[DESCRIPTION] [Title of Invention] GLASS SUBSTRATE FOR MAGNETI C DI SK
AND MANUFACTURI NG METHOD THEREOF [ Techni cal Field] [0001] The
present invention relates to a glass substrate for magnetic di sk
having a_pair of principal surfaces and a nanufacturing nethod

t her eof [DEBGRIGFONd Art] [0002] Recently, a hard di sk device
i's inconpRl3feflehfbd Personal conputer, a notebook personal conputer,
and a DVD (Digital Versatile Disc) recording apparatus in order to
record ddeASS FRYBSERARE! YOR MARNEIACd DISK k AdEY | MANISBACTURENG METHOD
appar at ygysiedr as t he not ebook personal conputer based on

portability, a magnetic disk in which a magnetic |ayer is provided on
a gl ass [$edbstceldfieldi s used, and nmagnetic recording information is
recorded[@lfr read froma magnetic |ayer using a nagnetic head (DFH
(Dynam c "Fl'yi ng Height) head) that is slightly floated on a surface

of the magnet ifbe giesént Suvchdoe relfiegtns Sl bsstrakefor Saghbticably hae@8da 3%ir of
t he subst.rat§ fﬁr t he ma nefti c.di sk bmus; substrate is hardly

pl ast i c&'§{P Yt ?%an%%ﬂ’%&? BTURE HEHOKDERP] i ¢ substrate. [0003]

The magnetic recording density is being increased in order to
correspopd .to a denand for an increase of a storage capacity in the
hard di iﬁa%m‘]ﬁ}g%rgﬁr exanpl e, a magnetic recording information area

i s finelyodoormed using a perpendicul ar magnetic recordi ng systemin
whi ch a magnetization direction of the magnetic |ayer is oriented
toward a di r eBEGHHY: gvrpbdish damcsris ingouppisted b s persenal sempuierea noibanl personal
al | ows tBRpstRrage: SARRGDIN il YRGrilNELOAREG S} ﬂﬁgraﬂlssilﬁ SHOSES AL&d ddfa.
order to correspond to the further increase of the storage capacity,

a f 1 oat Paticiagy o dhe hsrd digk debeprised i dnepparkiug sudhiie theatptebopl peremet cinmgpter
surface t - - ] Lo dj :
ot or ot o PR, & RAEAER AR e R Tahlbied MEerTEARS of FERL e
| ayer i #sqdopndahaghedic reeseding infornation napoeded at eroradifomct magnedt 143lke using a
magnet i j i jrecti.on tantial l

per pend?%%ﬁ%?g?%&t(ﬁghg%g&%%gﬁ égrﬂ% %goﬂ et%&étf% @g%?’?ﬁgm% aoélsleurface of the
subst r ategngid dskmdfaseic A ghst subsirftaseuitatl g gsddas itheysubfirdtd for ghemsgnetic disk

b ' i bl e, . .sh d
1 ot | nbeciids SRRLEES P RN RERE Bufivey vi bl RAGHEET Lo

troubl e @008] t hermal asperity trouble. Because these troubles are
gener ated by emcro irregularity or a particle on the magnetic
T oy e 1

r
di sk surface, HEagEEde : 1LY {09 iRatrasedan FdRato EHEEsE _tﬁc?ede_ma“d
i rregul doranyndreasanf €mdrabacpatity il tBOhAe aisRasek. aFolbEpAS aPRaRbR! Bcdriling
addi ti Og?f[ 0 tthe grl‘n ] E@lf surf ace. LOOOZ} A press formng .
met hod AHA"HR GET R mHE ABEC YL PPPRHBWMI T 8agReiib {xpigineotysiem in which a
manuf actighdizatifiedisdtaon oDihd sfaghBicahjarks sMatedR66 QARSI RRGSSerfdndlchfir to the
gl ass substrate used _ in the magnetic disk. [0005] _
substrate surface, which allows the storage capacity to be increased in one disk substrate. In
order to correspond to the further increase of the storage capacity, a floating distance of the
magnetic head from the magnetic recording surface is extremely shortened to form the fine
magnetic recording information area. In the substrate of the magnetic disk, the magnetic layer
is formed flat such that the magnetization direction of the magnetic layer is oriented toward the
direction substantially perpendicular to the substrate surface. Therefore, the glass substrate is
formed such that surface irregularity of the glass substrate is decreased as much as possible.
The shortened floating distance of the magnetic head easily causes a head crush trouble
or a thermal asperity trouble. Because these troubles are generated by the micro irregularity or
a particle on the magnetic disk surface, the glass substrate is formed such that the surface

irregularity in an end face is also decreased as much as possible in addition to the principal
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For exanpl e, Japanese Patent No. 3709033 di scl oses a press formng

met hod as the nethod for manufacturing the glass material that

becones the base of the gl ass substrate used in the nmagnetic disk. In
t he discl osed press form ng nethod, a glass gob made of nolten gl ass

i s suppkurégdeonto a | ower die that is a backing gob form ng die, and
press fomg;bgp is perfornmed to the glass gob using the | ower die and
an upper that is a counter gob formng die. Mre specifically,

the gl ass subAt;maisefdmmg miathbl eandeg rihiig diestodi aenmﬂut{ammraech lmetltolﬂefor

foll ow n thad: a of. ol ten SIS suppl i

| over - aPaniRans B Hskend HobT dpfhtsgoures bheatant gk Hpetrae wied fh e
per f or machgh@ictdigk. gl ass gob to prepare a sheet gl ass mat eri al using
the lower die and an upper die that is a counter gob forming die; and
t he sheetoogp]ass material is formed into aminformation recording

medi um gl ass BsbSlardle Jaldd6patent No. I0VEBBEdiscldsBE aSHEs F68ning method as the
i rregul arlty of the sheet glass material fornmed in accordance w th

t he. ConPeHtHiGRBMAMENHIENE e A6 BAFFACIENRECTRAS haeass GF fagedsss Subsrate Used in
i rregul fd h¥erREE HISRCYIGhe HRBoRII &S RO GiSLERBES: §190s JobSnddk 9P nfiQBS ?tays is
of the magne%l c recording and the fine magnetic fecording informafion
area. suppliefrgptoen iomisr die that is abasiiee gqatefosme@tdlglaaé rovufaming is parfprsied to
rel ease @eg Q e Ao Iy t h

ol ase marera) S, SAR beob, ADMELT B A7 Bl 1 Epifer GOROMIGR uid, Ytore
| ower diseemfmléy sthefdase snblgimessd infthe hmigpfrttcn@ﬁlpaﬂ mgowfheierd dfy thhdollowing
sheet gl t i r . .
Thore 1oy 8t Bob e 1 HEARE B G SEHRPLOL ol BRGE ol AR B RTER et
and the frbmxweg chdl presmdnmges pezrf/aemedj icetht glash pathtot frepagd aslmeggilass(raatbmfrmlsing
of the u i.ed _bec s. high te Because, .
Che. sur o RS 4 babd B SR ECET R A TREDE Hh S o GRS o
in a th|fm’a<rmdsn;todmneﬁ:trm®umm‘bcdrhmgmﬂmdglsdmebsngteass material and in a
pl ane of é(%i pl ate, a shrinkage quantity of the sheet glass material
that is¥ n out fromthe die and cooled also has a distribution in

t he thi cknesSHdivemtﬁtseur&fceﬁﬂﬂ@uis@itmﬂths et oglssa:aSteﬂﬁtfefniteﬂl In&&d)r(ldﬁcé heth
pl ane of the ate @edsheet ass .mat eri i.s e:i\ to warp ﬁ

Eher of ol GRREMIEL RELE! & ettt LR ek acguafeel Y FREFEY & (i principle
achi evedurftc@g)(taﬂ the high W¥dsfly tdfeths hagineGd ascrdiRE nl ahe AHeainASkiBYrebdi8ing
conventional press form ng nethod, I Tis necessary that the flatness
of the JMOEPAUPNZAER naterial be |rrproved up to the flatness required

as a glass sphsdxhahe, flpforrﬁﬁ@rtﬁ'é ktfée@gi% mal IR, eaftﬂfnﬁ,re@aé&ra Bdiif Gpplied to the
process |s perforned to the Sheet glass material after tf% press

f or mi ng,dia HEkaebhif qfﬁ‘ifrtﬁ\PFefY&ﬂttthfeglﬁtsd‘tlﬁe%% from fugiag do a?;@qmtr’eﬁcrsaf the upper die
Hovever ,,npasQr dit NordnGr@kd wgﬂ&spt)@%sgn %@@ﬁéac@mﬂygtéepgats material is
process 1 n the manufacturin | ass substrate for etic

di sk, anger¢ased heqaussertt e m% rfeiﬁaée ggftnrﬁrdu Hegrpisot bsge wﬁseétrraneratw |difgerénce
pr obI e i I (

nor a1 {ed Be it ing Ae TR ol Bl B IMENEF AL 08 SAUEH Gl St the
wi t h t heglasorvaatalbrialsupplied sbécomes dggmrtmdatunéor Bexanplté¢ fukfece temperature
machi ni n e

f o ni ng@ﬁ%{t#c&"@%‘? a t%rﬁlﬁg %téé ﬁtgt?xrl])mtéfﬂ f Mf&m@&sty Ipegéélg L0l hg%lrgetdhsheet glass
gr i ndi ngngyeret esdsin saplqu)f tbe alate ashxgeuager qutamdtyl of thehmesuglaisammt@fat thiaeis taken

sheet gl a er. al ore, i.n. ol.i shi ent
the gr Pl Rgraretisdue oo el fRCha dgrBrRE T R SRRTig R an AR e
i nevi t akylass inncsrzhsed is dehplahabf tprldmepTher aledet lg&smﬁtatehef is. edsie n@ wanh) eand
t he machj al . awance .is increased. in the process in
wht ot Heetr Do BARERRE v e Rt e mala o ar eheRedhy o “teed. 't he
nei ghbor hgmwdjin the outer circunferential edge portion is rounded in
t he principalvfefface of the sheet glass material to cause a
ith the sheet glass material obtdined by the conventional press forming method, it is

necessary that the flatness of the sheet glass material be improved up to the flatness required as a
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[ 0010] [PTL 1] Japanese Patent No. 3709033 [Summary of Invention]

[ Techni cal Problenm [0011] In the other aspect, a predeterm ned
i npact resistance is required for the glass substrate used in the
magneti c di sk. Therefore, a chem cally strengthening process is

per f or mthsd Qubki@e Shieeiongliadsk. NattRd@t, 4 Hraldileaerssistgegohasao dhe dB& glass
gl ass substrgte in order to inprove the i npact resistance of the

gl ass stB&rehefier the press f%ns;ﬁm%}mpwm@ﬁ&@ﬁéﬁ.qﬁgﬁe&%é@,@% However,

per f or n%drf@mﬁg)lhls%wadmé\pmc&%daewhéstdnqadl%mn%@%&I iH 'ﬁld}hﬁl{u@écﬁlrﬁ‘i@%f the glass
sodiumsulfate is used as a chem cally strengthening sol ution.

exanpl e subsHateclion mmagapticy diskr ey frbsT Refersiing ithen giinding grasesst f@ug@oa: f(&l off
400C. Fcﬁ exanpl e, after the washed sheet glass material is preheated
to 200C to SOOC the sheet glass material is dipped in the chemcally
st r engt heni ngT%asllmta‘ wachinpg 3llewange lgrgwil qwméfl&)rnégea%drinrthqagié@ctémmocess

ui th 08k B0 ARGOLACS WBHOM B U Bl PRSHEARETUALET 16f plife,

glass material to forma co?rpresswe stress |ngly
crack t Izt machipos slidyancg srbpeit 208 1im withehes confvantenal pl‘chefogmag seftetier Malen

hardly Qfg §‘?l§lg aﬁ(ﬁvcj{nrag 4{}1%}6(3%510& tltlg‘| g Hg:i[ %Zﬁrog% ee{ h cracrﬁels Uelg%ated in the

conpressive orne y StFEﬁ
process stmdacetolﬁ chetshear Igmss mamﬁa]abﬁﬁlereﬁ@e tima ﬁ@lﬁhhir@(}ﬁ@dess subsequbiﬁ\mﬂ'ergxmdm g

when the ch |1y, st th ner.f d to,th
T emapy AR et L ARt PR GRRIH LR BERGRN TR % RS rhay b e
met hod, ctuok @ tmmaft el Hera, witgnxhe maglanﬁganedand@ i hereabwddh 0gd pABhing process in

t | h t he sh | oht d
1 ot i ng VRt R0 DI ERGATAY SR TEG g A En EdREEUBPoS e ot

tlo 50 ttcfft:thﬁfell‘dﬁﬁml éc@blpwnfcmn@r&duﬂdad @Im:ﬂleolﬁnﬂchﬁl iswefcagﬂzs?]@ﬁheéhggﬁ??a%nal to
gl ass naterla 1 n US@ as the nolten_neta and the tin di usi on
| ayer i $3HEt ff%u Hgd’f?‘ﬂeftlhaf e seac BAHPH c elhapise hecapRe theastekberhapd in the outer

st rengt RepihRdAkACESS d;bo‘-i’tl&ﬁ'isf Bl Lo ieh@eshggls BhRsE, MBLiSEAR! beth &8 the
warp is generated to rade the flatness because the conpressive

stress AR RYenEy 1196??13%@1%9 BeadtiactBe ngichasheods ¢lothe caten cepaleraial prlge

pr esenceoonaReGRGAaREr fhbf ndl fiJaHﬁg Qﬁtah@é/&r the TAEA&ET Yefd mV‘AI'x%ﬂwF B@mon of the
chem cal'ly strengthening is perforned, IS necessary that a

gri ndi nglase seryaiehwienrBeaSAict HeE tsi memffdr B D He| shgeirelase mydariabpay gless
the surfae@.aten "‘@t glEhnr%e%Q Me@.hl%@f S| %ra!t&iy BhcdySe Rfieoqlgfgﬁﬁ'olh&& e fbeSher

gl ass materi al | ng net ho
sumar y cirpimiferankiel @imwmmmh%sl thp rrelstsieﬁ (ShfmengAﬁBt tegdll, thieeogrding ranrrg reading

Process sisave Bl RESRUEYELESS NSE b9 BERL 3 APUBRKByer in e

sufficie Nness Ts no alne oati1n
al t hougmetghborhbmbbf Ok awgr rmtlanieadnnhlaadgngaotttw sUhitiie. tbmréc;brdablatanésrsadabie
obt ai ned, .f he r| ndi Ng-rRI 9Gess s“rﬁq)ltui; o9 renove the tin

TEEioNs AL red ce, ove I8 the 1o
di f fusi oI ayer or tdhe materral sur In the above regard,

an obj ecf0mB] the invention is to provide a nethod for effici ently
et act | 1952 S BT RS o R0 R e
Pr obl endcohadidlal press forming method, it takes a relatively longer time to perform the grinding
process that is the post-process, and then the “roll-off problem” is generated by the grinding
process.
[0009]

On the other hand, with the floating method, the sheet glass material is obtained by
continuously flowing the molten glass in a bath filled with molten metal such as tin. The
molten glass is flown along a traveling direction in the bath to which an exact temperature
operation is performed, and the belt-shaped glass ribbon is formed while finally adjusted to

desired thickness and width. The sheet glass material that becomes the base of the glass
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In accordance with an aspect of the invention, there is provided a

met hod for manufacturing a glass substrate for magnetic disk

including a pair of principal surfaces, the nethod including the

steps of: performng press formng to nolten glass to prepare a sheet
gl ass neigtraalused ahs magietigldiskds omtoar fran thag]'amgrllﬁaohouBbtme&stheimtsh[éace in
princip rface of 0.0 mor less and target flatness of a

substr ag@ 1?%‘? Srrg@ﬁg’tofiémﬁgl % Sg’ﬁfétngﬁﬁsﬁl pgferigl QBTAMGey Yy HOAUNE i Odaﬁaés@e
mat er i akufbfiedilPRichgurtfe fafheat gl ass material in a chemcally
strengthening salt containing an alkali nmetal ion to forma

conpr es$$A0BLIYks | ayer at east on the principal surfaces of the
sheet glpgsiMRt@Rk&l . thereby preparing a disk substrate; polishing

t he princi pal surfaces of the di sk substrate by pressing the

pol i shi nP938H agai nst the principal surfaces of the disk substrate

while s yi ng a polishing solution including a polishing materi al

bet ween the di sk substrate and the polishing pad, and relatively
nmovi ng t#pangsiedtesuNet374P@3and t he polishing pad. In the nethod, a

t hi ckness of the sheet glass material prepared in the press formng
step is larger than a target thickness of the glass substrate for
magnet i ¢Swhmkrylpf Invepdrilshi ng quantity of the principal surface

pol i shi Accordi ngly, the formed sheet gl ass
nateriawﬂﬁﬁ&% lﬂEg:iQn]UEC|pal surface roughness of 0.01 urn or |ess and

t he targaﬂnﬂ]atness of the glass substrate for magnetic disk The

thi ckness of HE° SISCETRnsPFaR BT MuBHerT ey hist Biiflp e
guant i t yis@f int the ngleasiE dsistihateoré,of clivagoeltyi sﬁeﬁgtbdmumwsés pdr&)rmlanem the

gl ass ma er| obt ai .ned throu ss formng step has t

Jurt ace it el BRefy R oty e by FHE Bk PPl dS mpigVe R %mpc
per f or negkidinct BEths BRed supkass naterlal in the surface treatnent

process, but the grindjng process having the chi nj.ng al ] owance

| arger than th Bmiglly %m@m%%cs%ég@es ﬁ"éh?‘g%rréﬂa%e fpdtion of

princi pgbraSitihasBate THA GRAAGH isTPRAEts A& 98 &n@}%rm@all@bﬁﬁingﬁgmﬂg' sbld@on. For
conpressi ve stress layer formed_ through the chenlcalléistrengthenln

pr ocess exTRBlEet§rdemiqlly ghrenggheaingsiolyioa it dieatsddnefV € # 4Q0°RaviFpg cxHeEple,

good surfacEe Wk RAWNEY:] (%Hés %@ﬁ%ﬁﬁ%réﬁgeﬁ WPAGCIE SDFABREEHEA Y lass material is
efficiently be produce 16] Preferably the press form ng

step i n@RﬂﬁéSﬂ tthfec‘@rrerﬁély@frengswﬂgn@ltalomﬁ’p3 6¢ 4t mirsap [Thessfogs. de% reppcement
fall downy, afdld %ﬂﬂﬂ%&gﬁuﬁhﬁﬁtoc%r@% tﬂgestu?f'éé@-ﬂaya%fgﬁé tgﬁgsmn'aﬁnﬁlht% form a
press fornlng toth | e sandw ching the lunp bétween surfaces
of a paicompfesslvesress @mlboﬂlqctydméls’ & crack ghat [smyspbly igepdratethn the apface péthe
di es bei n e

e L o N R
havi ng tliger perimed itiratighsthe fch@mcalbusgnngtbmmg p@acm has te thlekrsz;ss ofhabout 50 to 200
fl atness necessary as the glass substrate for magnetic di sk, and the

t ar get thfckness of the gl ass substrate for magnetic di sk can be
prepar ed [@312] he press form ng. [0017] Preferably, the pair of
dies is opened i mediately, aft ress.farmn S pe

Che 1 ump_ahi | SOpREE e 2Bt BERReRRnEaety KosdifiEpe® o
pair of eﬁlira&ellyﬂllgmﬂatﬁés@rkhaa‘t ol BE Mhadgial bbragleadly Gk dhatingterhiod unfbﬁ&ia&]ly a

Preferabl the tar atness as .t he_gl ass substrate for
i Sk  WTBIR e EIE teghyEb s miterisloy TRURE F STtbERLA A ARG oY the

met hod qfoaﬁh%%ﬁtkﬁﬂdbattf@alefuéleﬁ 1RO ASHHE adhﬁ:knéswof AB&utCIONRY 55 B ishaevnably
step of scri the sheet glass material between the Lornln

and the aﬁquslmon@méthéﬁu rfjcgp dote sheet glassppaprial by tip used 23 ¢ %glogﬁbg@wgtaed the

for magngt bgfudiosKajdiat dob romiuf@chursck: Ryrhhe FQvehBRRbhRaNH sirfikthening
met hod of gl ass substrate for magnetic di sk has the principal surface
process is performed to the sheet glass material, the warp is generated to degrade the flatness

because the compressive stress layers formed both the surfaces differs from each other by the
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The above nethod for manufacturing a glass substrate for magnetic
disk is able to efficiently manufacture a gl ass substrate for

magneti ¢ di sk having the good surface irregularity accuracy and

i npact resistance. [Brief Description of Draw ngs] [0022]

FIG | Apfe:éerElsGr allt:;&naé ef \zi%ne&iﬂuiibﬁ skt atTihagfae, Magdethe chdingkllprepatieding is
using a gl ass substrate for magnetic di sk according to an odi ment
of { b PRIGHEo b necessarspined A Ak erprecess Bon ot Eed AR EHPEE ek be

sur f ace pedtéra@dlt@tiel drfafe @ e thed oG HuslBl Riybdk peddudeinaBs sikdbghdsah@erial
FIG 3 is aviewillustrating a flow of a manufacturing method for
gl ass s@b&ined0E thedloafpgRetcd di sk according to an embodi nent of the

i nventiomoik] G 4 is a plan view of an apparatus used in press

form ng of G 3. ) FIG 5Ato FIG 5C are views illustrating .
an exanpl e of Int pENBAEs &Vifofhgi oo Vesiondr pise BYmMige Msbedr Hreugingking-pracess is
FI G 6Arécﬁl\jr€é Gecalle BE Snett 6145 hhdHAHdbNe ANGLORTy AP IEnRbblallRd. With
press formng perfornmed by the apparatus of FIG 4. FIG 7A
to FIG trdleatiog wiedwd, dlilough hashasgclass miaterigh bating thexuatisicatly flatmpss ipplaaiged,

form ng t@egél\}gn%:i 3 og&(s i F’%qézﬁ'gntﬁ)ﬁnlr BiYFe @ tilﬁldﬁ’fusﬂ’m layer ]pf tthﬁ nfatddal ﬁ@ffafzé) FI G

8C are Vi ustrat | "anot her exanpl & o e press forming
performed by Ihtheapper sigas!, of oFje@. ofdthe invention isppGrogde anektiidFor @Hicaandy

views illustrati - S 1. Shi . r ' |
v VI ALERS SO 3 GBSk O AR ARG R ey
Enbodi mend shpdcOf22i3tnce. A manuf acturing nmethod of glass substrate
for magnetic disk and a gl ass substrate for nagnetic di sk according

to an enbodi nent of the present invention will be described in detail
bel ow. [Solution toFr€bleshA to FIG 1C are views illustrating a magnetic

di sk thaé@dﬁa’ prepared using a glass substrate for magnetic di sk of
t he enbo ht of the invention.

In accordance with an aspect of the invention, there is provided a method for
manufacturing a glass substrate for magnetic disk including a pair of principal surfaces, the
method including the steps of: performing press forming to molten glass to prepare a sheet glass
material, the sheet glass material having a roughness of the principal surface of 0.01 pwm or less
and target flatness of a glass substrate for magnetic disk; chemically strengthening the sheet glass
material by dipping the sheet glass material in a chemically strengthening salt containing an
alkali metal ion to form a compressive stress layer at least on the principal surfaces of the sheet
glass material, thereby preparing a disk substrate; polishing the principal surfaces of the disk
substrate by pressing the polishing pad against the principal surfaces of the disk substrate while
supplying a polishing solution including a polishing material between the disk substrate and the
polishing pad, and relatively moving the disk substrate and the polishing pad. In the method, a
thickness of the sheet glass material prepared in the press forming step is larger than a target
thickness of the glass substrate for magnetic disk by a polishing quantity of the principal surface
polishing step.

[0015]

Accordingly, the formed sheet glass material has the principal surface roughness of 0.01
um or less and the target flatness of the glass substrate for magnetic disk. The thickness of the
sheet glass material is larger than the target thickness of the glass substrate for magnetic disk by
the polishing quantity of the glass substrate for magnetic disk. Because the sheet glass material

obtained through the press forming step has the good surface irregularity accuracy, only the
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[0024] (Magnetic Di sk and 3 ass substrate for nagnetic disk)

In a magnetic disk 1 of FIG | A used in a hard di sk device, |ayers 3A
and 3B including at |east magnetic |ayers (perpendicular magnetic
recording |layers) are formed on principal surfaces of a ring glass
subst r apglishi@Sprobdsti &t pertottled b ik Gheel BlasdVBiRriSIPRGhE kedlck YreadlchNdeds, but
not illustrated in FIG 1, an adhesive |layer, a soft nagnetic, |ayer,

a non- mdnETIdENS RTRRERY Baving the peehiningallpwanse derserthar thAeefrhe P@lsb@émﬂaﬁewgs
| ayer, %opﬁn&tf&%{e'dv% h@ysﬁmﬁmu@a&@brmag&oé %ﬁ,{ct %ﬁstéﬁg%‘é‘n&itﬁhéd’ by the
stacked. For example oy is used in the adhesive | ayer, and

t he adh&8mpEssiyepsieps @fz@rsfoasedathﬁmgh|tbfg6heay@!IYts§ewﬁléeng1ga@9ce§ﬂ bsThe@nc@rthhe
For exanple, su@strQ@Ti%Frmzf%let?cy disR HS8Y @S g{oE & sifthde i%%gﬁl%ﬁ aécﬁ%@* an@ lmpact
granul ar non-nagnetic [fayer Is used as e non- nag etid

| ayer, agnthtancyeampificientlydipisedvced-ayer is used as the perpendlcular
magneti c &ﬁggrding | ayer. For exanple, a material containing carbon
hydrlde ed as the protective layer, and a fluorine resin is used
as the | ubri cBreferklay dre. pr[ets(mﬁaring step inciﬂ’dﬁ@ t}mgm&t ofc calisglg dllump of the molten
descri be g mre s ecu [ hesive | ayer., a
Coraze | RiresTyRolg frbREfin B FESRe il L (B HIRT s S Forfhng to he
non- magehp ehila detdwydhing thajenp bawemGuHeeSioOa Paiddf greaﬁuhaalfotmgaectfi acfalling

| ayer, bon hydride protective .l ayer are _se ntia

denosi t 209 oA HE G fnepirbos ontouls et oS gialls Wistiet t whgantially

YM Lh an SmﬁT teln’(}ﬁrzih}té)g Amtdlﬁg(’jly e ﬂﬁ@@g’l&t‘s Weateriil ]@zlﬁflilfcl e Eﬂﬁlﬁb% etuifi®e roughness
ubricant | ayer is deposited on the uppernost |ayer by a

met hod t° 00 MR Ph@ssnﬁ%r%t“?eés PHFEAY BA gﬁ‘asssﬂBbSt aéf‘of?é]“ag“euc dlskAéndg the target

i |1 ust r afiehekoffthdzslaskGubdiReTet megieaadsk 44h l@é}d iﬁBecﬂfy e Bﬁ:@sﬂfoﬁhﬁl
device float from surfaces of the nagnetic 1 by 5nmint
condi t i ofP®f] hi gh- speed rotation, for exanple, 7200 rpm of the

magneti ¢ di skpkferdtl@tind Sair 8 &ib§isae£ﬁ>€§ed"in1nﬁbdﬁlltéﬁl aft&r the pl%ssnmrmﬁ% it BEformed
point, the magnetic heads 4A and 4B record and read pieces o

i nf or mat? 1% AP aritletholpHe sadyirbed ety ths surfgss pf wtﬁaﬁg)f diesmhe step of
magnet i ¢yhaRd e 4feeABdsARae@l. ¢l osely record and read the information
in and fromthe naghetic ayer of the magnetic disk 1 without sliding
t he magné¥4l8] heads 4A and 4B onto the nmagnetic |ayer, thereby
realizing a f

of the magnet Feraagia; tfhel RARECLDRe WROLARHL O AR AU B G0RS Y
the gl as$0M8bstrate 2 of the magnetic disk 1 to an outer

circunferenti r re i s€e p \Mth t
surface irr eg%legér?lg?g glgc%%lrg@aéur%ﬁdmfgﬁ% 0% i eri gu(%%tga}gggﬁﬁl Ehd 4§g§a{fﬁrther
be pr ecicempyisaspbe aat@dowmrimg liee ehicst @hse n‘rfltemfal dboween Sharfoieng step and the
mai nt ai ne 1]n te A surface treatnent process perforned to the
surface 2rPeYuldrity of the glass substrate 2 does not include a
grindi ng[@20tess having a relatively | arge machi ni ng al |l owance, but

only includes fi.rst polishing and.second .po).ishin rocesse haV|n
relatively snﬁfelfer?swlﬁ&h? rg:laﬁéj S gﬁt%me@acl’[eﬂgéiﬂk thal" % %‘&‘T‘ ciiped oy e dhove
sur f ace mfnufdoairigh assh@UESEla&! @ibArdks e hinkfie dRRGAS theCpraticiial @ﬂm& with the
surface jrregularity in whi ch flatness is 4 j.tmor less and surface

r oughned8Uess ¢ HUM AT 5ps nddhe ropglnesy ofiream 06%3354 gmor less is target

flatness required for the glass substrate for magnetic disk as a

final product. For_exanple, the flatness can be neasured with a

f1 at nesdAfwaYagEOSTER RSl HRHGEREYur ed by NIDEK CO., LTD. The roughness

of the prmﬁglpal surface i s expressed by arlthnetic aver age

roughness defined by JI'S B0601;2001. When the roughness ranges

from 0. 006 m iae abavennethed fen mepufacturinge a redasg sHlksstgte Br reegsefice dishils [blg to

r oughnessrdBAsURIAGCIRE BigRs S dE o RALIAE Lt %qwngt §4ba R ace. irrogulprity
e e y

Cor por ati on, and the roughness can e C mput e I ne
accuracy and impact resistance.



FIG 2Ato FIG 2D are views illustrating the surface irregularity.
The surface irregularity can be classified into four irregularities
according to a wavelength of the irregularity. Speci fically,
the surface irregularity is classified into heave having the | argest

wavel engBhef(vay, gemg;tfm)rg{;magout 0.6 mto about 130 mm, wavi ness
(wavel eng{%h of about 0.2 jtmto about 1 mr), m cro-waviness

(wavel en 2bf 0.1 jtmto 1 mm, and roughness (wavel ength of 10 nm
or less). FIG. 1Ah6 H16ave &avibes %mfr%%fge&' nba»gnttttedtstagr 831 ASn@A glass
i ndex, and the roughness can be expressed by t arlthrretl c average

r oughne §8bstrate fer magriche digk agogrhingy to an embodimgni pf tbh@"ﬁlﬁm‘]f acturing

met hod of theeﬁﬁ’%%fﬁ@tm Eﬁ%té&eﬁhst%ﬁg% Sgﬁ&&rlh@ulﬁtym g slﬁ)e% lﬁgb' rﬂgterlal
process obtained after the press formng has the Tol [ow ng pr pert

t he roughnakss pbstdie principal surface is 0.01 mor |less, and the

fl at ness has tar S (egRetd

di sk. The sheigit@gl Igsagﬁ%% Ieﬁ%ﬁ%rg{%{ g@a giaﬂ.tﬁﬁgﬁg?%é% grfé%o%la haggt{z‘aitgfor
t hi cknessaghetiqgésk dchadinghie ah ambedimentiof kressgenobnt he gl ass substrate for
magneti c di sk t. Ll L9 ot ol is sprocess.

That is, the ﬁ?’ékir]lg IBRL/ e%‘hhf%gsﬁﬁa%@“é ass B gft}?a PF{&%e post - press
formng is thEIG ﬁMKM§Gaﬂdedmtsollth1mmlg®¢ampm afkiregsssadbribing pgif@assd by
substrate for pa%rgg %% di sk of the final product by the snall

machi ni g DPFEE the polishing process. The gl ass substrate for
magneti c di skFIG % epafied 6@ turouewpeillharathggnbiier grdnide Ry e qeessfobaing
adj usti ng t he fIa ness andfég(? t hi ckness to the sheet glass materi al

of the P Ef?mberdejé’st ¢ GPA “%exanple, "the target flatness of the

gl ass subst r aFeG.foy (TEENED Grediks illuSirAlin®) il 0@y eddhgpié 82TV pletteforming
surface fIatness of the sheet %I ass nmaterial is set to 4 mor less is
that th@HPRRHdydotPPRREsRid¥d *substrate 2 used in the magnetic di sk

1 is maintainef adid PRY &d0i@ Jifes MRIRAINkCsiiNeaded AxAhsle 6Bz&a§tess forming
properly performthe recording and readi ng operations. For exanple,

t he shederf gqnﬁ‘s’sbyﬁﬁtﬁﬁaﬁllmst%ﬂ(g(j‘ the principal surface roughness of
0.01 mor |esgg e iLEReE Jtr@tv‘i%sﬂt%tréuﬁ@ cﬂJu@§Ssu§eUm&ﬁlﬂ % &htus used in
magneti c di sk, and the thickness er tﬁan the target t ness of
the gl adsipobsipgand sp@qnd;mgﬁ@mg@flﬂﬁs by the polishing quantl ty of

the principal surface polishing, can be achieved by the press form ng
of the enbodinent. On the other hand, the sheet glass material having
the pri dabmﬂptigluﬁﬁ%ueodim@gkﬁness of 0.01 mor less, the target

fl at ness ﬁhe gl ass substrate for magnetic disk, and the thickness

| ar ger than he target thickness of the glass substrate for magnetic
di sk by the p@sl msxtufar@xrquanethmyobglatslwbgratmﬁlrp@gn&mdlalcmcpmglasmtmguate for
cannot be ach |§ conve Eress

Accorai g0t EE Reshl b o AP RYCREO R 4B BRSerk FhBHRRowt beppavssy aea

press fdfemvsng, the gI ass substrate for magnetl c di sk having the

fl at ness of 4 nd the rface ro s.of 0.2 nmor.les
oo Do ont ai nERCL K BB P 1S MRS 8 S R0s bk U & Fraraisite Bass

pol i shi ngbraces magletid ARk of the embodiinehhbfahPivaitiont he reason the
surface r&gzness of the sheet glass material of the post-press
form ng il t to 0.01 mor less is because surface roughness can be

adj ust eqMa@n&icDRInRYGlabesubWard foFfap@icsiikng process w t hout
i ncreasing the machi ning all owance. Further, when the surface

roughness is O 8Maghstisdiskelsel FindAgsed B diprd ditk dpyies fayats 3 pd 3B including

per f or med 1bQ; tnﬁ@m@th:e Blyed! @&%eﬁ@@tﬁaﬁ' Ak netlc 1ecord1;ll_an fz«f%@ qormed on principal
i rregU| ari ty of a sheeét ass material G can e ac eve USt| ng

the sur fsa&fecqseégrrﬁessla&ﬁfsubﬁetw @s illnstrafed jr BKE ¥or lerg spfcetyeily although not
For exanpli&aiedl i '}‘«t@ OB dy aﬂaﬂés‘?ve%i’ésa so?fPﬁilacﬁéu@Ea}Qt aSiRm- ﬂﬁeépﬁ%hgtng%ﬁr,

gl ass can be used as ‘a material for the glass substrate 2 of
the perpendicular magnetic recording layer, a protective layer, and a lubricant layer are

sequentially stacked. For example, a Cr alloy is used in the adhesive layer, and the adhesive
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princi pal surface roughness of 0.01 mor l|less, the target flatness of
the gl ass substrate for magnetic disk, and a thickness |arger than
the target thickness of the glass substrate for magnetic disk by a
polishing quantity of the principal surface polishing. For

exanpl e layeh@ctphes %oxﬁ(ﬁﬁgﬂa@& toSh® BlabsOfuBBehidD | hE@ ExaRPR! 2TYTFaZd d1165tiE aleaths
in FIG 4 and FIG 5. The press formn can al so be perfornmed with an
appar at 44 $97Y fagnesie é@’ef i gpeylagnonpegnefic laypryispyses agthemogmagnptic ndsrlyine
vi ew of 12R: aRRaTeRndr AQEndiRa8lek 1 asé@asp{he%érpfamlmla}qmﬁwﬁecédfng 18eR €For
Vi ews |IIustrat|ngastate|n whi ch appar atus perforns press

f or m ng CRABPICAA @W@ﬂalfcp@tmnwgsqa&@nff%(é@e i @sﬁslal]s teaproteptivsdaies rami n@uorme resin
Process jg ysed as M8 1@RaGa4yes 101 illustrated in FIG 4 includes four
sets of press units 120,” 130, 140, and 150 and a cutting unit 160.

The cutti®g3unit 160 is provided on a path of the nolten gl ass that
flows out fro I | p ar,

a lunp of theﬂnﬁrﬁgﬁ&ﬁrﬁé%sﬁgm Bﬁhéscﬁ%\édc\g{t% ﬁh%e ﬁ]%’ era]f%%a%gﬁcéﬁéﬁz %l?e]ﬁive
fall dowayer, em@offd?@/ﬂut@qi‘ aiZs scpft emgmﬂlc:ﬂa)@m d)@@(hrswﬁgamdair tonendgaktid mglerlying

ot "o thet o bEb e RAIY Shsa Pl TR SR 8RR ettt R e

gl ass mat@renddlly deposited nspmhltﬂia éadcipa] sui"&ced dfusd platsedbitrutd? @ithdn ihing bge

appar at us e four, se ts, 12Q, 130 40, and 150
B br ovPE by BEERoGho RPN B R dhingiiage ot ayer
out f | owbgardipplddmethod to forshetgletielagd 3AshAgBsubst antial |y same

t enper at E(S@ nmeans that an absolute value of a tenperature difference
bet ween 8 erature at a press formng surface of first press

formi ng die copstistuiel Mg Fidiel (Dah4 C%n@tfxc ﬁléaammuidamt SMPBArd Wk &le@ice Moat from
press formng surface of a second press formng die is 10C or |ess.

Mor e préf"é"l‘%’:ﬁ)l therfaagnstiediskel Qunp qan 8y therranditipn 8F hishraeedi PREpe e exanple,
5C or | e380 qﬁ@&;ftkwlﬁag%{ea@haékt1heTﬁ£$plateﬁ§an\é@m% 6. {O& 3§ RAPEARIH Soint, the
difference is 0C. Wien a tenperature distribution exists in the press
f or mi ng NAgRecBeads theandofP apeprd aad agadt piecep of dafofaationnig and rifeme dhe maaresic
a tenpenglp € MeafioMn & BE RO r 0 f

Pr ef erab%Ie t he | urr% |ng rough?gnl %?oeg%n%gctngwggh th(gH%{}g]{%E{eds Teaﬁ the
pai r of igfoesation isabé framt thamagnatisdasa vk thei miangtic @zﬁlaltmélomsélﬁmgftb«r miagptic
is perf d he,du h h r 0,

pai ot TG e 4B S0 TR, e AR M herl WERARE P (BN DABRS. erdrifie
into cori!afautlatwntak‘ﬁatahé hsghrdfea&:@sﬁdfe rtl#&nepﬂarepordﬁl“dl es in substantiall y
the same tim het|

botween the t fpuit Pis b bISoRORE: ulafs Bk Phr b deh R fi | B

t he pr esgciiroferdntigl csiga fraces Sand pt'daeeltyl mrecesded witl taeget girfass irtagniarigoavesracy,

| ass. “vord s tdiPuc 5T kA San BBEATb° Bl spoted Sk ety e

second dmmhm&&wdnnst preferably the absolute value of the tine

difference is cond h of the press_units

130, 140, - and AT TR REs 2o AECHE oo ot of el vaniayare 2

so as t alobenabineluti® agrﬁﬂﬁgdpramds hedingat relbtitély NegP etdchinthgt MR wAREd, ®0t only

gl ass ouytf !l mgg. re 111 is, each of the press units 120, 130,

140, and™¥ At Bel an S6RBE PoLoking oSt thasmeafsitizely eppadlamachining

posi ti oniloWhgegat ch position (position in which the press unit 140 is

drawn by a solid line in FIG 4) is located i nmediately bel ow t he

nol ten glggg outflow port 111. The retreat position (positions in

whi ch the pregge YAhdigal- ]sglqacemhe anek dmQrAL o ﬂé@%th@ﬁn&ﬂgﬁcddlkik n%s B face

FIG 4 and a position in which the press units 140 is drawn

br oken lifrgguldriy @ @hich) fltaesp o&:éué@l oavesy and snfedseronginegmisd). %1@91 @tutefsa owhe

port 11¥1at1{6950§[5ﬁ1 t um or less is (ai&et ‘ﬁ‘dﬁfeésnxg U ol B8 IR r‘?h gﬁ@ﬁhtg%jr 89%]n%t1f) Qs as a
the nolten gl ass

of the nolten between: t he cat ch positio
final product For example, the flatness can be measured with a flatness tester FT-300

manufactured by NIDEK CO., LTD. The roughness of the principal surface is expressed by
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[ 0037] After each press unit noves to the catch position, the
falling gob is sandw ched between the first die and the second die by
driving the first driving unit and the second driving unit, and the
gob is forned into a predeterm ned thickness while rapidly cool ed,

t her eby apfhaREE higaddBuginsls BhaRrdd 51 eBtB@0AIB0 MatWhidthe ﬁaugmgglmn@ést ®ém
the press unit noves to the retreat position, the first die and the
second #i0904+8 1§ 208 mefprecrapalss dhe FBZhSs eI MeMMEY Yith gisrovahness ajeagring
to fall ndeWhe SAV- iwosfharﬁl%ﬁﬁy@ﬁy mgutoy% @cﬁ‘ﬁ&@gmf:gﬂ&%%ué{%%ss &ntbfalcu%puted
conveyer 173, and a fourth conve 74 are provided bél ow t he

retreat bp@anetheshdefised plrdlHBRES: ﬂt sA&wsum the pagysurgpgnt] when the roughness
respect i f S . -
Facerves e dpcat sp ot Bamld M e b GRIENENS Shihe oo microscope
corres pcﬁﬁ@lﬁltﬁgfomee@smaempﬁ) mapfadtired op flldyanc Teshnvadysy Inpeand eratouglingssscan be
mat eri al 2 AR I ted) of the next process.
[0038] Cogpﬁtgd?ﬂ a pgfdtgﬂﬁ%d(%s?{égg% 0:s}gured such that the press
units 120, 13I)1,th&4mb0tamdntlﬂﬁ stxmngm matleh:yl qﬁpvaepdlmhmgerarasso’mspwsurﬁd)wnh
and nove t rel Si.ti o0y

the shedte SpalEs! BHFRL: RESU W LIy BeorGeR B e N it R
for thetlmmhnm@p)bbe ima:rsd&e;ﬁ(a@hasﬁnmh&msad)peﬁ i n each press unit.

[ 0039] FIG 5Ato FIG 5C nore specifically illustrate the
press fom% ﬁb performed by the apparatus 101. FIG 5A is a view
illustrating Fl® BAaﬁJEFIDZEfIID&1é heewgolllusBatidehe Sirface SBeglﬁarﬂy Vi BM¢ surface

illustrating the state i.n.which the gab is de by th unit .
160, andTHgUETEEn i\asélfléwnit‘? W teat HE;eStﬁ}‘f%rTE’t“étt%Xwﬁ"%Fﬂ%h Mg“&?ﬁ@éf“y
gl ass mat er i akpdaificallf,OkHEe duipiee PIrREEIAAGY ihelgabed (8R4 Bkave havm% Aﬁe largest
illustrated in FIG 5A, a nolten glass material LG conti nuous

out fromavRENgH(Vavel et a8awtd- %W‘p‘@raf’mltllfo ), t"ﬁ’i‘@eﬁdl“ﬁt’de‘%%ﬁ]é(’f abom 0.2
cutting ity R i1Sn) EBrd RaRhRdelaldihad dri ol Nt @ @Uﬂlrr%hﬁndn?!)ﬁg%ﬂess
gl ass rrat erial LG using the cutting blades 161 and 162 (FlI

Ther ef ofwaveleigticqft1 O pidassyl ass becones a substantial |y spheri cal gob
GG due to a sy fER et GAHOKHIAKLHY the ﬁathsg@ agxafanmh& Aol UG ﬁ-a}oﬁﬁlesF Ran be
FIG 5, an outflow quantity per time of ten glass matéri a

and a dremrne%gdbml‘@ramwm%w avpregepuehngss %mmanlla@?{are adj ust ed such that
a gob GG(ﬂﬁjng a radius of about 10 mmis forned every tinme the
cutting un|t 160 is driven. [0041] The made gob GG falls down
toward a gap Bethwdenmahefaftirisy migteod 21 theydndwdomaht,dibe SDZQE gfasg menterial of

Cecond” ary ot RS thode R iner Hays T b RO Bl ng BP0 R o Fughness

die 121 oamlda priveimé cafidte ds 8.012En coivss, calncbsl& flaneadis dtehexrgetaﬂathdsm of ithe gigss

th b t th h 12 th d

e 395 sHvaRe Bt MO AR oo HE Rt Bfisnehalbpfed 530 e s TEEPE rat

( caught )ihibleteeelarpet than fhertadgedhiekde2d ofuhel gIal%t&BL&ﬁmenfbr diagnéki&mlskfhy thé)péifshing
nf tial f 121a of the f t die 12

ci v ount Pty g Gtepiveassied T abSitthie thatoone ehoesnereat e

ot her Wipokt-pedsi oFRIngap, th@ﬂ!lﬁicltﬂ&@s geldGo @an@getchﬁﬂknbs@tweme difxe subdifke for
circunferential. surface i of the fi ie 121 and the inner
ci r cunf SREAETGHISE gF thydinal prdueliby; the swia 6‘?&? uing Aleyapee eighepglishipggprgeess.

t hi n-pl ate ShaREbsrAPOPNRCEER ERARGIrepheatOwitBou HeMbAREL kiR ctmﬂmermséess for
circunferential surface 122a of the second die 122 in order to keep

t he gap *Histsehetinssh ﬁ%ﬁ% thei thickpgserte i sheelsglpysaBaterdslef B¢ PeHepresp fegming.
die 121 P%ngatxﬂﬁe I-B8hro6i fGHEE 8F BRLIAL sihiReS enBiOhisk g 43;% Qpksdi the
122 constant. A 'gap bétween the inner ci rcunferential surface 121a

the firgeaseh dicrpmiagemintase of thasheet Elagsmtterialng sealo 4 unt erdessipthat bf fkawess of
second dje 1;%%ua§t&t@ﬁh§éatlﬁ%e%ﬂmewa&kahsemag%#ed%a%&lé}ﬂ%e%é o (VR B

the thi ckness l'arger than the target thickness of the glass su%st rate
4A and 4B can properly perform the recording and reading operations. F01 example, the sheet

glass material having the principal surface roughness of 0.01 pm or less, the target flatness of the
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[ 0043] After the first die 121 and the second die 122 are

cl osed, the press unit 120 quickly noves to the retreat position,
instead the press unit 130 noves to the catch position, and the press
unit 130 perfornms the pressing to the gob Go. [0044] After the

press unrddss 32O VeSmhghetib disk edndené tHeGkssi 10er thae el tukt hickndsé bf @Rdslass
the second die 122 are kept closed .until the sheet Iass material G

i s suf f SEPEAE T Bvseig dthnhy Ehetw?@S@%@%anawa%fsthweéep%Su@qfemoélﬁlegmaian be
| east a  LiRERQAMAL HE BreBetPMi ofitRd EmRQimtd: ORERs oth&ehahbir ®t sithel 1la£bgnatena1
unit 123 and the second dri w%g unit 124 are driven to separafe the
first dihavirgthymengipd YeRemaougheesy 2f 0.9helns g dessgihgsiarganflawpssl ofghe glass
falls dowufafcofr tREmRAEIRKURAd tHel BhiciRRd ltan%r leaﬂvﬁl}fetlérg(]:t7g}1 %k%@ﬁt @tdthe glass
bel ow the press unit 120 recelves the sh lass material G (se

FI G 4) subypdpr magngte disk b dheaipdisling ﬂmﬁntereofalmammmhsqme pelivbing; crasnot be

die 121 Iosed within a tine as extrenely
short aséﬁ@v&h@é@%ﬁﬁ?%%ﬁ?%@%é Jec nd), and the nolten gl ass
subst anti al | y As¢ardig m@@w&anyfaewmeg meﬂIOd of thret eardtodimnenin, atfﬂaethmﬁpcﬂsefcmminghﬂle
i nner Cif . f 121 the f.i,rst

of "the e LTt AReudFinghabas ofp ' ol A il Su R or
Ther ef ord& ntoher Iesmeam bé pbuainke nientghathestinsf aﬁehihgllaomﬁss e tHel sesdnddp@ishing
121 and the inner circunferential surface 122a of the second die 122
are not HOEHT | y heated, and a deformation is hardly generated in the
inner cif@3soferential surface 121a and the inner ci rcurnc erenti al

surface 122a. ,Begcause t glass is orme di sk sha
o o the. heAl (6 dREHeE FRISHh RO HiaRe S e Rl e HEtr FPSt efegal 150 he
and t he peeGabd feingnd 32set & §.6NPLN Alieks 85 Bicthidel sabhdecaBuinctsn@n bR rBRGked 0 0.2
nol t en gﬁlgs becorres substantially even, Therefore, in cooling the

nol t en ¥ e feo-URE RNSIHRS BIPSFST WPogF incFrasige dks mgehiping 1 O}’{%%“‘t hBurther,
smal | diviHenithdibr0e uﬂsggnésb?sd)@f df SatQr mtst@ing SaOficBeMEH@b&FRd e
sheet gl ass materi al Accordi ngly, t he principal surface tlatness

of the phep&leymarddt gl ass material Gis inproved better than that

of the sheet g’h@-%&fﬁ@tﬁ{h@dnt?r@?lﬁ%@a 0% WhlRerRP @Y BT bORHievRdl %?Sadjustmg the
form ng, and the principal surface flatness of the prepared Sheet

gl ass mardrtegpughnes ot B dein thopigssformiae. | ess. [ 0046] The
surface r@ugg:qness of the inner circunferential surface 12la and the
surface roughness of the inner circunferential surface 122a are

adj ust ed suchFoheramplee alipiindsitsricclay arodgdmeqlighnad PoRmilivhiet dhass shrebe used

0 15, Tk o D S O

by cutt ighays tivebef duaublm gsecdun thm) theamcallyagsngdi@nus qag be perf(m‘uteti iangyinthatdigesglass

161 and n_vi f the ten gl ass material L
oo e B RSl aic MRLLRG ORI e PlindsD8e IR oo SRed TAThE e o
does notthdaaﬂnemaetdmeaeaméqmt@lntl all'y spherl cal shape only by cutti ng t he

nol ten gl ass and. t he ot for. d.. n such case

forning di e i & EBAts Fomiipt sfonmehaninh contiintpy BE Py e Rotayeo
vi ews i |74es8icat O ro. 8% and),f 3 matseamz@g, 1 tel 6o DD, BRI 100f4% NGO & suithty used
gob formq??qle i S useci in the nodification. FIG 6Ais a view

i 11 ust r 8 RoRteHE At ore the gob is made, FIG 6B is a view
illustratposa)the state in which the gob GGis made by the cutting

unit 160 and a gob formng die 180, and FIG 6Cis a view

i | | ust r 4Mangfapmang pathed o Zlas sshstiafefopmagietie diski ng i s performed to the

gob GG to nmekerdheissherty @hassinfatiw 8f a @anufacturing Afetidd! U LA &stkdle for
FIG 6A, the path of the nplten glass LG to the press unit “120 is

cl osed Hyagspiisligh of te cbodiaent g n sbeillaw of Féf?qd? BHEs! pekphing Progess ip Steprd 50
gl ass LGug ‘étse&'ﬂntirbotl M%Eés@% S't@b %7@@&13‘(1&1&! Q%fa\é@?reg}ﬁe nﬂrg&‘§§ §1°6138f.§§>9n1ng

formed by the block 1 and 182 as Illustrated |
mirror-surface finishing to the prmcxpal surface of the sheet glass material. The sheet glass

material is prepared by the press forming (Step S10). The prepared sheet glass material has the
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Alternatively, as illustrated in FIGS. 7A to 7D, in the apparatus

101, instead of using the cutting unit 160 illustrated in FIGS. 6A to
6C, a noving nechani smthat noves the gob formng die 180 in an
upstreamdirection or a dowmstreamdirection along the path of the

nol ten gliagpall darfaey rddghutseds 0F1GEm JrAleﬁd'lthBrgﬁ Flarie@WSF ihlel d15ds sabdtAE: for

the state before the goh GGis aV|eW|IIustrat|ng
the st aPE‘gP‘?'F“vd’ﬁﬁ% ﬂﬂﬂle ‘h% &9588(1%%?15% Hhide ta@ettﬂﬂgmg%o Ltk giasigupitterfgpmagnsgc
FI G 7Ddisﬁb§a\@oﬂmmg J.]Llh%ﬁigﬂtﬁ&)ﬂﬂa@aﬁu@ﬂa@apcﬂls}i\fﬂFCh the press form ng
is perfornmed to th to make t he sheet ass nateri al

As illustrat ey %alﬁp the Rresp famingcis perfqamse "TIB?WPW‘“‘F H@SHF‘%% KsFHp ¢ and
and 182 pgcsi Vﬁ}%pﬁ"&@fdfﬁﬁﬁtﬁcfhn%s%%% plel%lfrﬂew]ngan%galfa{ugmmﬁem Ee 6, FIG, 7,
gl ass outflow port 111. As illustrated in t he bl ocks 181 and
182 ar e 2B FEk rPéGe@lSompléntvw elorpprieh 191 @eedn thinpress) foyning, FIES. 5 to 8
mol ten %eaﬁéwgﬁm%mﬂa{%ey%@lm Wigch menaéggpamfs RHERYG G s Gorlife TREA @fkwed
glass LG Then, as i1llustrated in Fl | ocks 181 an 182 are
separ at é@ﬂaasléfr@d@term ned timng. Therefore, the nolten glass LG
retai ned d@é%he bl ocks 181 and 182 falls down at one tine, and the

gob GG bgco s the spherical shape by the surface tension of the

nmol t en @ja)a&@smmiAgPuwbustrat ed in FIG 7D, during the fall of the

spherical gob §an Wi ched bet wee e
FPret are Soraldokils I008hERke WB I aBN FIES BELRRS 12000, 140,
t her eby apd ép@nnchg cttting diis ké(s heﬂpxedusﬂngahngbamprmﬁect oah paih JfARS@bIten gIass

FIGS. 8 8C trat di f
st ead 18 TPRS Ui el alfe oy PO AT pcindis Pgabs Thbk by e mten
sof t eni ptasf cutrbgaRe (ndhg uhit VST & aama té fallcRusethd Be fihp isdeywedféinbbeh sides

press formng..is rformed to . the | V\,hllethel nmp IS

Sandvi cREA PUIREHEH fgﬁhgggf“BéY%éﬁ“CgYnB? PR FuaeEs o 2y W@O fffless sgf fo the
of the lsutgeanERily anfe teBferh@red théte®W fodnlintSthe akdeNGladshifatsdiat € before the
l'unp of the heated optical glass is formed, FIG 8B is a view

i |lustrating PP&! telly easiiflussiiednn die: fruighe perapEuto i éhg fogr erds of mepssunits
down, andoF3G 185 ahé 180 WeGhodilddsitifRtvhRG oD Qleslea! o ﬁﬂg'nﬁ:hteﬂ EfasPB@cﬁéw
f or i ng i s perforned to the lump of the optical glass to nake

sheet glPa8dlkaterial G As illustrated in FIG 8A in an

appar at us 2015354l B3dn ”Qﬁ@ﬁb@tlantgﬂl‘}%%g gengﬂ%?ﬂﬁ@"’ %fgbx?sltgat%r%gtﬂﬁtetv}aﬁle of a
lump Cp of the o F{ftlcal |l ass to a position above a press unit

i |1 ust r dereppratarcRlifferen®, betf\h%engq BEwerrbie A§ apregy ﬁs@iwurfe@ﬁwaﬁﬁlﬁhpxz&szfommg
rel easesg [ t t
opti cal ﬁi[é:}gléq “;do ¥ % of Jffh‘?es%h ﬁcgng%lrdglt?eza alo%r%]%lt’%ﬁn ég:fgu%%grgfbrﬁ%egénd ;ﬁ@ss
fall of fonn‘nag Hignp1CEO) ordésst hMoomrﬁﬁt:sdbl}ghaslssolmmealmmfphﬁle)npemture difference is
sandwi ¢ 1 .and seco

por f or i He e oy ety e BSuE Bl Pr e RRERNS HlifeR s WG, oWpen »
die 222 térapeeawnedlsth@mnknstgwmatlmop*resanﬁbnamgl mmfaass ‘tthmsmnpdratm’raeatf ihe sfiress
die 121 arrgrgnsec nd, r(rjll il tustrat ed é t i5 fescrl Etl ons

are om tr 48 fHEST] fao‘*f c“Pl?etS? R "B EL " paRtich o tRfP‘eeFS Oa§SEgEre-

form ng, scri Brelfﬂg‘ahl§ thetingy iebroughttine fwraedishdetsughas Hf med ik alf dizs in

as illustrated in FIG 3.(Step. S20). . . As used herein, the .
S0 1 bi na TG P S B R (Y Bl BRI Y B et e &y sgptwiched
concent rbetyees: et sSurfgeeBlod iR JairmESlidsSe ﬂ;@ts@hstm;anmmﬁ@ﬁmngf aThd [af) idbdught
provided in the surface_of t shee# gl ass, mat er.i Gwith a scriber
made of 'HOSHRA sifh 56 Sfacas ShBn BB aF FLIGEbIHIG Iy dr e SEUL rneae hat the

donut - shafgutt Vil of haRe @ffeleh® HeBldRAhSMAL theGhAIRS dIRE BinhPonteshayicBftact
a predeterm ned size. The sheet glass nmaterial G scribed into

t wo- concBHY precelciie press g susfapraranddhe {medhg wgltenglassdupgraomss into contact

out si de v&lhﬁm@tém gl%s%@ﬁﬁmtsmfﬁce% roCﬂ fcaRbodeROr M&@ feﬁe?élﬂ? tﬁeha%sélﬂt%'\gﬁle
concentric circle are renoved c%/ difference in thermal expansion of
of the time difference 0.05 second or less, most preferably the absolute value of the time

difference is 0 second.
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Then end face polishing is perforned to the sheet glass material G

(Step $40). In the end face polishing, the mrror-surface finishing

is performed to an inner-circunferential-side end face and an

outer-circunferential -side end face of the sheet glass material G by

brush polgesh) ng. At this point, slurry that includes fine particles

such as cerium oxide as the | oose abrasive grain is used. The _

cont ami nat i onE#fh ¢fube P@ﬁ%mﬁﬁrﬂéﬁei%dﬁo’ﬁdd58Il%Wl‘éﬁ“éDYrQeW@V’éﬁ mpgghanism (not

per f or mifghiag) &8RRI LENL rfﬂocea_ch SHEIRER witRESRL | ﬂoOcHe ﬁoltb@?ﬁs§&lﬁﬁo@§ort

a sodi um and potassi um whi ch cause corrosi on can be preven

(e) Firdtlpolhasps. reack wﬂhﬁa:irfgsalun&ﬂi(bcléopm shi A§9 cmr be amyed betweerrhe:atch

first p tp I r f t.h
QbLififh Afd asreﬁ&[é p?@'ﬁ%ﬁ‘ s@be) &ﬁﬁg&;&l i o%gﬁ Exﬂ'wh%!ﬁ fBG8e0f upit ﬁm is

sheet gl'ass nateria is inten

renove tdwevif bansdlaflinean Filhet) py longepaimeliatély beloande trtmherd glagrontilavo port 1 1 L.
For exa I i owan f oy
over al T cesabfoshichhost BB HEDCD RuIEE Tl oReRaRn By sy tnes
met hod of FGes ambadxosmnm in béhube ptebeumtsi i ingirpyobe s drélaviling ih HEG. 4) is
| ar ge [ nc not perfornmed, the flaw and deformation

t hat rranﬁ gagcé“%ggg Wa E‘%?‘a%"“‘g pPO ég@s are not generated for the
sheet gl g85hateri al G Therefore, the machining all owance can be
reduced in thg first polishin ubl e- s

ol 1 shi ng- appabactdng i il PorBHaEe 58] bt St uelien Apnaepy ey th catch

pol i shi rpgs,lnbmaasmandomdme gmdos;eqmnboﬁ eciand Thel g @nipr HDE Sims Vihé Mump
t he doub e- si oI| gq Eparq&ug , the glol ishing is perforned

usi ng a (PEFP r‘i”gsoprﬁ IR R3S 898y o Sy MARRR HlgSst e iget PIPgs guantity of the
mat er i almdGeaRths ﬂ@wﬂ@'ohﬁﬂbrﬂghdlﬁgltehoglask QAR port 111.  ThGeutBfl ﬁrﬁt F90 includes
expl anat ory Vi ew of driving nechani sm of the doubl e-side polishing

appar at GsPAAT FEting @adg‘BW]s a%td 482t i Bratutingehledys Hln#idnl{ane divense as to

doubl e- %ht@ﬁe&@h&lﬁ&h&%n%@ﬁd’tl@&ﬂ%e h{b%y QlaE‘QatléQﬂ%[nt ﬁﬂl%é OWenStHé ERGS blades
pl ates. As lustrated in FIG doubl e- si de pol i shi

n
appar at uél 3“@ AEF iersech eirdl Qthdai ‘rli'g I’é(ﬂ‘ieﬁlgéﬂﬁss @tquééchpbfgmdm g9b. aﬁl%amb@med gob
surface fﬁksa&o%n‘?tgywalﬂ'?ﬁ]e SdiPMekiogur face plate 32. The polishing carrier
attaching unit includes internal gear 34 and a sun gear 35, which are
rotated &034] pr edet ermned rotation ratio. The upper surface pI ate 31
and the | ower I 1S
sandwi chi ng tfrl;gérI tplgggrgcélféf g??%td F aﬁh g %Oﬁd)(%lgtl%gre gettd\?lv(-}-jg1 123 and
pol i shi mgpeptmdlsdlmmlgactheikﬂr t (Eat}hef tarffrsicbs 1ar afch the bpqard mitithrsea pilaiatshaped
31 and t ir § faci ng .each o
ol  oni M Rl 3R Bl o B v R B 0E RO eBhr npe flsnpiegat
and t he asdnhgeacondSdic arkd irlaedwm:lsecs kiahg thag moied cB&ctﬁmfsfm"rti‘E sahan@t become

gear nove whi ch th i rri r 33 rot

Devol i RaPEPbate nP ek 4B B su ey Ricofie bR R elhypfis, e fire
mat er i algiviagame 108 taistetle ifirst tizel med) p&hd:eﬂginﬁ aétfebﬁﬁltﬁx&spefhﬁ thPgEetnd die 122.
surface plate 31 can verti e upper. surface plate
31" bres BT RSB BT eGPt T Toar oG 12D Egegecd okt fetca
sur f acesyiaf lebﬁtet shBetirsglrRsD 1 MEH 6 th&ias dhhhﬁ%ﬁiﬁ ab®and the kédand ABving unit
VWhile slurry 4??O| i shing solution) includi n% ol i shi ng_abrasi ve

arain ( Jafiiohides 2 mechanism for; C%“Séftﬂp‘BP swdace ohbedigaviviedwit 133 pad fhe sugdace of

and t he (Roddcokt dMikiReshid B28hDeBhidly ibYstlohe BYad h 4ihe, RF aRehpI—8ahechanism
novenent. of the polishing carrier 33 and the nutual rever se rotations

of the dppdichsnairaglngsy af esaanoihand angspsng #racempined-e 32, ther eby

IOOI i shing theppaite B Rbdfds RS YA688 f@fo the a%BQ%b e ?i?éla@& Bt 8t the
In the first polishing process, for exag&nl a hard resin
16X

poI i sherpréss upié 620, i deprinions eftihepregsauits a8 140,004 il fdigedabr asi ve
grain i S[Gt%q? as the polishing material.

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

the first die and the second die by driving the first driving unit and the second driving unit, and
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[0058] (f) Chemically Strengthening Process After the first
polishing, the sheet glass material Gis chemcally strengthened
(Step S60). For exanple, a m xed solution of potassiumnitride
(60% and sodiumsulfate (409 can be used as a chemically
st rengt gnidiOisSeiidd Rib a lpledelEnGRE Mhisilely walls egﬂhpeebie% s théreh gf&aamloeme
t he chem cally strengtheni ng1 solution is heated to 300 4yO
washed difksharsishect ghsempigriald, sTltﬁ“eafF?éélteeIéfe%SdeOWeﬁ@%@@eabmlttoﬁethe
sheet glf@sﬁsher@tﬁﬁe &kofd dis a@sapﬁgea R tﬁ@eﬂneekﬂext ssfs%ag&m@m%d wn.
solution for three to four hours. Preferably, iIn or that the ol'e
princi pd fistepnyerss 191, 2 pesosth eenvepgrads, athtiel doaveyer 7% oherfows tonveyer 174
strengt i I
ot or ol el G PR RReAGREA RGN b 2B, B, B0 BiRFdes
mat er i alFscifathe thw te fulirtfhaoegeyers 171 to 1%ear¢eit\rhehesstheetvlzgh aWruahGefaihag dGwvn
is dipp t I r n|n Yol o thlum

and the(?%(r)ﬂd?ll'abn%l(‘5 ?reﬁ;%mngﬁrésg&%a%g%a 8}}% f n%ysﬁgéetgheefasags Mar erlgnmén
are replammdus/\drmhﬂm{:tmtexbdftlmnextrprcamk t he pot assi umion which have
rel ati ve éﬁ gﬁr ge ion radiuses in the chemcally strengthening
sol ution, |3 pectively, thereby formng a conpressive stress |ayer
havi ng a thi c?(‘msesﬁpamdmﬁboutas E&ﬁgnrezo&ckrthaihﬁéqfr@s"sa;mt& heoshegt 149, ags 150
material Gis treneq e%ere]dto havegé) tﬁi‘remstance The hee
ol ass mirGEPIAEMEE Tt PONERH E8F P8t PG URERY RGSPB AtHErPe

per f or WEQ}d“Sch&a;Sé’beﬂat the kheX Ry BateAhlt @ camesindBustyBe &6l wﬁlﬂh@&swamng for

mat eri al 8 %he sulfuric acid, the sheet glass material Gis
washed 6‘%%99@ ferhshegt 2lass oatgsal B8 6P taitcohol ). [ 0059] (g)
Second ngg3gj1| ng (Final Polishing) Process Then second

polishing is Eerforrred to the sheet glass material G to which the
chemical I'y st FEhgthénifHg & aagrespecifigally iBuswiategtha meess feming @prferned by the

per f or Maghd-shER0S8BIG, KRN %Xﬁéwh&str%h‘#‘g &@%&?@b&@k‘ &b Hﬂléﬁﬁhﬁﬁé *ﬁG 5B is a

machi ning al | onance of about he second

i nt endedieat illppieating ﬁ@rﬂ%ﬁ}ﬂf\a@eh gbmgplg ki agledy tbm@lttprg Undi 1@91 aﬂﬁd’ﬂﬁaﬁ‘é is ﬂ Yiew
t he sec

pr ocess,q)lm e potﬁpgtﬁtgﬁg@gﬂ?)}zer éét%{ig%ﬂ 8%{ he sﬂ%g{&%@a}g%h{é erral G

usi ng t h&dMBLbl e- si de polishing apparatus 3 (see FIG 9) However ,

Lhe second. Dok SIfIGRTPERSS A { A HEQMADE 'L ShaRLLS NI B FEESFe
in the polishing abrasive graln i'nclu 5

(slurr y)nqltsecglzamdufélowommbmlt | gvi this poe, thelcising rmg;t;i@d ﬂﬂnvdnrnntmedetermmed
second hin [Q the first I| (o] S

t he par Itg")ﬂ?nc1 %t%llc‘g[rr@l enr%igﬁ %1?159%) 8 ghl usné\%p] asﬁmt@gg]?lg R %' ]265 (16°5B)
decr eas dthe@fate g dmeﬁﬁtemglat;sh&cmbs zsmbstgntpvaigl sﬂl@n icsl @bf@cedledo a k@fface tension

exanple,, in.th econd es soft foamn

o 1 Sherniriory,off 35 S iR i PSR G S5 e Cbrihrosd e oL Biedeptag slas
grain t haterlab Lfiann dtiiap 1ﬁt&®al&ﬁrthdlmtﬁmg Gt B0 26 hdjBstel Qich this @ Gob GtHaGing
first poli ess .| d as.the polishing naterial. [0060]

The sheé‘tra(g gf% E‘é%lg’rri“‘ﬁlls% f?‘gewéfam? ﬁ}eﬁﬂﬁwgtuﬁqu%l?d’ﬁ’d%ol i shi ng
process [g4wpshed again. The vvashi ng i s perfor med using neutral

det er gent, pure wat er, gl ass substrate for

magnetic di sk 8¢ Rads %Rj’ %Eallé GP‘P’%WW ?-éaml}%tme%rythe figst i 124 apgh gecond die 122

f1at nesser@fe 4rb8 Wi 1?01 PAk uﬁyf,&ap ¢hel BrsdiiY uhi€ S AROnE REhQ YA RS SHiah4
the principal surface is 0.2 nmor less, is obtained by the secénd

pol i shi e FIG. 4) arerhivan such fhpy die irgitdiel 12 haw the secondiie 123 eprge sloeh toagach

t he mag Ny ]
A [ég%e!{) gte ggxrﬁgﬁrtl%fhe g@g@ctsérﬁéglt}%k Ehﬁtv@eﬂsﬂ% ﬁrﬁﬁ{e) a2 %gfg e s@@c%%é §22.

manuf actlieicige.rastibedr ateldliu dilvatedhe tgolFchfi is 3alpt§red ésalllghlb@dw@bmw@ first die 121

and the second die 122. An inner circumferential surface 12]a of the first die 121 and an inner
circumferential surface 122a of the second die 122 come close to each other with a micro gap,

and the gob Gg sandwiched between the inner circumferential surface 121a of the first die 121
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As descri bed above, according to the manufacturing nmethod of the
enbodi nment, the sheet glass material having the surface irregularity
in which principal surface flatness is 4 mor |ess and the princi pal
surface roughness is 0.01 p.mor less, can be fornmed by the press

for m ng 2pi eeasser ckheh@falif sutfhe 120k aﬂmegeoaﬁ@aesgzﬁ%rrhémeva tRG-S1E shape.
flatness and the grinding process having the machining all owance as

| ar ge ad* BISHRFCAI0RCeRI? 4T 6 Mpridadon thy maer dxBmbrrenial suiase hg2a didhe spgend die
with theoogn eidepwaef;w@bmqvé% tﬁéﬁﬁn&r@egfn?e%éﬁml Qﬁe@y%at KenSHRBhIe 121
glass material is no roduced by t | oati ng net ho the tin

di f f usi ¢Rd thgyiaper; %rcwaferqfrmahewfapﬁ lszﬁhfr ?R@Pﬁfhgles@r?fca@?éﬂnt andl gap between the
grindi ngnrﬁﬁ' Qﬁme}eﬁtlﬁ%hrfaé%eirﬁg gf fflﬂ rflﬁé] l('ﬁer ?ﬂ &8 tl'ieelqﬂ%r%n%&ﬁfeéén%a surfﬁce 122a

di ffusion | ayer. he first process and secon

of the pf éitee@son\ﬁe&haﬂ&%ﬂn@radngted@uﬁbﬂiatdhe tslk@t ehmadatneaithavmgehesmeeness Iarger
gl ass [ b u

o and Ha? kS LR TRE A Al APPSR b ARufE ety g
50 to 2@@ingiml S@ffatteh:@hslung)czeas]mpr@aﬁdr ess layer. Therefore, there is

not gene eg the conventional "roll-off problem that is caused by

t he Iarg hi ning all owance in the grinding process and therefore
the | arge machi mmpgaakd O{W’G}C&leblmnﬁdﬁe(r@@ﬁlih&hhlﬁ@) Precddal inldaeh goae first die

i mpact r ance ,i ai by the ¢ stress er_that is
oPece ER B SRS ik el Pl of RERAR 2,15 ol SEra M d Bdeea
f or m ng.suffleienay fdvwer thmﬂargxatsh&ammmftaﬁpmmmcnatm@ﬂomén d1he 1gnbodi rrent

t he i nbal ance of t he gﬁ% sjve s ss Iagqeh%caused due to the

di f fusi on | ay&r"POPHE B “GRE eéfi Wt e fiph dieglgd faa@é@ second

does nOtdI@QZNﬁfté@Ql@eag@ﬁGE REmSNRRS caHtas SVH'HQB@ {rind} cikiniTObntR QEE8A 20Y of the
the floating hod. Accordin tgtot e manufacturing nethod of
f

t he enbétﬁfr%%ﬁ qrﬁ*éelgv%:§§°§a%§ftnﬂale@r &r 1278 ghdbeisecons die 133iF ayertsaclodart
surf ace 4k r aguUbdB! SeboRe Gyl "REp ?ngkuk njpact T‘i’l@l%fo?é ameeocfba@(;ei‘sf f&ﬂne&ltlh% the
be produced. [0062 he flow of FIG 3, the cheni cal

st r engt Kebit#HG Y Gislsiepe Py ﬁ@vewg vpnede bernesnmiprentdl usefacpdmmﬁ K«gﬁrst die
(Step S30) ,amehet lﬁﬁer%ﬁfem @ﬁhf s%lili'a&gliagto?r?hes;ege d Mg%y%hinh@ éﬁgﬁeﬂ&%mt
is not limted to t o} ong as the second

process tngt apd Slrfgoim @o pﬁelrﬂt)@ime@l@ff angr sotifligied iix gte fouhiof hmngnhpusog}e@s thereby
(Step S h L (St Y <aPRL te

(" o2, 3B HOUPLI i BRNORNEILTD, (5152 SRR ORY (RBARR, ke
pol i sh| repsproeert G mrddishehaphé placahdwngst demgtdnexiMgoB0oomsand a thickness of
(hereingffer, the process sequence 1) may be performed in this order.
However, I'n trﬂe process sequence 1, because the surface irregularity
that is passSibly generated by the chem cal I y strengt hening process is

Tor e pref o abfye FG0RS) T Ala a et 2 ah g iery BN 1Y By
Exanpl esoves to the rdﬁ@ﬁtqm@labh ansteddhie @fais&mitl 1\39 AesSs ©fthd QechPRbiof, and the press

illustrate was. confir by Exanpl es and Conparative

exanpl ed™t 9363 perfmf“ﬁ ﬂ%@iﬁsﬁ ngdo Hig o ng:g%?par ati ve exanpl es, the

al m nosi l[@c#at e gl ass (57 to 74% Si02, 0 to 2.8% Zn02, 3 to 15% Al 2083,

7 to 16%Li02, and 4 to 14% Na20) was used as . the Iass mat eri al .

The magnetic Alishe paess mBit 20 mayes Hethp relfsar B‘Ef’ltéﬁnagbe fustdie LAt and g sgeond
in-line dype SPMKk Sfobééiglr@xpﬂﬁrsﬁée'ﬂSLassSrﬂﬁGﬂ;zfl'CFﬁ'shﬁhmeﬁlh? c&néﬂ (Sﬁﬁ'ﬂﬁé 5066t glass
| ayer, the CoTaZr/ Ru/ CoTaZr soft magnetic |ayer,

gr anul ar#oH! FeRfaenscat lriger 13Wﬁ’§tqf%8‘é?w apypad E@QF)Pt TB@“@QHH fiopt dgivinguingrl23
magnet i Gnd @kedecorNhiviklewhal ROfe RKdE] BeePplRt 86 FMNEdieAY 8 TandMeSsecond dic 122,
sequentially deposited on both the principal surfaces of the glass
subst r attke siFpleglagshmatgealf GJ@MSOWW &onethe| g | unint20) ayd ihevgasvelepddl ladted
on the gg unper 4y L her eby

obt ai ni %%(%EE?E Er%éneti cﬁg?ésel?l.egf%osggﬁf gf’ag%zg@rr%?es '? ?54 )

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

The
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surface roughness ranging fromO0.001 gmto 0.01 km The sheet gl ass
material was formed by the press formng nmethod illustrated in FIGS.
4 and 5. [0065] - Conparative Exanples 1 to 6 The gl ass
substrate was prepared through Steps 520 to S70 illustrated in FIG 3

usi ng t BRs&Wehin Gl B8 ad BB eB shBAE 09 debshdnbdie DBl sesdhtf, 36 tel ALIRASTass
of 4 gmor less and the principal surface roughness ranging from

0. 011 gfvasingalyzainmylipnepyely RBEE IHPO8RPER| BE Wieke PbHirengy cirgyanferential

press f @lﬁﬂf'ﬂc@gﬂ@w@x@ ﬂritldl@qﬁlaﬁrﬁfjthh RuholeGR: théirRBdciRunlt Q0861 surface 122a of the
Conpar ati ve Exanples 7 and The gl ass substrate was epar ed

t hr ough S&BR 4 td hs?tvr%|thm§wra@@elm‘f¢remaé3w®cesmhngE the fisst I argkthe
mat er i falmn!é@vc'n@&nF il 'sﬁ'l%cgabﬁu&f R séc]o?& g8 S129f T% & R)'E::g ¥ ggatgtpdand a

the principal surtace roughness ranging from 0.
The shedefoynaiinn pahadiyalgengaied on ribel 1bl}€rt¢19:umf@amuahgsurfe¢dwdala [a@(i)aﬁc} inner

Conpar at:]éylﬁn@%gg%lsﬁﬁa%%&ga llBecause the Ilﬁglt(g'{:?%’% iféprﬁtt:c[ ﬁ&o tftll ﬁgf&%@%}‘a%gesthe

t hrough St eps I'l lI'ustrated
naterlahemavmmgmﬁhenﬁﬁimoh@ayaSUDﬂatémtHaﬂﬂéydeM£sedmh¢e42Qnm&mﬁmnh&e

princip hn ra

Pheot . ooisuttoR O SRR SR IR o SR ARSI , o Rord T 5o the
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roughness Ra of the sheet glass material G is 0.01 um or less.
[0047]

In the example illustrated in FIG. 5, the substantially spherical gob Gg is formed by
cutting the flowing-out molten glass Lg using the cutting blades 161 and 162. However, when
viscosity of the molten glass material L is small with respect to a volume of the gob Gg to be
cut, the glass does not become the substantially spherical shape only by cutting the molten glass
Lg, and the gob is not formed. In such cases, a gob forming die is used to form the gob.

[0048]

FIGS. 6A to 6C are views illustrating a modification of the embodiment of FIG. 5. The
gob forming die is used in the modification. FIG. 6A is a view illustrating the state before the
gob is made, FIG. 6B is a view illustrating the state in which the gob Gg is made by the cutting
unit 160 and a gob forming die 180, and FIG. 6C is a view illustrating the state in which the
press forming is performed to the gob Gg to make the sheet glass material G.

As illustrated in FIG. 6A, the path of the molten glass Lg to the press unit 120 is closed
by closing the blocks 181 and 182, and the lump of the molten glass Lg cut with the cutting unit
160 is received by a recess 180C formed by the block 181 and 182. Then, as illustrated in FIG.
6B, the molten glass L that becomes the spherical shape in the recess 180C falls down toward

the press unit 120 at one time by opening the blocks 181 and 182. When falling down toward
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make the sheet glass material G.

As illustrated in FIG. 7A, the recess 180C formed by the blocks 181 and 182 receives
the molten glass Lg flowing out from the molten glass outflow port 111.  As illustrated in FIG.
7B, the blocks 181 and 182 are quickly moved onto the downstream side of the flow of the
molten glass Lg at predetermined timing, thereby cutting the molten glass Lg. Then, as
illustrated in FIG. 7C, the blocks 181 and 182 are separated at predetermined timing. Therefore,

the molten glass L retained by the blocks 181 and 182 falls down at one time, and the gob Gg
becomes the spherical shape by the surface tension of the molten glass Lg.  As illustrated in
FIG. 7D, during the fall of the spherical gob Gg, the spherical gob Gg is sandwiched between the
first die 121 and the second die 122 to perform the press forming, thereby preparing the
disk-shaped sheet glass material G.
[0050]

FIGS. 8A to 8C are views illustrating another modification in which, instead of the gob
Gg, a lump Cp of the optical glass heated by a softening furnace (not illustrated) is caused to fall
down and the press forming is performed to the lump Cp while the lump Cp is sandwiched from
both sides between dies 221 and 222 during the fall of the lump Cp. FIG. 8A is a view
illustrating the state before the lump of the heated optical glass is formed, FIG. 8B is a view
illustrating the state in which the lump of the optical glass falls down, and FIG. 8C is a view
illustrating the state in which the press forming is performed to the lump of the optical glass to
make the sheet glass material G.

As illustrated in FIG. 8A, in an apparatus 201, a glass material grasping mechanism 212
conveys the lump Cp of the optical glass to a position above a press unit 220.  As illustrated in

FIG. 8B, the glass material grasping mechanism 212 releases the lump Cp of the optical glass to
cause the lump Cp of the optical glass to fall down. As illustrated in FIG. 8C, during the fall of
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the lump Cp of the optical glass, the lump Cp is sandwiched between the first die 221 and the
second die 222 to perform the press forming. Because the first die 221 and the second die 222
have the same configuration and action as those of the first die 121 and second die 122 illustrated
in FIG. 5, the descriptions are omitted.

[0051]
(b) Scribing Process

After the press forming, scribing is performed to the formed sheet glass material G as
illustrated in FIG. 3 (Step $20).

As used herein, the scribing means that two concentric (inside concentric and outside
concentric) cutting-plane lines (scratch in the form of a line) are provided in the surface of the
sheet glass material G with a scriber made of a super alloy or diamond particles in order to
obtain the donut-shape (ring-shape) of the formed sheet glass material G having a predetermined
size. The sheet glass material G scribed into two-concentric-circle shape is partially heated,
and a portion outside the outside concentric circle and a portion inside the inside concentric
circle are removed by a difference in thermal expansion of the sheet glass material G, thereby
obtaining the donut-shaped sheet glass material.

As described above, the cutting-plane line can suitably be provided with the scriber,
because the sheet glass material G produced through the (a) press forming process has the
roughness of 0.01 pum or less. In the case in which the roughness of the sheet glass material
exceeds 1 pm, the scriber does not precisely trace on the surface, and cutting-plane line may not
be evenly provided. Even in such case, the sheet glass material may be prepared so as to have
an outer diameter and circularity to an extent in which the scribing is not required, and a round
hole is made in the sheet glass material with a core drill, thereby obtaining the ring sheet glass
material.

[0052]
(c) Shape processing Process (Chamfering Process)

Then shape processing is performed to the scribed sheet glass material G (Step S30).
The shape processing includes chamfering (chamfering of outer circumferential end portion and
inner circumferential end portion). In the chamfering process, the outer circumferential end
portion and inner circumferential end portion of the disk-shaped sheet glass material G are
chamfered using a diamond abrasive grain.

[0053]
(d) Edge polishing Process
Then end face polishing is performed to the sheet glass material G (Step S40).

In the end face polishing, the mirror-surface finishing is performed to an
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inner-circumferential-side end face and an outer-circumferential-side end face of the sheet glass
material G by brush polishing. At this point, slurry that includes fine particles such as cerium
oxide as the loose abrasive grain is used. The contamination of dust and damage such as a flaw
are removed by performing the edge polishing. Therefore, generation of ions such as a sodium
and potassium which cause corrosion can be prevented.

[0054]
(e) First Polishing (Principal Surface Polishing) Process

The first polishing is performed to the ground principal surface of the sheet glass
material G (Step S50). The first polishing is intended to remove the flaw left on the principal
surface and the deformation.

For example, the first polishing has the machining allowance of several micrometers to
about 10 micrometers. In the manufacturing method of the embodiment, because the grinding
process having the large machining allowance is not performed, the flaw and deformation that
may be caused by the grinding process are not generated for the sheet glass material G
Therefore, the machining allowance can be reduced in the first polishing process.

[0055]

A double-side polishing apparatus 3 illustrated in FIG. 9 is used in the first polishing
process and the subsequent second polishing process. With the double-side polishing apparatus
3, the polishing is performed using a polishing pad 10 by relatively moving the sheet glass
material G and the polishing pad 10.

[0056]

FIG. 9A is an explanatory view of a driving mechanism of the double-side polishing
apparatus, while FIG. 9B is a sectional view of a main part of the double-side polishing apparatus
including upper and lower surface plates. As illustrated in FIG. 9A, the double-side polishing
apparatus 3 includes a polishing carrier attaching unit, an upper surface plate 31, and a lower
surface plate 32. The polishing carrier attaching unit includes internal gear 34 and a sun gear
35, which are rotated at a predetermined rotation ratio. The upper surface plate 31 and the
lower surface plate 32 are reversely rotated while sandwiching the polishing carrier attaching
unit therebetween. The polishing pads 10 adhere to the surfaces of the upper surface plate 31
and the lower surface plate 32 that are facing each other. A polishing carrier 33 is attached so
as to engage the internal gear 34 and the sun gear 35, and the polishing carrier 33 performs
planet gear movement in which the polishing carrier 33 rotates while revolving around the sun
gear 35,

[0057]

The plural sheet glass materials G are retained in the polishing carrier 33. The upper
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surface plate 31 can vertically be moved, and the upper surface plate 31 presses the polishing pad
10 against the pair of principal surfaces of the sheet glass material G as illustrated in FIG. 9B.
While slurry (polishing solution) including the polishing abrasive grain (polishing material) is
supplied, the sheet glass material G and the polishing pad 10 are relatively moved by the planet
gear movement of the polishing carrier 33 and the mutual reverse rotations of the upper surface
plate 31 and lower surface plate 32, thereby polishing the pair of principal surfaces of the sheet
glass material G.

In the first polishing process, for example, a hard resin polisher is used as the polishing
pad, and a cerium oxide abrasive grain is used as the polishing material.

[0058]
(f) Chemically Strengthening Process

After the first polishing, the sheet glass material G is chemically strengthened (Step
560).

For example, a mixed solution of potassium nitride (60%) and sodium sulfate (40%) can
be used as a chemically strengthening solution. In the chemically strengthening, for example,
the chemically strengthening solution is heated to 300°C to 400°C, the washed sheet glass
material G is pre-heated to 200°C to 300°C, and the sheet glass material G is dipped in the
chemically strengthening solution for three to four hours. Preferably, in order that the whole
principal surfaces of the sheet glass material G are chemically strengthened, the dipping is
performed while the plural sheet glass materials G are accommodated in a holder by retaining the
sheet glass materials G at the end faces.

When the sheet glass material G is dipped in the chemically strengthening solution, the
lithium ion and the sodium ion in the surface layer of the sheet glass material G are replaced with
the sodium ion and the potassium ion which have relatively large ion radiuses in the chemically
strengthening solution, respectively, thereby forming a compressive stress layer having a
thickness of about 50 to 200 um. Therefore, the sheet glass material G is strengthened to have
good impact resistance. The sheet glass material G to which the chemically strengthening
treatment is performed is washed. For example, after washing the sheet glass material G using
the sulfuric acid, the sheet glass material G is washed using pure water and IPA (isopropyl
aicohol).

[0059]
(g) Second Polishing (Final Polishing) Process

Then second polishing is performed to the sheet glass material G to which the
chemically strengthening treatment and washing are sufficiently performed (Step S80). For

example, the second polishing has the machining allowance of about 1 um.
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The second polishing is intended at the mirror-surface polishing of the principal surface.
In the second polishing process, similarly to the first polishing process, the polishing is
performed to the sheet glass material G using the double-side polishing apparatus 3 (see FIG. 9).
However, the second polishing process differs from the first polishing process in the polishing
abrasive grain included in the polishing solution (slurry) used and a composition of the polishing
pad 10. In the second polishing process, compared with the first polishing process, the particle
diameter of the polishing abrasive grain used is decreased and hardness of the polishing pad 10 is
softened. For example, in the second polishing process, a soft foaming resin polisher is used as
the polishing pad, and a cerium oxide abrasive grain that is finer than the cerium oxide abrasive
grain used in the first polishing process is used as the polishing material.

[0060]

The sheet glass material G polished through the second polishing process is washed
again. The washing is performed using neutral detergent, pure water, and IPA.

The glass substrate for magnetic disk 2 having the surface irregularity, in which the
flatness of the principal surface is 4 tm or less and the roughness of the principal surface is 0.2
nm or less, is obtained by the second polishing.

Then, as illustrated in FIG. 1, the layers such as the magnetic layer are deposited on the
glass substrate for magnetic disk 2 to prepare the magnetic disk 1.

[0061]

The flow of the manufacturing method illustrated in FIG. 3 is described above.

As described above, according to the manufacturing method of the embodiment, the
sheet glass material having the surface irregularity in which principal surface flatness is 4 yum or
less and the principal surface roughness is 0.01 um or less, can be formed by the press forming
process. Therefore, the grinding process for improving the flatness and the grinding process
having the machining allowance as large as about 200 pm are omitted after the press forming.
Obviously, with the manufacturing method of the embodiment, because the sheet glass material
is not produced by the floating method, the tin diffusion layer is not formed in the principal
surface, and a grinding process is not therefore required to remove the tin diffusion layer. In the
first polishing process and second polishing of the process manufacturing method of the
embodiment, the sheet glass material G has the machining allowance as small as about 10 um,
and the machining allowance is smaller than the thickness (about 50 to 200 pm) of the
compressive stress layer.  Therefore, there is not generated the conventional “roll-off problem”
that is caused by the large machining allowance in the grinding process and therefore the large
machining allowance in the polishing process.

The good impact resistance is obtained by the compressive stress layer that is formed
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through the chemically strengthening process after the press forming. Obviously, with the
manufacturing method of the embodiment, the imbalance of the compressive stress layer caused
due to the tin diffusion layer formed only on one side of the principal surfaces, does not occur
because the sheet glass material is not produced by the floating method.

According to the manufacturing method of the embodiment, the glass substrate for
magnetic disk having the good surface irregularity accuracy and impact resistance can efficiently
be produced.

[0062]

In the flow of FIG. 3, the chemically strengthening (Step S60) is performed between the
first polishing (Step S50) and the second polishing (Step S70). However the sequence is not
limited to the embodiment. As long as the second polishing process (Step S70) is performed
after the first polishing process (Step S50), the chemically strengthening (Step S60) may
appropriately be replaced. For example, the first polishing process, the second polishing
process, and the chemically strengthening process (hereinafter, the process sequence 1) may be
performed in this order. However, in the process sequence 1, because the surface irregularity
that is possibly generated by the chemically strengthening process is not removed, the process
sequence illustrated in FIG. 3 is performed more preferably.

[0063]
[Examples]
{Examples and Comparative Examples)

Hereinafter, the effectiveness of the method illustrated in FIG. 3 was confirmed by
Examples and Comparative examples.

In Examples and Comparative examples, the alminosilicate glass (57 to 74% SiO,, 0 to
2.8% Zn04, 3 to 15% Al O3, 7 to 16% LiO,, and 4 to 14% Na,O) was used as the glass material.

The magnetic layer was formed on the prepared glass substrate using in-line type
sputtering apparatus. Specifically, the CrTi adhesive layer, the CoTaZr/Ru/CoTaZr soft
magnetic layer, the CoCrSiO; granular non-magnetic underlying layer, the CoCrPt-Si0,-TiO,
granular magnetic layer, and the carbon hydride protective layer were sequentially deposited on
both the principal surfaces of the glass substrate. Then the perfluoropolyether lubricant layer
was deposited on the deposited uppermost layer by a dipping method, thereby obtaining the
magnetic disk.

[0064]
- Examples 1to 5
The glass substrate was prepared through Steps 520 to S70 illustrated in FIG. 3 using

the sheet glass material having the principal surface flatness of 4 [m or less and the principal
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surface roughness ranging from 0.001 pm to 0.01 um. The sheet glass material was formed by
the press forming method illustrated in FIGS. 4 and 5.

[0065]
- Comparative Examples 1 to 6

The glass substrate was prepared through Steps S20 to S70 illustrated in FIG. 3 using
the sheet glass material having the principal surface flatness of 4 um or less and the principal
surface roughness ranging from 0.011 gm to 1.334 um. The sheet glass material was formed by
the press forming method illustrated in FIGS. 4 and 5.

[0066]
- Comparative Examples 7 and 8

The glass substrate was prepared through Steps S20 to S70 illustrated in FIG. 3 using
the sheet glass material having the principal surface flatness of 4 um or less and the principal
surface roughness ranging from 0.001 tm to 0.002 pm. The sheet glass material was formed
by the floating method.

[0067]
- Comparative Examples 9 to 11

The glass substrate was prepared through Steps S20 to S70 illustrated in FIG. 3 using
the sheet glass material having the principal surface flatness exceeding 4 um and the principal
surface roughness ranging from 0.004 um to 0.006 pm. The sheet glass material was formed
by the conventional press method.

[0068]

The conditions of the grinding and polishing of Examples and Comparative examples
were set as follows:

. The first polishing process: the polishing was performed using a cerium oxide abrasive
grain (average particle size; diameter of 1 um to 2 im) as a polishing material and a hard
urethane pad as a polishing pad, and the machining allowance of about 3 pm.

- The second polishing process: the polishing was performed using colloidal silica
(average particle size; diameter of 0.1 pm) as a polishing material and a soft polyurethane pad as
a polishing pad, and the machining allowance of about 1 pm.

[0069]

The flatness and surface roughness (the flatness and surface roughness of post-forming)
of the glass substrate obtained by each of Examples and Comparative examples were measured.

The LUL (Load/UnLoad) endurance test (600,000 times) was performed to evaluate
floating stability of the magnetic head with respect to the magnetic disk that was prepared based

on the glass substrate obtained by each of Examples and Comparative examples. The LUL
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endurance test is one that checks error occurrence, dirt of head after test, and abnormality
generation such as abrasion by operating the HDD (hard disk device) in a cycle of lamp — ID
stop — lamp — ID stop — ... while the HDD is placed in a thermo-hygrostat of 70°C and 80%.
After the LUL test of 80000 times/day x 7.5 days =600000 times in which 10 HDDs were used
with respect to Examples and Comparative examples, the test result was evaluated as fail when
abnormality was generated even in one HDD.

Table 1 illustrates the roughness of the principal surface, forming method, and flatness

(pre-forming and post-forming) in Examples 1 to 5 and Comparative examples 1 to 11 and the
LUL endurance test result (pass or fail}. In the surface roughness of the post-forming in Table 1,
“OK” indicates that the surface roughness satisfies a criteria of 0.2 nm or less (the criteria
required as the glass substrate for magnetic disk), and “NOK” indicates that the surface

roughness does not satisfy the criteria of 0.2 nm or less.

[0070]
[Table 1]
Glass material Evaluation
Surface Forming Flatness Flatness Surface LUL
roughness | method (1] after roughness | endurance
(J1S processing | after test
B0601) processing | (600000
(m] (0.2 nm or | times)
less)
Example 1 0.001 | press 1.02 1.13 OK Pass
method
Example 2 0.002 | press 3.79 3.81 OK Pass
method
Example 3 0.005 | press 2.34 2.31 OK Pass
method
Example 4 0.006 | press 3.56 3.58 OK Pass
method
Example 5 0.010 | press 1.74 1.73 OK Pass
method
Comparative 0.011 { press 2.10 2.13 NOK Fail
Example 1 method
Comparative 0.058 | press 1.47 1.49 NOK Fail
Example 2 method
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On the other hand, as can be seen from Table 1, when the glass material formed by the
press forming method illustrated in FIGS. 4 and 5 has the flatness of 4 Hm or less and the surface
roughness exceeding 0.01 um (Comparative examples 1 to 6), the surface roughness does not
reach the criteria (0.2 nm or less) only by the first polishing process and the second polishing
process. In such cases, the glass material fails in the LUL endurance test.

As can be seen from Table 1, although the glass material formed by the floating method
(Comparative examples 7 and 8) has the good surface roughness and flatness, a warp is
generated due to a stress difference of the surfaces, because there is a difference of ion exchange

between one surface in which the tin diffusion layer exists and the other surface in which the tin

diffusion layer does not exist by the chemically strengthening process, and the flatness degraded
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2d ass substrate 3A, 3B Magnetic |ayer 4A, 4B Magnetic head 5Cuter
circunferential edge portion 10Polishing pad 31Upper surface plate

32Lower

surface plate 33Polishing carrier 34l nternal gear 35Sun gear

101, 201, 400Apparatus 111Molten glass outflow port 120, 130, 140,
150, 220y ®reesapusudt ih@by22dimty bg thediret phlidldng pid2ak anethe Gkdond phivhetyt fradess.

surface

Iril' guzch c%s%%,stgg glgsds rrcliziitgria][ %a%g inS Bl%ﬁﬁjl, endurance test.

As can be also seen from Table 1, when the glass material formed by the conventional
press forming method has the flatness exceeding 4 pum and the surface roughness of 0.01 um or
less (Comparative examples 9 to 11), the flatness does not satisfy the criteria (4 pum or less) only
by the first polishing process and the second polishing process. In such cases, the glass
material fails in the LUL endurance test.

[0073]

As is clear from Examples 1 to 5 and Comparative Examples 1 to 11, when the glass
material formed by the press forming method of the embodiment has the flatness of 4 um or less
and the surface roughness of 0.01 um or less, the surface roughness and the flatness satisfy the
criterion required as the glass substrate for magnetic disk only by the first polishing process and
the second polishing process without performing the grinding process having the large
machining allowance.

[0074]

A method for manufacturing a glass substrate for magnetic disk according to the present
invention has been described above in details; however, the present invention is not limited to
the above embodiment. The various alternations and changes could be made hereto without

departing from the spirit of the invention.

[Reference Signs List]
[0075]
1 Magnetic disk
2 Glass substrate
3A, 3B Magnetic layer
4A, 4B Maghetic head
5 Outer circumnferential edge portion
10 Polishing pad
31 Upper surface plate

32 Lower surface plate
33 Polishing carrier
34 Internal gear

35 Sun gear

101, 201,400  Apparatus
111 Molten glass outflow port
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123First driving unit 124Second driving unit 160Cutting unit 161, 162
Cutting blade 171First conveyer 172Second conveyer 173Third conveyer
174Fourth conveyer [Docunent Nane] C ains 1. A manufacturing
met hod of gl ass substrate for magnetic disk including a pair of

princi pal2csusé,aaesisot i nehagjconprising the steps of:
perforniﬂgkﬁéfss fornigg%to nolten glass to prepare a sheet gl ass

mat eri al sheetFﬁﬂ mat eri al having a roughness of the

princi pal2isurdzmce ohngrggmgﬁ&g&ﬁhgﬁﬁwgnd target flatness of a glass
substrate for magnetic disk; chem cal ly strengthening the
sheet gl Xds2tat eri aPewpddieppi ng the sheet glass material in a
chenicaltmbstqﬁggﬁhening salt containing an alkali netal ion to form
a conpressive stress layer at least on the principal surfaces of the
sheet gl bss ndtistdriing wier eby preparing a di sk substrate

pol i shi ng4t he 1, NGy, rfaces of the disk substrate by pressing

t he poligﬁingfggﬁﬂggﬁﬁﬁéﬁﬂthe principal surfaces of the disk

subst r at ¥Owhi ICattgngppityi ng a pol i shing sol ution including a polishing
mat eri al (e : i sk substrate and the polishing pad, and
reIativevg’%%egﬁ8ﬁ¥ﬁ%&%isk substrate and the polishing pad, wherein

t he pres¥if or Mrmsigpostepr i ncl udes the steps of: causing a |unp of the
nol t en qhgss Q fsll down; and form ng the sheet gl ass

mat eri al- by peffOfriPhg the press fining to the |unp while sandwi ching
t he | unpl7Bet wiaird senvkgges of a pair of dies fromboth sides of a
falling Qgth f the lunp, the dies being disposed opposite each

ot her, tH& di QUHLGIRYENSEt to substantial |y same tenperature, and
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a thickness of the sheet glass material prepared in the press form ng
step is larger than a target thickness of the glass substrate for
magnetic disk by a polishing quantity of the principal surface
pol i shi ng st ep. 2. The manufacturing method of glass

substr at ne di sk according to claim1, wherein the pair of
dies is @6’8}\‘@81%51 %"@F’y after the press forning is perfonned to
the lump while A henlifabRrihg nSEAGLT RS KBRS Torl A8eRUE fd?s‘?:eiﬁclﬁzlmg Wepair of
pair of dies_.in_the step of form ng}éﬁthe sheet gl ass nmateri al

3. The P swlicehfierathetrosirrigingdhe Semsofr ate for nmagnetic di sk
accordi ng to gh@imng pdss %mﬁﬁ'@ E@hﬁlt&@@la&@fogﬁ%pd}é @tsﬂgé?lﬁg_ 1§ dd6i29! 1S Sheet

substrate for magnetic disk pm or
manuf acglass myehdtyvas éfw%hé%9§ 0§ l!illlﬁsmfiﬂmml Sl@’facqrra@@;@i Lol ofi Ists eaadctmrgch ftagness

to any gnes 19§S Sgi)s@[lafésfmlmgéheﬁcdfskﬂt her conprising the step of scribing
t he sheet g ass material between the fornmng step and the poli shing

st ep. chemically strengthening the sheet glass material by dipping the sheet glass material in a
chemically strengthening salt containing an alkali metal ion to form a compressive stress layer at
least on the principal surfaces of the sheet glass material, thereby preparing a disk substrate;

polishing the principal surfaces of the disk substratc by pressing the polishing pad
against the principal surfaces of the disk substrate while supplying a polishing solution inchuding
a polishing material between the disk substrate and the polishing pad, and relatively moving the
disk substrate and the polishing pad,

wherein the press forming step includes the steps of:

causing a lump of the molten glass to fall down; and

forming the sheet glass material by performing the press forming to the lump while
sandwiching the lump between surfaces of a pair of dies from both sides of a falling path of the
lump, the dies being disposed opposite each other, the dies being set to substantially same
temperature, and

a thickness of the sheet glass material prepared in the press forming step is larger than a
target thickness of the glass substrate for magnetic disk by a polishing quantity of the principal
surface polishing step.

2. The manufacturing method of glass substrate for magnetic disk according to claim 1,
wherein the pair of dies is opened immediately after the press forming is performed to the lump
while the lump is sandwiched between the surfaces of the pair of dies in the step of forming the
sheet glass material.

3. The manufacturing method of glass substrate for magnetic disk according to claim 1
or 2, wherein the target flatness as the glass substrate for magnetic disk is 4 um or less.

4. The manufacturing method of glass substrate for magnetic disk according to any one
of claims 1 to 3, further comprising the step of scribing the sheet glass material between the

forming step and the polishing step.
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