illus trated in FIG. 23
was used as the press mold. However, the first ste p was completed at
apointintimeatwhichthethicknessoftheplate glass126wassimilar
to the thickness of the glass blank to be produced, and after that, the
second step was carried out with the press pressure being reduced.
Further, during the second step was carried out, th epresspressurewas

applied to the whole press mold 310.

[0309]
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Temperature difference within press-molding surface 52A immediately before first step was carried out
[C] 50 50 50 Temperature difference within press-molding surface 62A immediately before first step
was carried out [C] 50 50 50 Conditions for second step Temperature of plate glass 26 when second

step was complefed (HeMPRIHIENRER BYEN R Ed in Fic. 23 is formed

ofcastironandhasastructure correspondingtot hatofthe press mold
bodyl52formingthepressmold150Sillustratedin FIG.20areintegrated.

The press mold 310 is a circular cylinder and one e nd face thereof is
apress-moldingsurface310A. Further,arod-like member312isattached
toasurfacewhichisoppositetothepress-molding surface310A. Adrive
whichis notshown is connected to the other end of the rod-like member
312. Notethat,therod-like member312isattache dsoastobe coaxial

with the axial direction X of the press mold 310.
[0310]

(Evaluation)

The glass blanks produced in the examples and the comparative
examples were evaluated interms of flatness, thick ness deviation, and
acrack. Theresults are shown in Table 4 and Tabl e 5. Note that, the
temperatures of two press-molding surfaces during t he first step and
the second step were carried out in the examples an d the comparative
examplesweresubstantiallythesameandwere505°C orlessatthehighest.
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485 495 495 Press pressure during the second step was carried out Always constant Always constant
Always constant Results of evaluation Flatness [pm] 3

[0311] [Table 4]

[Table 4]
Example Al Example A2 Example A3
Physical Deformation point [°C] 550 550 550
property values
of glass
material used Strain point [°C] 490 490 490
ith id ith id ith id
Structure of a pair of molds W guice Wt guide Wt guice
member member member
Temperature Tl of press-molding
surface 52A immediately before 500 500 500
first step was carried out [°C]
Temperature T2 of press-molding
surface 62A immediately before 500 500 500
first step was carried out [°C]
. Temperature difference between
Conditions for
. press-molding surfaces (|T1-T2]) 0 0 0
first step o
["C]
Temperature difference within
press-molding surface 52A
. . . 50 50 50
immediately before first step
was carried out [°C]
Temperature difference within
press-molding surface 62A
. . . 50 50 50
immediately before first step
was carried out [°C]
Temperature of plate glass 26
when second step was completed
o 495 490 505
(temperature when taken out) [
Conditions for cl
second step
Press pressure during the second
. Always constant | Always constant | Always constant
step was carried out
Flatness [pm] 4 4 4
Results of - X X
X Thickness deviation [pm] 10 10 10
evaluation
Crack C A B
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15 4 Thickness deviation[-am] 8 10 30 Crack AAB

[Table 4-continued No.1l]

Example A4

Physical
property values
of glass
material used

Deformation point [°C]

550

Strain point [°C]

490

Structure of a pair of molds

with guide member

Conditions for
first step

Temperature Tl of press-molding
surface 52A immediately before
first step was carried out [°C]

500

Temperature T2 of press-molding
surface 62A immediately before
first step was carried out [°C]

500

Temperature difference between
press-molding surfaces (|T1-T2]|)
[°cl

Temperature difference within
press-molding surface 52A
immediately before first step
was carried out [°C]

50

Temperature difference within
press-molding surface 62A
immediately before first step

was carried out [°C]

50

Conditions for
second step

Temperature of plate glass 26
when second
(temperature when taken out) [°

C]

step was completed

505

Press pressure during the second
step was carried out

Reduced to 50% when temperature
of plate glass 26 reached
temperature which was 25°C

lower than defromation point

Results of
evaluation

Flatness [pm]

4

Thickness deviation [pm]

10

Crack
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[0313] Note that, the evaluation method and the evaluation criteria for the flatness, thickness
deviation, and a crack shown in Table 4 and Table 5 are as described below. [0314] Flatness-

The flatness was measured with a three-dimensional shape measuring apparatus (manufactured by
COMS Co Ltd hloq:,h preC|S|on three dimensional shape measurlng system, MAP-3D) . The average

tinue
ﬂatneS UI LUII Dalllplcb VVClD UCLUIIIIII IUU lUOJ.JJ I IIIb}\IIUDD UVICllIUI = Exan:tl\ill.ll |§galu I.U ll I
thickne$s UE_\/IdLIUH, thethickmesses of the prUULEU gldbb fankatthecenter and at pUblllU”‘ of 30
mm in rgais ffidm the cefmetosnaasao formtantflies of 0, 90, [L80, and 270 mf&(perlpheral dlrectlon

t . .
reSpeCt 6?? W é{revﬁlé?fsu.cd with-e mierometer; arcHre-standard-deviatiorrof-Hrefive POMtS fas

determlqngge;l' Igenustgg aetagenvpdietof the standard deviafjons of ten samphes was determingd.
[0316] rack Whepn-1 000 glass-blanks\were-continua |c|\l nroduced—alass-blankswith crack

et RS L bl PP O™
among fhe obtained glass blanks were counted to determing the rate of occurrence of a crack. Note
that, thegvalyation eriteria ofthe sesults of the evaluation shown in Jahle 4;and. Jakle 5 are as follows.

Temperature Tl of press-molding
surface 52A immediately before 500
first step was carried out [°C]

Temperature T2 of press-molding
surface 62A immediately before 500
first step was carried out [°C]

L. Temperature difference between
Conditions for

ress-molding surfaces T1-T2 0
first step P 1ng su (l h

[°cl

Temperature difference within
press-molding surface 52A

50
immediately before first step
was carried out [°C]
Temperature difference within
press-molding surface 62A
. - . 50
immediately before first step
was carried out [°C]
Temperature of plate glass 26
when second step was completed 505
(temperature when taken out) [°
Conditions for €l
second step Reduced to 50% when temperature
Press pressure during the second of plate glass 26 reached
step was carried out temperature which was 25°C
higher than defromation point
Flatness [pm] 4
Results of - - X
. Thickness deviation [pm] 10
evaluation
Crack A
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A: The rate of occurrence of a crack is 0%. B: The rate of occurrence of a crack is more than 0% and
1% or less. C: The rate of occurrence of a crack is more than 1% and 2% or less. D: The rate of
occurrence of a crack is 3% or more. [0317] <<Production of Magnetic Recording Medium Glass

Substr
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Temperature T2 of press-molding
surface 62A immediately before
first step was carried out [°C]

500

Conditions for
first step

Temperature difference between

press-molding surfaces (|T1-T2]|)
[°C]

Temperature difference within
press-molding surface 52A
immediately before first step
was carried out [°C]

50

Temperature difference within
press-molding surface 62A
immediately before first step
was carried out [°C]
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Temperature of plate glass 26
when second step was completed
(temperature when taken out) [°
Cl
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Conditions for
second step

Press pressure during the second
step was carried out

Reduced to 50% when temperature
of plate glass 26 reached
temperature which was 40°C

lower than defromation point

Results of

Flatness [pm]

4

Thickness deviation [um]

10

evaluation

Crack

B
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substrates, steps such as the lapping step carried out with one of the main purposes thereof being to

improve the flatness were eliminated. However, the flatness of the glass blank s of Example Al to AS

used in the processing was 4 pm and the flatness of the magnetic recording medium glass substrates
produced by using the glass blanks of Example Al to AS was 4 pm, and thus, there was almost no
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[0324]

Next, the obtained magnetic recording medium glass substrates were used to produce
magnetic recording media in the same manner as in Example Bl. The flatness of the obtained
magnetic recording media was 4 pm, which was substantially similar to the flatness of the magnetic
recordingraiadisrtghassusdbsirates used in producing the magnetic recording media. [0325]

<Comp
recordir

brative Example B2>
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sing. [Reference Signs List] [0326]
P 5SAGWET Erid Portion 24molten g

10molten glass effluent pipe 1293
lass gob 490

LSS

Structure of a pair of molds

with guide member

Temperature Tl of press-molding
surface 52A immediately before
first step was carried out [°C]

500

Temperature T2 of press-molding
surface 622 immediately before
first step was carried out [°C]

500

Conditions for
first step

Temperature difference between
press-molding surfaces (|T1-T2]|)
[°cl

Temperature difference within
press-molding surface 52A
immediately before first step
was carried out [°C]

50

Temperature difference within
press-molding surface 62A
immediately before first step
was carried out [°C]

50

Temperature of plate glass 26
when second step was completed
(temperature when taken out) [°
Cl

505

Conditions for
second step

Press pressure during the second
step was carried out

Reduced to 50% when temperature
of plate glass 26 reached
defromation point

Flatness [um]

Results of

Thickness deviation [pum]

evaluation

Crack
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26plate glass 30lower side blade (shear blade) 32body portion 34blade portion 34Uupper surface (of
blade portion) 34Elower surface (of blade portion) 40upper side blade (shear blade) 42body portion
44blade portion 44Uupper surface (of blade portion) 44Elower surface (of blade portion)

[Table 5-continued No.3]

Comparative Comparative
Example A9
Example Al Example A2
Physical Deformation point [°C] 550 550 550
property values
of glass
. . o
material used Strain point [°C] 490 490 490
FIG. 12 (press
FIG. 13
) with guide mold body and _
Structure of a pair of molds b guide member (without guide
member
were integrally member)
formed)
Temperature Tl of press-molding
surface 52A immediately before 500 500 500
first step was carried out [°C]
Temperature T2 of press-molding
surface 62A immediately before 500 500 500
first step was carried out [°C]
L Temperature difference between
Conditions for .
. press-molding surfaces (|T1-T2]) 0 0 0
first step °
["C]
Temperature difference within
press-molding surface 52A
. . . 50 50 50
immediately before first step
was carried out [°C]
Temperature difference within
press-molding surface 62A
. . . 50 50 50
immediately before first step
was carried out [°C]
Temperature of plate glass 26
when second step was completed
o 485 495 495
(temperature when taken out) [
Cl
Conditions for
second step
Press pressure during the second
i Always constant | Always constant | Always constant
step was carried out
Results of Flétness [pm]. - 3 22 -
Luati Thickness deviation [um] 8 10 30
evaluation Crack A A B
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50first press mold 503press mold 52press mold body 52Apress-molding surface 52Epushed surface
54guide member 54Aguide surface 54Epushed surface 56first pushing member 56Apushing surface
56Esurface opposite to pushing surface 56A 56Hthrough hole

[0313]
Note that, the evaluation method and the evaluatio ncriteria for
theflatness,thicknessdeviation,andacrackshow ninTable4andTable

5 are as described below.

[0314]
-Flatness-

Theflathesswasmeasuredwithathree-dimensional shapemeasuring
apparatus (manufactured by COMS Co., Ltd., high-pre cision
three-dimensionalshapemeasuringsystem,MAP-3D). Theaverageflatness

of ten samples was determined.
[0315]

-Thickness Deviation-

With regard to the thickness deviation, the thickn esses of the
produced glass blank at the center and at positions of 30 mm in radius
from the center so as to form angles of 0°, 90°, 18 0°, and 270° in a
peripheral direction, respectively, were measured w ith a micrometer,
andthestandarddeviationofthefive pointswasd etermined. Then,the
average value ofthe standard deviations often sam pleswasdetermined.

[0316]

-Crack-

When 1,000 glass blanks were continuously produced , glass blanks
with a crack among the obtained glass blanks were ¢ ounted to determine
the rate of occurrence of a crack. Note that, the evaluation criteria
of the results of the evaluation shown in Table 4 a nd Table 5 are as
follows.

A: The rate of occurrence of a crack is 0%.

B: The rate of occurrence of a crack is more than O % and 1% or less.

C: The rate of occurrence of a crack is more than 1 % and 2% or less.

D: The rate of occurrence of a crack is 3% or more.
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58second pushing member 60second press mold 62press mold body 62Apress-molding surface
64guide member 64Aguide surface [0327] 110molten glass effluent pipe 112glass outlet 120molten
glass flow 122forward end portion

[0317]
<<Production of Magnetic Recording Medium Glass Sub strate and Magnetic
Recording Medium>>

<Example B1>

The each glass blanks produced in Example A1to A9 were annealed
to reduce or remove strain. Next, there was applie d scribe processing
onaportionthatwastoserveastheouterperiphe ryofamagneticrecording
medium glass substrate and a portion that was to se rve as the central
hole thereof. As a result of the processing, two g rooves looking like
concentric circles were formed outside and inside. Next, by partially
heatingthe portionsonwhichthescribe processing wasapplied,acrack
were generated along the grooves produced by the sc ribe processing, by
virtue of the difference inthermal expansion of gl ass, andthe outside
portionoftheouterconcentriccircleandtheinsi deportionwereremoved.
Asaresult,adisk-shapedglasshavingaperfectc ircleshapewasobtained.

[0318]

Next, shape processing was applied to the disk-sha ped glass by
using chamfering orthe like and its end surfacesw ere polished. Then,
after a first polishing is carried out on the main surfaces of the
disk-shaped glass, the glass is immersed in a chemi cal strengthening
solution to perform chemical strengthening. After the chemical
strengthening, the glass was sufficiently cleaned a nd then subjected
toasecondpolishing. Afterthesecondpolishing step,thedisk-shaped
glasswascleaned againand amagneticrecording me diumglasssubstrate
was produced. The obtained magnetic recording medi um glass substrate
hadanouterdiameterof65mm,acentralholediam eterof20mm,athickness
of 0.8 mm, and a main surface roughness of 0.2 nm o r less.

[0319]

Note that, in producing the magnetic recording med ium glass
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124molten glass gob 126plate glass 130lower side blade (shear blade) 132body portion 134blade
portion 134U upper surface (of blade portion) 134E lower surface (of blade portion) 140upper side
blade (shear blade) 142body portion 144blade portion 144U upper surface (of blade portion) 144E

lower suiface (I PIaAe PQINM SR TUShRIGERpelddP3 press mold

out with one of the

main purposes thereof being to improve the flatness
However, the flatness of the glass blank s of Examp
theprocessingwas4
glass substrates produced by using the glass blanks
A8was4 um,andthus,therewasalmostnodifferenceinflat
the two. And the flatness of the glass blank of Exa
processing was 3
glass substrate produced by using the glass blank o
um, and thus, there was almost no difference in flat
two. Note that, the flatness of the magnetic record
substrateswasmeasuredinasimilarwaytothemea
of the glass blanks.

[0320]

Next, the produced magneticrecording medium glass
used to form an adherent layer, an undercoat layer,
a protective layer, and a lubricant layer in the st
mainsurface ofthe magneticrecordingmediumglass
amagnetic recording medium. First, afilm-forming
vacuuminghad been performedwas usedtoformseque
layer, the undercoat layer, and the magnetic layer
by using a DC magnetron sputtering method. Atthat
layerwas formed by using a CrTitarget sothatan
having a thickness of 20 nm was formed. Subsequent
wafer/stationaryopposedfilm-formingapparatuswas
havingathicknessofl0nmmadeofamorphousCrRu
inanAratmospherebyusingaDC magnetronsputter
the magnetic layer was formed at a film-forming tem

byusinganFePttargetoraCoPttargetsothatan
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ated order on the
substrate, yielding
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ntially the adherent
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time, the adherent
amorphous CrTilayer
ly, a single
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astheundercoatlayer
ingmethod. Further,
perature of 400°C

amorphous FePtlayer



152press mold body 152A press-molding surface 152E pushed surface 154guide member 154A guide
surface 154E pushed surface 156first pushing member 156A pushing surface 156E surface opposite
to pushing surface 156A 156H through hole 158second pushing member 160second press mold

oranamorphous CoPtlayereachhavingathickness of200nmwas formed.
Afterthefilmformationuptothe magneticlayerf inished, the magnetic
recording medium was transferred from the film-form ing apparatus to a
heating furnace and annealed at a temperature of 65 0 to 700°C.

[0321]

Next, a protective layer made of hydrogenated carb on was formed
byaCVDmethodusingethyleneasamaterialgas. Afterthat,alubricant
layer made using perfluoropolyether (PFPE) was form ed by adip coating
method. Thethicknessofthelubricantlayerwasl nm. Themanufacturing
steps described above provided magnetic recording m edia.

[0322]

The flatness of the magnetic recording media obtai ned by using
the glass blanks of Example Al to A8 was 4 um, which was substantially
similartotheflatnessofthemagneticrecordingm ediumglasssubstrates
usedinproducingthe magneticrecording media. And the flatness ofthe
magnetic recording media obtained by using the glas s blanks of Example
A9was3 um,whichwassubstantiallysimilartotheflatness ofthemagnetic
recordingmediumglasssubstratesusedinproducing themagneticrecording
media. Note that, the flathess of the magnetic rec ording media was
measuredinasimilarwaytothe measurementofthe flatnessoftheglass
blanks.

[0323]

<Comparative Example B1>

The glass blanks produced in Comparative Example A lwereusedto
produce magnetic recording medium glass substrates. Note that, the
magnetic recording medium glass substrates were pro duced in the same
mannerasinExample Blexceptthatthelappingste pwasfurthercarried
outwiththe grinding allowance being settobe 50 pum afterthe endface
waspolishedandbeforethefirstpolishingwascar riedout. Theobtained
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162A press-molding surface 164guide member 164A guide surface 170support member 200press
mold CLAIMS [Claim 1] A method of manufacturing a glass blank for a magnetic recording
medium glass substrate, comprising at least: a first pressing step of pressing a falling molten

glass g?Pa‘HHQtF&.ﬁé%‘bpgﬁgs Al ﬁjv‘ﬂiﬁé%ﬁ%ﬂﬁeeéﬁ 9iq placed so as tﬁtggc%‘?aﬁ)l‘ﬁ%?@rdoj%ga‘:h other in

a directioncrossing a direction in the molten glass gob falls to form th Ing molten glass gob
into a piaig, shedftral hold SREMW SESEIRGNSIEhRIGRRENING to press, withdhedfirahareasamold and the
second press mold, plate glass formed between the first press mold and the second press mold; and

a takingsatfaste of hafters ti® saoand| psesImgtstapthmoving the first preagsmeskbarie iessecond press
mold away from each other and taking out the plate glass sandwiched between the first press mold
and thelapkpdsgisshepidcodsenginasls at least dufihyhd esdatimeased e digcpressing step and
the second pressing step are carried out, the temperature of a press-moldig{g surface of the first press

mold arlB3ABYBAFERARIRY S PrEY s RiNG EaiFE kS the second preéds MAGSFE YR Eshtially the

Same, that the flatness was greatly improved.

[0324]

Next,theobtainedmagneticrecordingmediumglass
usedtoproducemagneticrecordingmediainthesam
B1l. Theflatnessoftheobtainedmagneticrecordin
wassubstantiallysimilartotheflatnessofthema
glass substrates used in producing the magnetic rec
[0325]
<Comparative Example B2>
Magneticrecordingmediumglasssubstratesandmag
mediawereproducedinthesamemannerasinCompar
that the lapping step was eliminated. The flatness
magneticrecordingmediumglasssubstratesandmagn

were substantially the same as the flatness of the

substrateswere
emannerasinExample
gmediawas4  um,which

gneticrecordingmedium

ording media.

neticrecording
ativeExampleBlexcept
es of the obtained
eticrecordingmedia

glass blanks used

in the processing.

[Reference Signs List]

[0326]
10 molten glass effluent pipe
12 glass outlet
20 molten glass flow
22 forward end portion
24 molten glass gob

26 plate glass

30 lower side blade (shear blade)
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in the first pressing step, the molten glass gob is pressed after the press-molding surface of the first
press mold and the press-molding surface of the second press mold are brought into contact with the
molten glass gob substantially at the same time; and the duration time of the second pressing
step is %%ntroll%ggyél%@tﬁ(me flatness of the glass blank for a magnetic recording medium glass
substrate is 10 pm-or less. [Claim 2] A method of manufacturing a glass blank for a magnetic
recording; medigipy@iasspbstrate according to claim 1, wherein the duration time of the second
pressing step is selected so that the temperature of the plate glass when the second pressing step is
completetls atuppst eqtfakto (of lolaves fhami@andemperature which is 10C higher than the strain point of
a glass material forming the plate glass. [Claim 3] A method of manufacturing a glass blank for a
magnet&ARcortfing neediane dridy admswate akcording to claim 1 or 2, further comprising a molten
glass gob forming step of causing molten glass to fall from a glass outlet and cutting a forward end
portion 8P a moteRegIALE RIRPEN IS RRFfdwing out downward in the vertical direction. [Claim 4]

A methg% of mgga&acgurﬂng a glass blank for a magnetic recording medium glass substrate according
to claim whefein the viscosity of the molten glass is in a range of 500 dPa.s to 1,050 dPa.s.

44 blade portion
44U upper surface (of blade portion)
44B lower surface (of blade portion)
50 first press mold
50S press mold
52 press mold body
52A  press-molding surface
52B pushed surface
54 guide member
54A  guide surface
54B pushed surface
56 first pushing member
56A  pushing surface
56B  surface opposite to pushing surface 56A
56H through hole
58 second pushing member
60 second press mold
62 press mold body
62A  press-molding surface
64 guide member
64A  guide surface
[0327]

110 molten glass effluent pipe
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[Claim 5] A method of manufacturing a glass blank for a magnetic recording medium glass
substrate according to any one of claims 1 to 4, wherein the first press mold and the second
press mold are placed so as to be opposed to each other in a direction perpendicular to the direction in
which t 915710It ggaggc?eqb falls. [Claim 6] A method of manufacturing a glass blank for a
magnetlc recording medium glass substrate according to any one of claims 1 to 5, wherein the
temperatpige of thepresednalding surfaces of the first press mold and the second press mold
immediately before the first pressing step is carried out is equal to or lower than a temperature which
is 10C higher thawthe strdipgaimt of a glass material forming the molten glass gob. [Claim 7] A
method of manufacturing a glass blank for a magnetic recording medium glass substrate according to
any oneldftclaimsltefo@ass gowherein the press pressure in the second pressing step is reduced with
time. [Claim 8] A method of manufacturing a glass blank for a magnetic recording medium glass
substraﬂezﬁccoptﬁﬁﬁﬁ #2GRim 7, wherein the press pressure is reduced when the temperature of
the platil[%csslggvrégvgll%e%j bqee er(]an thgl firs épress mold and the second press mold is lowered into a

range o from the defromati nep%rlnt glass material forming the plate glass.

body portion
134 blade portion
134U upper surface (of blade portion)
134B lower surface (of blade portion)
140 upper side blade (shear blade)
142 body portion
144 blade portion
144U upper surface (of blade portion)
144B lower surface (of blade portion)
150 first press mold
150S press mold
152 press mold body
152A press-molding surface
152B pushed surface
154  guide member
154A guide surface
154B pushed surface
156  first pushing member
156A pushing surface
156B surface opposite to pushing surface 156A
156H through hole
158 second pushing member

160 second press mold
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[Claim 9] A method of manufacturing a glass blank for a magnetic recording medium glass
substrate according to any one of claims 1 to 8, wherein, during the second pressing step is
carried out, one surface of the plate glass and the press-molding surface of the first press mold are
always %E}tims};gs%op%tgﬁt M\ngeach other without a gap and the other surface of the plate glass and
the press-molding surface of the second press mold are always in intimate contact with each other
without 8egap. el dOliing sArethod of manufacturing a glass blank for a magnetic recording
medium glass substrate according to any one of claims 1 to 9, wherein the duration time of the
second psessirguiteprisrabeirolled so that the flatness of the glass blank for a magnetic recording
medium glass substrate is 4 pm or less. [Claim 11] A method of manufacturing a glass blank for a
magnetiSretordingensediafe glass substrate according to any one of claims 1 to 10, wherein
regions in contact with at least the plate glass of the press-molding surfaces of the first press mold and
the secdidl preS¥PRRitiBFE Y5bhstantially flat surfaces. [Claim 12]

200 press mold
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A method of manufacturing a magnetic recording medium glass substrate, comprising at least:
manufacturing a glass blank for a magnetic recording medium glass substrate, comprising at least:

a first pressing step of pressing a falling molten glass gob with a first press mold and a second press
mold placed so as to be opposed to each other i%BAqu/&ction crossing a direction in which the molten
glass gob falls to form the falling molten glass gob into a plate shape; a second pressing step of
continuing to press, with the first press mold and the second press mold, plate glass formed between
the first press mold and the second press mold; and a taking out step of, after the second
pressing step, n@aingithe first press mold and the second press mold away from each other and
taking out the plate glass sandwiched between the first press mold and the second press mold; and
after that, a polfsHIAY bRl HTBliasig htedrp A asdUas lofothe REs blank for a mataEteaEtnading
medium glass substrate, wherein: .at least during a period in which the first pressing step and the
second PRENAPASD OTEMRLOMPIRRRADEAre of a press-molding surface of the first press
mold and the terﬁpetrature.of atgres§§moldi2(fa§g[face of hr(? second press mold are sut%staﬂ]tially the

. Iter,
same; in the fir rgrséc's'g Sg srt)eop, {he moiten g|ggsmg(])oe is pressed after the Br%%-‘%%o%%lng surface

of the fitst IEsRAOIH ARG HaeessHNQIdng %ﬁfﬁﬁ@a@é&h@ second press mld@iigRypHELE into
contact with the molten glass gob substantially at the same time; and the duration time of the

second fpreasingtstepi nsaconieiies o ¢satdhedirioess of the glass blank ferwahmeagnetiadrearding
medium glass substrate is 10 pm or less. [Claim 13]

glassgobfallstoformthe falling moltenglass go

bintoaplate shape;

asecondpressingstepofcontinuingtopress,wit
mold and the second press mold, plate glass formed
press mold and the second press mold; and

ataking out step of, after the second pressing st

hthefirstpress

between the first

ep, moving the

firstpressmoldandthesecondpressmoldawayfro
outtheplateglasssandwichedbetweenthefirstpr

press mold, wherein:

atleastduring aperiodinwhich the first pressi

secondpressingsteparecarriedout,thetemperatu
surface of the first press mold and the temperature

surface of the second press mold are substantially

inthe first pressing step, the moltenglassgobi

the press-molding surface ofthe firstpress mold a
surfaceofthesecondpressmoldarebroughtintoc

glass gob substantially at the same time; and

the duration time of the second pressing step is ¢

that the flatness of the glass blank for a magnetic

glass substrate is 10 um or less.

[Claim 2]
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A method of manufacturing a magnetic recording medium glass substrate according to claim 12,
wherein the duration time of the second pressing step is selected so that the temperature of the
plate glass when the second pressing step is completed is at least equal to or lower than a

temperature whjch i ' the s [ i aterial formin ] ass.
[Claim 14] 'RXH réwi}%m% fﬁ%@?\% gjcr:}turﬁl%;%%#a%%g%ggg%ﬁ%nmedium glass&s%]ggghgt@ﬁcording to

claim 12.@4ka3n glasyvbipssiratdeslamansofdhegiags blank for a magnetic recording medium glass
substrate and the flatness of the magnetic recording medium glass substrate are substantially the

same. [Claim 1@hereinfhmetinatonit marfihetadogna pragsietc recording mediuey caalprdsitg at least:
manufacturing a glass blank for a magnetic recording medium glass substrate, comprising at least:

a first pREISIAG edpan Prissef B fliidis makewhgadbgyob with a first pré@somdii &sfing sdbnd press
mold placed so as to be opposed to each other in a direction crossing a direction in which the molten

glass gbbFAMPIBIRSHS BT MO A YL dBRNAD a plate shape:  €MPerall& Wi dfessing

step of cantinuing to, press, with the first press mald and the second press,maold, plate glass formed
DetweeninG Al BraTh s AA B LA A S et and TR SRERY ater te

second prgssing step, moving the first press mold and the second press mold away from each other
and taking out the plate glass sandwiched between the first press mold and the second press mold;
after that, manufacturing a magnetic recording medium glass substrate, comprising at least a polishing
step of polishing main surfaces of the glass blank for a magnetic recording medium glass substrate;
and further, [Claim 3]

A method of manufacturing a glass blank fora magn eticrecording

medium glass substrate according to claim 1 or 2,

furthercomprisingamoltenglassgobformingstep ofcausingmolten
glass to fall from a glass outlet and cutting a for ward end portion of
a molten glass flow continuously flowing out downwa rd in the vertical
direction.

[Claim 4]

A method of manufacturing a glass blank fora magn eticrecording

medium glass substrate according to claim 3,
wherein the viscosity of the molten glass is in a range of 500

dPa-s to 1,050 dPa-s.

[Claim 5]

A method of manufacturing a glass blank fora magn eticrecording
medium glass substrate according to any one of clai ms 1 to 4,

whereinthe first press mold and the second press mold are placed
so as to be opposed to each other in a direction pe rpendicular to the

direction in which the molten glass gob falls.

168



manufacturing a magnetic recording medium, comprising at least a magnetic recording layer-forming
step of forming a magnetic recording layer on the magnetic recording medium glass substrate,
wherein: at least during a period in which the first pressing step and the second pressing step are
carried out, the N)Regature of a press-molding surface of the first press mold and the temperature of
a press-moldin& surtface of the second press mold are substantially the same; in the first pressing
step, the molteR glaasoaal isdHesced-aftes fresriessimelding.swface of the first gwessgnglhand the
press-molding surface of the second press mold are brought into contact with the molten glass gob
substantiakiyuah tie same titreeanct ordin ghe dunaiboe el af the second pressingestep is controlled so
that the flatness of the glass blank for a magnetic recording medium glass substrate is 10 pm or less.
[Claim 16] Wh enethide EpRenafagafihg R eragnetii nesbrting medium acceedipighefdkiim 15,
wherein the duration time of the second pressing step is selected so that the temperature of the plate
glass wRETS HTRCLEARHE e SRl Gapmo PRI 58 Bleast equal td BRIBRESTRATSE mperature
which is 10C hi%her Ep.an the straiptBooim é)\x/ a h’;\ss mfatr%rial forming the plat%%l ss.\L%lI%hm 17] A

S S rr out'is egua an e . . .
method of fanutac urlnLé a mgﬁnetlc recording edium according to claim™5 or 16 wherein the

flatness, o i ghaseRRNICTON & MARGNRHE [Reosdingmedium glass subsiiaigang dherigiaess of the

magnetic recording medium glass substrate are substantially the same.

glass gob.

[Claim 7]

A method of manufacturing a glass blank fora magn
medium glass substrate according to any one of clai

whereinthe presspressureinthe second pressing

with time.

[Claim 8]

A method of manufacturing a glass blank fora magn
medium glass substrate according to claim 7,

whereinthe presspressureisreducedwhenthetem
plateglasssandwichedbetweenthefirstpressmold
mold is lowered into a range of £30°C from the defr

glass material forming the plate glass.

[Claim 9]

A method of manufacturing a glass blank fora magn
medium glass substrate according to any one of clai

wherein,duringthesecondpressingstepiscarrie
ofthe plate glassandthe press-molding surface of

are always in intimate contact with each other with
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[Claim 18] A method of manufacturing a glass blank for a magnetic recording medium glass
substrate, comprising at least a press-molding step of press-molding a falling molten glass gob with a
first press mold and a second press mold placed so as to be opposed to each other in a direction

crossin%ﬁ;1 g’jrg&'qggei%ﬁﬂgoligg}gagjggggr%qﬁ% %]Qgggﬁomherein: at least tn\egf'grg;fgg S5t %%Id at least

comprises: a press mo Ing a press-molding surface; and a guide member having
at least {peJHApHOSS of TNARERIRIRG & SiHksianbiabiv fhced distance betweendhenRiges wilging surfaces
of the first press mold and the second press mold in the press molding, by, when pushed to the side of
the secanghpress mold which is placed so as to be opposed to the press-molding surface, being
brought into contact with a part of the second press mold which is placed so as to be opposed to the
press-molding surface; and the press-molding step comprises: a first step of forming the
molten glass gob into plate glass by bringing the first press mold and the second press mold closer
together until ti{g'ﬁ‘fmjs%ember of the first press mold and the second press mold are in contact with

each other; an(% ethod of %%%?Qgtgtﬁp %f QOQQBWHQ fo press nWith the press i oldreb%ch?igf the first
press mold an the secon press Mol ,%hegp?ate glass with tﬁg guide member 0 the firs prgess mold

and the segaNd gress 18K ReNGIRLramaeh with eaehupthgr [Claim 19]  Amgthod of
manufacturing a glass blank for a magnetic recording medium glass substrate according to claim 18,
wherein: each ofrifbe:firsiquessiomiechaofibscssecepdgysagsnold at least  tepiscontrolled

sothatthe flathess of the glass blank fora magne ticrecording medium
glass substrate is 4 um or less.

[Claim 11]

A method of manufacturing a glass blank fora magn eticrecording
medium glass substrate according to any one of clai ms 1 to 10,

wherein regions in contact with at least the plate glass of the
press-moldingsurfacesofthefirstpressmoldand thesecondpressmold

are substantially flat surfaces.

[Claim 12]

A method of manufacturing a magnetic recording med ium glass
substrate, comprising at least:

manufacturingaglassblankforamagneticrecordi ngmediumglass

substrate, comprising at least:

a first pressing step of pressing a falling molte n glass
gob with a first press mold and a second press mold placed so as to be
opposed to each other in a direction crossing a dir ection in which the
moltenglassgobfallstoformthefallingmolteng lassgobintoaplate
shape;

asecondpressingstepofcontinuingtopress,wi ththefirst
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comprises: a press mold body having a press-molding surface; and a guide member having
at least the function of maintaining a substantially fixed distance between the press-molding surfaces
of the first press mold and the second press mold in the press molding, by, when pushed to the side of

the othes pLes Sﬁ‘é)'gn\ﬁqbc@ é%@é%%&é?s%&?db%ﬁgﬁ?f tp the pfess-mO'QMa%gqa%e%emg brought

into contact with a part of the other press mold w s placed so as to be opposed to the
press-mpldingeaurfacti and e Jish steprissearring. by bringing the first press mold and the second
press mold closer together until the guide member of the first press mold and the guide member of the
second press mold areabakingfaiuirit: poniice mitbseach dphessans the second step,is@arried out by
continuing to press, with the press mold body of the first press mold and the press mold body of the
second PREESHGRE AW |5l &tedgRessanRN dRsepgia A @MBer of the first présemesianeid ehanslide
member of the second press mold being in contact with each other. [Claim 20] A method of
manufatRNEPH R 8'BIAKASE SANAYHARI Ry ATddium glass substdR SER81AIAG S claim 18 or
19, furtré%r ¢ mprisinlgoa}dnglt(an glass gob forming step of causing molten glass to fall from a

t ! : . )
glass ou}ﬁ%tsan cut?lr?gssé orward end portion of a molten glass flow continuously flowing out

downward in therertical dirsshonniCiaip sihéiatios ahnaanufacturing a glass blagk faraemagnetic
recording 175

glass blank for a magnetic recording medium glass s ubstrate, wherein:

atleastduring aperiodinwhich the first pressi ng step andthe
secondpressingsteparecarriedout,thetemperatu reofapress-molding
surface of the first press mold and the temperature of a press-molding
surface of the second press mold are substantially the same;

inthe first pressing step, the moltenglassgobi s pressed after
the press-molding surface ofthe firstpress mold a ndthe press-molding
surfaceofthesecondpressmoldarebroughtintoc ontactwiththemolten

glass gob substantially at the same time; and

the duration time of the second pressing step is ¢ ontrolled so
that the flatness of the glass blank for a magnetic recording medium
glass substrate is 10 um or less.

[Claim 13]

A method of manufacturing a magnetic recording med ium glass

substrate according to claim 12, wherein

the durationtime ofthe second pressing stepiss elected sothat
the temperature of the plate glass when the second pressing step is
completedisatleastequaltoorlowerthanatemp eraturewhichis 10°C
higherthanthestrainpointofaglassmaterialfo rmingtheplateglass.
[Claim 14]
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medium glass substrate according to claim 20, wherein the viscosity of the molten glass is in a
range of 500 dPa.s to 1,050 dPa.s. [Claim 22] A method of manufacturing a glass blank for a
magnetic recording medium glass substrate according to any one of claims 18 to 21, wherein the

first Id - - dt h ' directi
ot ress OISR N e i en e appEeed 0 e afrpgrecton

perpendicular to the direction in whic olte
manufagtiying & 2lassrhlaghkdosiaimagnstig secording medium glass substrate according to any one of
claims 18 to 22, wherein the duration time of the second step is controlled so that the flatness of
the glass blankviae eemalgm étienkessontling meskmgleies subsjrate is 10 pm or lessc|@uindiag] A
method of manufacturing a glass blank for a magnetic recording medium glass substrate according to
any onesiidngta$8 183 ate andiferidainpesafieitatime of the secorfdistepdsisetenesiusd that the
temperature of the plate glass when the second step is completed is at least equal to or lower than a

temper &G FHRH' R FEehniyRaiaRHA the&rsifBoint of a glass material forming the plate glass.

[Claim 15]

Amethodofmanufacturingamagneticrecordingmed ium,comprising
at least:

manufacturingaglassblankforamagneticrecordi ngmediumglass

substrate, comprising at least:

a first pressing step of pressing a falling molte n glass
gob with a first press mold and a second press mold placed so as to be
opposed to each other in a direction crossing a dir ection in which the
moltenglassgobfallstoformthefallingmolteng lassgobintoaplate
shape;

asecondpressingstepofcontinuingtopress,wi ththefirst
press mold and the second press mold, plate glass f ormed between the

first press mold and the second press mold; and

atakingoutstepof,afterthesecondpressings tep,moving
the first press mold and the second press mold away from each other and
taking out the plate glass sandwiched between the f irst press mold and

the second press mold;

after that, manufacturing a magnetic recording med ium glass
substrate,comprisingatleastapolishingstepof polishingmainsurfaces
ofthe glass blank foramagneticrecording medium glass substrate; and
further,

manufacturing a magnetic recording medium, compris ing at least
amagneticrecordinglayer-forming step offorming amagneticrecording
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[Claim 25] A method of manufacturing a glass blank for a magnetic recording medium glass
substrate according to any one of claims 18 to 24, wherein the absolute value of the difference
between the temperature of the press-molding surface of the first press mold and the temperature of
the prquggro%ﬂ:r}g és%é%cf ﬂgtnee g &gladnperg L%fgny&? ptely before th%%rs\tNE r%iiﬁ:carried out is
in a range of 0C to 10C. (e: aim 5 T A'method of manufacturing a glass blank for a magnetic
recording medigmeglass, sBsiste AERAHING tnamsone gficlaims 18 to 25,  gwheseindhif.absolute
values of the temperature differences within the press-molding surfaces of the first press mold and the
second sressdpodd sinpywdadedc haferothetfiest stppristcarried out is in agefigeefO@daiROC. [Claim
27] A method of manufacturing a glass blank for a magnetic recording medium glass substrate
accordingrfeem9fone foiseRiess 1o 26 edrstrperaturgt least during a péefiad iAsaHM dHE
press-molding step is carried out, the temperature of the press-molding surface of the first press mold
and the YeHA& AulREoT A8 ELESR AIRITYLERAES G ¥econd press mold'§ré&Bstantially the
same; and . the .olgen %Iass gt()e%i§rﬁres -molded af(;tgri the press-molding surfaceegg} eerfirst press

t )
mold and the pI%SS?I’TI]rO |rr18 Surtace of the second %?gsqs mold are brought into CoRtact with the molten

glass geResitesantialy-Ridhe Raree e stelaisd #8ld a nd the press-molding

surfaceofthesecondpressmoldarebroughtintoc ontactwiththemolten

glass gob substantially at the same time; and

the duration time of the second pressing step is ¢ ontrolled so
that the flatness of the glass blank for a magnetic recording medium
glass substrate is 10 um or less.

[Claim 16]

A method of manufacturing a magnetic recording med ium according
to claim 15,

whereinthe durationtime ofthe second pressings tepisselected
sothatthetemperature ofthe plate glasswhenthe secondpressingstep
is completed is at least equal to or lower than a't emperature which is
10°C higherthanthe strain point of aglass materi alforming the plate
glass.

[Claim 17]

A method of manufacturing a magnetic recording med ium according

to claim 15 or 16,
wherein the flatness of the glass blank fora magn eticrecording
mediumglasssubstrateandtheflatnessofthemagn eticrecordingmedium

glass substrate are substantially the same.
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A method of manufacturing a glass blank for a magnetic recording medium glass substrate according
to any one of claims 18 to 27, wherein the second step continues until the temperature of the plate
glass is at least equal to or lower than a temperature which is 10C higher than the strain point of a
glass material f@rmiip]gl plate glass. [Claim 29] A method of manufacturing a glass blank for a
magnetic recording medium glass substrate according to any one of claims 18 to 28, wherein the
press pressure/ifibmsaeanshaiaassalysefasibiimerdCliamg0l A methedgbmpaufgcturing a
glass blank for a magnetic recording medium glass substrate according to claim 29, wherein the
press presdium igleaduseosiwhen dwnipriypegatitre afthepkaie glass sandwiched ldétyesspthes first press
mold and the second press mold is lowered into a range of 30C from the defromation point of a glass
materiaPf6a®iMyP i@ plata hiagsn piiRing3sp gob wimaHid of manufacturingtP(rassMmhridr a
magnetic recording medium glass substrate according to any one of claims 18 to 30, . wherein the
flatnessPGE A GRIES HIRANR RGFGE ARQ5EtRG RRBAFRY Redium glass sBSERHIE 3B I5A G ess. [Claim

32] crossing a direction in which the molten glass gob falls, wherein:

at least the first press mold at least comprises:

a press mold body having a press-molding surface; and

aguide member having atleastthe function of ma intaining
a substantially fixed distance between the press-mo Iding surfaces of
the first press mold and the second press mold in t he press molding,
by, when pushed to the side of the second press mol d which is placed
so as to be opposed to the press-molding surface, b eing brought into
contact with a part of the second press mold which is placed so as to

be opposed to the press-molding surface; and

the press-molding step comprises:

afirststepofformingthemoltenglassgobinto plateglass
bybringingthefirstpressmoldandthesecondpre ssmoldclosertogether
untilthe guide member ofthefirstpress mold and the second press mold

are in contact with each other; and

a second step of continuing to press, with the pr ess mold
body of the first press mold and the second pressm old, the plate glass
with the guide member of the first press mold and t he second press mold

being in contact with each other.

[Claim 19]

A method of manufacturing a glass blank fora magn eticrecording
medium glass substrate according to claim 18, where in:

each of the first press mold and the second press mold at least
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A method of manufacturing a glass blank for a magnetic recording medium glass substrate according
to any one of claims 18 to 31, wherein the flatness of the glass blank for a magnetic recording
medium glass substrate is 4 pm or less. [Claim 33] A method of manufacturing a glass blank for a
magnetgcohqgﬁg%igzg medium glass substrate according to any one of claims 18 to 32, wherein
regions in contact with at least the plate glass of the press-molding surfaces of the first press mold and
the second press moldyase-g4hatantiniy, fist srgacese {S1aiB1d3AY surrddnethod of manufggiuring a
glass blank for a magnetic recording medium glass substrate according to any one of claims 18 to 33,
wherein each of the firatguieesaoitdearme tivey s oot pressnetodd édrter comprises:  intaininga first
pushing member for pushing at the same time the press mold body and the guide member in a
directiod peRséadiaiafixethdiprarsenhsiaiieg SirRdEeR3dmo the side of the Biter prefeseraM placed so
as to be opposed to the press-molding surface; and a second pushing member for, after the

first pudiind MeRiBet AL 6iGEGRRMBE S UDEH of the other presRSPSRFHIFEHE LS as to be

opposed to the press-malding surface inta.contact with each other, pushing the press mold body in a
directiog Bf)’e\’\rlﬁgrrf |33T]zfrrﬂ[%ot#1he%§r'é{ses?crﬁ8%%t§%ru?fggg Qr?g(?to the side of the‘l\%{ﬁﬁr'gppers%%er%%% placed so
as to be,opassshis thrArRssaaeldismmyiareadCigim 35 A metgadelmandiasiving a magnetic
recording medium glass substrate, comprising at least:

with a part of the other press mold which is placed so asto be opposed

to the press-molding surface;

the first step is carried out by bringing the firs t press mold
andthe second press mold closertogether until the guide member of the
firstpressmoldandtheguidememberofthesecond pressmoldarebrought

into contact with each other; and

the second step is carried out by continuing to pr ess, with the
press mold body of the first press mold and the pre ss mold body of the
second press mold, the plate glass with the guide m ember of the first
pressmoldandtheguidememberofthesecondpress moldbeingincontact

with each other.

[Claim 20]
A method of manufacturing a glass blank fora magn eticrecording

medium glass substrate according to claim 18 or 19,

furthercomprisingamoltenglassgobformingstep ofcausingmolten
glass to fall from a glass outlet and cutting a for ward end portion of
a molten glass flow continuously flowing out downwa rd in the vertical
direction.

[Claim 21]

A method of manufacturing a glass blank fora magn eticrecording
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manufacturing a glass blank for a magnetic recording medium glass substrate, comprising at least a
press-molding step of press-molding a falling molten glass gob with a first press mold and a second
press mold placed so as to be opposed to each other in a direction crossing a direction in which the

molten g{!@ﬁ%uﬂ?f?l%?éegrgérate aacfé%;gnhﬁt% B?Ai?pi%’ step of polishing main surfaces of the glass

blank for a magnetic recording me ass substrate, wherein: at least the first press mold at least
comprises: a pigssraAlchRody RN P REesDRAIgIRG Sty Trecs; and a gyigg enenaer having
at least the function of maintaining a substantially fixed distance between the press-molding surfaces
of the fittt press motd atrhtbe second press mold in the press molding, by, when pushed to the side of
the second press mold which is placed so as to be opposed to the press-molding surface, being
brought into contact with a part of the second press mold which is placed so as to be opposed to the
press-molding surface; and the press-molding step comprises: a first step of forming the
molten glass géS'FHfB %Qte glass by bringing the first press mold and the second press mold closer
together until t uide member of the first press, mold .and the second press mold are in.contact with
each other; angfnge{ﬁoqr%?én é‘é‘gﬁ‘fé%@ Sfch%% irqu%rqg ft%rgrrgsasqnwith the press r%t(')(ici%:c?drg/'gf’the first
press malchand igssesand migsscaitigintheorale aHassiwith the guide membgrigf the first press mold
and the second press mold being in contact with each other. [Claim 36] A method of
manufacturing aaaginetie fieeqycivg madiam glass sobspaiesaccording to claimab.are placed

so as to be opposed to each other in a direction pe rpendicular to the

direction in which the molten glass gob falls.

[Claim 23]

A method of manufacturing a glass blank fora magn eticrecording
medium glass substrate according to any one of clai ms 18 to 22,

whereinthedurationtime ofthesecondstepisco ntrolledsothat
the flatness of the glass blank for a magnetic reco rding medium glass
substrate is 10 um or less.

[Claim 24]

A method of manufacturing a glass blank fora magn eticrecording
medium glass substrate according to any one of clai ms 18 to 23,

wherein the duration time of the second step is se lected so that
the temperature of the plate glass when the second step is completed
is at least equal to or lower than a temperature wh ich is 10°C higher
than the strain point of a glass material forming t he plate glass.

[Claim 25]

A method of manufacturing a glass blank fora magn eticrecording
medium glass substrate according to any one of clai ms 18 to 24,
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wherein the flatness of the glass blank for a magnetic recording medium glass substrate and the
flatness of the magnetic recording medium glass substrate are substantially the same. [Claim 37]
A method of manufacturing a magnetic recording medium, comprising at least: manufacturing a

glass blank for 3y [DAGRIG FERAIEING e plasRcubayate. comprising al easta piassypolding step

of press-molding a falling molten glass gob with a first press mold and a second press mold placed so
as to be,ppRFEINRAGH Sthefdbed HifeslionrEassiag a direction in whigh e Brehenedassgob falls;
after that, manufacturing a magnetic recording medium glass substrate, comprising at least a polishing
step of pélishpngssaio Igitpnesaakibierglassdidpkess managnetic recortting metiatelydlagsrsubstrate;
and further, manufacturing a magnetic recording medium, comprising at least a magnetic
recordirtadyiet-riamilsgesisis dfdoiising a magaeidrécording layer on the nfadRéfic recording medium
glass substrate, wherein: at least the first press mold at least comprises: a press mold body having a
press-molding surface; and a guide member having at least the function of maintaining a
substantially fi)f;qa(?riﬁt pee between the press-molding surfaces of the first press mold and the second
press mold in the press molding, by, when pushed to the side of the second press mold which is

placed so as topge,&gggsﬁ%%%&(ﬁﬁﬁrg@\@@@gﬁf@gﬁ,mwmought into cqiytiack withiapart of the
second press mold which is placed so as to be opposed to the press-molding surface; and the

press-moktingrstepseosnpeaese according to any one of clai

whereintheabsolutevaluesofthetemperaturedif
the press-molding surfaces of the first press mold
mold immediately before the first step is carried o

0°C to 100°C.

[Claim 27]
A method of manufacturing a glass blank fora magn
mediumglass substrate accordingtoanyone ofclai
atleastduringaperiodinwhichthepress-moldin
out, the temperature of the press-molding surface o
moldandthetemperatureofthepress-moldingsurfa
mold are substantially the same; and
themoltenglassgobispress-moldedafterthepre
ofthefirstpressmoldandthepress-moldingsurfa
mold are brought into contact with the molten glass

at the same time.

[Claim 28]
A method of manufacturing a glass blank fora magn
medium glass substrate according to any one of clai

wherein the second step continues until the temper
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a first step of forming the molten glass gob into plate glass by bringing the first press mold and the
second press mold closer together until the guide member of the first press mold and the second

press mold are in contact with each other; and a second step of continuing to press, with the
press mald bop. 9t thg USLPLESS Me'd d0ddhe,3Ecpd press mold, plate glass.with (e gpjde member
of the :‘Ti})gt pr§sssm(|)% anc? the%econd ;r)ress mo?cﬁbe?fé\jg in contact with eact?ot%er. [g)lalim 38] A

method @f-anHactHERSRR NAIASEEeRAdiRgsRRARIM according to claiMatfing thayhgeein the
flatness of the glass blank for a magnetic recording medium glass substrate and the flatness of the

magnetwlaesording medium glass substrate are substantially the same. [Claim 39] An apparatus
formanufacturinga glass blank for amagnetic recording medium glass substrate, comprising at least:

a molten glass effluent pipe including an outlet through which a molten glass flow falls downward in the
vertical direction; = a pair of shear blades placed so as to be opposed to each other in a direction
substantially pe{FH@HHiga ar to a direction in which the molten glass flow flowing out from the molten
glass effluent pj Fﬁé?#s Q rQOF\hu%%?usri%f th %isre%tligrr]llgpo\{vgir%h the molten glass ftll%vxr/ fg(l)lrs ifnor cutting a
forward end portion ofot%e molten glass om?lby?)elng inserted mto the molten g?ass ﬁow?ro?n both

sides theenlite ipsasamRtpndasorARgaBthny o2 SERIESS Mold and aggcanehpsgss mold placed
SO as to be opposed to each other in a direction substantially perpendicular to the direction in which

the molten glassigobifatingrdesprassdra i vedioal stspaiion educedwithtime.
[Claim 30]
A method of manufacturing a glass blank fora magn eticrecording

medium glass substrate according to claim 29,

whereinthe presspressureisreducedwhenthetem perature ofthe
plateglasssandwichedbetweenthefirstpressmold andthesecondpress
mold is lowered into a range of £30°C from the defr omation point of a

glass material forming the plate glass.

[Claim 31]

A method of manufacturing a glass blank fora magn eticrecording
medium glass substrate according to any one of clai ms 18 to 30,

wherein the flatness of the glass blank fora magn eticrecording
medium glass substrate is 10 um or less.

[Claim 32]

A method of manufacturing a glass blank fora magn eticrecording
medium glass substrate according to any one of clai ms 18 to 31,

wherein the flatness of the glass blank for a magn eticrecording
medium glass substrate is 4 um or less.
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falls, on both sides of the direction in which the molten glass gob falls, for press-molding the molten
glass gob into plate glass by sandwiching the molten glass gob from both sides thereof, wherein at
least the first press mold at least comprises: a press mold body having a press-molding surface;

a guide membibt%q}q%ilt least the function of maintaining a substantially fixed distance between the
press-molding Surfaces of the first press mold and the second press mold in the press molding, by,
when pushed ta ihe:siste ian seeand 88700kl amhicdt istiaged so as to be gpposestimine
press-molding surface, being brought into contact with a part of the second press mold which is placed
S0 as tonbelappageasste ibstprasadvotding suageine of clai a first pushingweeraherdpy pushing at the
same time the press mold body and the guide member in a direction perpendicular to the
press-molding d(¢aes apdiedsHe spidastivdhsatnaspieeditsld placed so as to Edagspidéd to the
press-molding surface; and _asecond pushing member for, after the first pushing member
brings tRESGRIA HEABRI aReSL ARTBPIRESSSENY BPEss mold placed sB'8ST6BE BB tb the
press-mg@in&gyrm%ﬁlinwa{:gn'g%:éé/gith each other, pushing the press mold body in a direction
perpen(?lcu[%\r o the prgss-mo ding surface and to the side of the second press mold placed so as to
be opposed to the press-molding surface. [Claim 40] A method of manufacturing a glass blank for
a magnetic recording medium glass substrate, comprising a press-molding step of press-molding a
plate glass by dceaity pagssing a molten glass gob by using a pair of press molds which are placed so
as to be opposed to each other and have substantially the same temperature, wherein the
press-molding éteretholdidém gontariininmagsss thiemkditea HR®S gob by the padtiofrpeesdingolds until
the temperature of the molten glass gob is equal to or lower than a temperature which is 10C higher

than a SHafHYIBIRIESH S Y RENTREHAl FRrhIRAINe PISE TR RS, [Claim 41]  MSAF@RSd of
manufacturing g glass lank fqrpmagnsfic recorting medium glass substrate accpring ig glaim 40,
further comprising per'?ormmg anneaflndoa?ter maintaining a State in which the motdh glass gob and
the pairfgftg@%mgmegge brought into intimate contact with each other until the temperature of the
molten glass gob is equal to or lower than the strain point of the glass material.

afirstpushingmemberforpushingatthesameti methepress
mold body and the guide member in a direction perpe ndicular to the
press-molding surface and to the side of the other press mold placed
so as to be opposed to the press-molding surface; a nd

asecondpushingmemberfor, afterthefirstpush ingmember
brings the guide member and a part of the other pre ss mold placed so
as to be opposed to the press-molding surface into contact with each
other, pushing the press mold body in a direction p erpendicular to the
press-molding surface and to the side of the other press mold placed

so as to be opposed to the press-molding surface.

[Claim 35]
A method of manufacturing a magnetic recording med ium glass

substrate, comprising at least:

manufacturingaglassblankforamagneticrecordi ngmediumglass
substrate, comprising at least a press-molding step of press-molding
a falling molten glass gob with a first press mold and a second press
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[Claim 42] A method of manufacturing a glass blank for a magnetic recording medium glass
substrate according to claim 40 or 41, wherein: the press-molding step includes a first pressing
step for determining a thickness of the plate glass and a second pressing step for improving a flatness

of the pl%?&f&éé&‘@% s to'D€ #iB%to%ree§§$n§Sa%}%§tﬁ;ggi & second pressing; step Are Gajeg out

continuously by using the pair of press mol aim 43] A method of manufacturing a glass
blank fog airaagpatia 1RsRIdIAG Medikyaassysubstigtesaccording to any onge of claims 40 to 42,
wherein the press-molding step is carried out so that the thickness of the plate glass is 2 mm or less
and the flatnesaftleendat i I pshiogless ¢Claifisdihly mairAsammethod of manufacturing & shagnetic
recording medium glass substrate, comprising: producing the glass blank for a magnetic
recordirtiasedignkdiisa siasiriie Beeidintamedictiiriglg $Acthod according ¥9rat®ne of claims 40 to
43; and processing the glass blank for a magnetic recording medium glass substrate to produce a
magnet® & Pding medium glass substrate.

at least the first press mold at least comprises:

a press mold body having a press-molding surface; and

aguide member having atleastthe function of ma intaining
a substantially fixed distance between the press-mo Iding surfaces of
the first press mold and the second press mold in t he press molding,
by, when pushed to the side of the second press mol d which is placed
so as to be opposed to the press-molding surface, b eing brought into
contact with a part of the second press mold which is placed so as to

be opposed to the press-molding surface; and

the press-molding step comprises:

afirststepofformingthemoltenglassgobinto plateglass
bybringingthefirstpressmoldandthesecondpre ssmoldclosertogether
untilthe guide member ofthe first press mold and the second press mold

are in contact with each other; and

a second step of continuing to press, with the pr ess mold
body of the first press mold and the second pressm old, the plate glass
with the guide member of the first press mold and t he second press mold

being in contact with each other.

[Claim 36]

A method of manufacturing a magnetic recording med ium glass
substrate according to claim 35,

wherein the flatness of the glass blank fora magn eticrecording

mediumglasssubstrateandtheflatnessofthemagn eticrecordingmedium
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[Claim 45] A method of manufacturing a magnetic recording medium, comprising: producing the
magnetic recording medium glass substrate by the manufacturing method according to claim 44; and
producing a magnetic recording medium, comprising at least a magnetic recording layer-forming step

of formia%ergaggﬁggergggrgijrggtlg}yﬁgIﬂptﬁbegy%%r_]etic recording medium glass substrate.

[Claim 37]

Amethodofmanufacturingamagneticrecordingmed ium,comprising
at least:

manufacturingaglassblankforamagneticrecordi ngmediumglass
substrate, comprising at least a press-molding step of press-molding
a falling molten glass gob with a first press mold and a second press
mold placed so as to be opposed to each otherin a direction crossing

a direction in which the molten glass gob falls;

after that, manufacturing a magnetic recording med ium glass
substrate,comprisingatleastapolishingstepof polishingmainsurfaces
ofthe glass blank foramagneticrecording medium glass substrate; and
further,
manufacturing a magnetic recording medium, compris ing at least
amagneticrecordinglayer-forming step offorming amagneticrecording
layer on the magnetic recording medium glass substr ate, wherein:
at least the first press mold at least comprises:
a press mold body having a press-molding surface; and
aguide member having atleastthe function of ma intaining
a substantially fixed distance between the press-mo Iding surfaces of
the first press mold and the second press mold in t he press molding,
by, when pushed to the side of the second press mol d which is placed
so as to be opposed to the press-molding surface, b eing brought into
contact with a part of the second press mold which is placed so as to

be opposed to the press-molding surface; and
the press-molding step comprises:
afirststepofformingthemoltenglassgobinto plateglass

bybringingthefirstpressmoldandthesecondpre ssmoldclosertogether
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untilthe guide member ofthe first press mold and the second press mold

are in contact with each other; and

a second step of continuing to press, with the pr ess mold
body ofthefirstpressmoldandthe second pressm old, plate glass with
the guide member ofthefirstpress mold and the se condpressmoldbeing

in contact with each other.

[Claim 38]

A method of manufacturing a magnetic recording med ium according
to claim 37,

wherein the flatness of the glass blank fora magn eticrecording
mediumglasssubstrateandtheflatnessofthemagn eticrecordingmedium

glass substrate are substantially the same.

[Claim 39]
Anapparatusformanufacturingaglassblankfora magneticrecording

medium glass substrate, comprising at least:

a molten glass effluent pipe including an outlet t hrough which
a molten glass flow falls downward in the vertical direction;

a pair of shear blades placed so as to be opposed to each other
in adirection substantially perpendicular to a dir ection in which the
moltenglassflowflowing outfromthe moltenglass effluentpipefalls,
on both sides of the direction in which the molten glass flow falls,
forcuttingaforwardendportionofthemoltengla ssflowbybeinginserted
intothemoltenglassflowfrombothsidesthereof toformamoltenglass
gob; and

afirstpressmoldandasecondpressmoldplaced soastobeopposed
toeachotherinadirectionsubstantiallyperpendi culartothedirection
inwhichthemoltenglassgobfallingdownwardint heverticaldirection
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falls,onbothsidesofthedirectioninwhichthe
for press-molding the molten glass gob into plate g
the molten glass gob from both sides thereof,

wherein at least the first press mold at least com

moltenglassgobfalls,

lass by sandwiching

prises:

a press mold body having a press-molding surface;

aguide member having atleastthe function of ma

a substantially fixed distance between the press-mo

the first press mold and the second press mold in t

by, when pushed to the side of the second press mol

so as to be opposed to the press-molding surface, b

contact with a part of the second press mold which

be opposed to the press-molding surface;
afirstpushingmemberforpushingatthesameti

mold body and the guide member in a direction perpe

press-molding surface and to the side of the second

so as to be opposed to the press-molding surface; a
asecondpushingmemberfor, afterthefirstpush

brings the guide member and a part of the second pr

as to be opposed to the press-molding surface into

other, pushing the press mold body in a direction p

press-molding surface and to the side of the second

so as to be opposed to the press-molding surface.

[Claim 40]

A method of manufacturing a glass blank fora magn
mediumglasssubstrate,comprisingapress-molding
a plate glass by directly pressing a molten glass g
of press molds which are placed so as to be opposed

have substantially the same temperature,
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wherein the press-molding step includes continuing to press the

molten glass gob by the pair of press molds until t he temperature of
the molten glass gob is equal to or lower than a te mperature which is
10°C higher than a strain point of a glass material forming the plate
glass.

[Claim 41]

A method of manufacturing a glass blank fora magn eticrecording
medium glass substrate according to claim 40, furth er comprising
performingannealingaftermaintainingastateinw hichthemoltenglass
gob and the pair of press molds are broughtintoin timate contact with
each other until the temperature of the molten glas s gob is equal to

or lower than the strain point of the glass materia l.

[Claim 42]

A method of manufacturing a glass blank fora magn eticrecording
medium glass substrate according to claim 40 or 41, wherein:

the press-molding step includes a first pressing s tep for
determining a thickness of the plate glass and a se cond pressing step

for improving a flatness of the plate glass; and
the first pressing step and the second pressing st ep are carried

out continuously by using the pair of press molds.

[Claim 43]

A method of manufacturing a glass blank fora magn eticrecording
medium glass substrate according to any one of clai ms 40 to 42,

whereinthepress-moldingstepiscarriedoutsot hatthethickness
of the plate glass is 2 mm or less and the flatness thereof is 10 um
or less.
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[Claim 44]
A method of manufacturing a magnetic recording med ium glass

substrate, comprising:

producing the glass blank for a magnetic recording medium glass
substrate by the manufacturing method according to any one of claims
40 to 43; and

processing the glass blank for a magnetic recordin g medium glass
substrate to produce a magnetic recording medium gl ass substrate.

[Claim 45]

Amethodofmanufacturingamagneticrecordingmed ium,comprising:

producing the magnetic recording medium glass subs trate by the

manufacturing method according to claim 44; and

producing a magnetic recording medium, comprising at least a
magnetic recording layer-forming step of forming a magnetic recording
layer on the magnetic recording medium glass substr ate.
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