[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

havi ng [ESCRIPCION] i nci pal surfaces and a manufacturing nethod

t hereof [Background Art] [0002] Recently, a hard di sk device

i s i ncoripephingantion] a personal conmputer, a notebook personal conputer,
and a @gRs(sD' @Jﬁ@f ?ES@Uﬁ evRGER TIECOIIk NEANEP PN WSA CTURINE METHOD
record data Particularly, in the hard di sk device used in an

appar aTHERSWHh as the not ebook personal conputer based on

portab netic disk in which a nmagnetic layer is provided on
a gl astsfegf}%lg?ﬁ:éag?l s used, and magnetic recording information is
recordemoon or read froma magnetic |ayer using a nagnetic head (DFH
(Dynam ¢ Flying Height) head) t hat |s sli htI 61:floated 0 surface .

of the magnolREPHPER YRR delales dp s glesy Bt Sor gt v & el of

the Sugﬁﬁgﬂgﬁf&ksfaﬂ@amaﬂﬁkmﬁngh%fh&ﬁﬁa%e substrate is hardly
pl asti ef ormed conpared wth a netallic substrate. [0003]

The nagnetlc recordlng density is being increased in order to
correslf]g ﬂ gArﬁmand for an increase of a storage capacity in the
hard dH&¥ %Té)Qche For exanple, a nagnetic recording information area
i's finefopoprmed using a perpendicul ar magnetic recording systemin

whi ch a magnetization directi.on. of the netic | yer iS oriente
toward a di r BEFHK 4K %éﬁh SetiPais IneprpHatea b & PPRPR SOTPUEE 2 9 8ﬁgpersonai

al | ows c§f6niet OfA9e [ﬁﬁﬁa@@l’aﬂ‘@e@ﬁﬂb rmgaaee&darg ﬁ}ﬁﬁ:eﬁﬁss b SH{RStth ak&ord ! dhta.

order to correspond to thé further increase storage capacity,

a fl oaPmm@uldﬂsxlarih@h&Iﬂ diskalersg necd io anapparitus suchs thewgetekaak pesseorldiomputer
surfac extr n i

i nf or NE%S(% I%m é)lp gbmﬁ}}y ?rh%nét? c? ?k }ntwffu%fé g}nﬁ} ﬁ%% %g?mglg)%#?ﬁ O{nea eé’iﬁsq sﬁgsttrate 15
| ayer isedf endradhghdtat reserdingtinfitrmtien agoeted &t boread Iffoachllmgneﬁc tdyer using a

magnetlclayer i,s_orjented.t rd.th irection tanti

per pendlagustis haag ( Pﬁg @%@W%‘?ﬁfﬂ HF%EQ%‘??%&&%? ‘Slsguﬁ)%h o?jP‘gQE a surface of the
subst r #enbti dig SRecEUCA él&@%u@éﬂfafeaﬁ%uitéﬁl? asddeds thy s@straR&oftRSRagnetic disk
substraté Is decreased as nmuch as possible The shortene

f 1 oat i hecatbssubsicaie ithardly plastjerdby defirasd cmaedgvlﬂya waale wbsiedl crush
troubl e @r thermal asperity trouble. Because these troubles are
generat[e %ﬁ the mcro irregularity or a particle on the nagnetic

di sk surfaceTht heggétsecondbrt dembiey lssbdimg imeckasadcin dridext tOtd@ﬁ‘eSpmlﬂetOEa demand

|rregular|t¥ in an end face i.s alsoh eda nmuch osaq N
addi i 6 AdNEHESe A SIS AADaLiP A LS harg disievice.” ForgRampy Magsticdecording
gl ass guBshdiRInCarblS %dﬁﬁélly tf(k}ﬁleﬁ%ﬂ%t 4 9el‘§b§cﬁcﬁl§r ARpWHIRGEeHr8kl e Ry stbiein which a

foll om ng nethod: a gl ass nolten glass is supplied onto a
| ower diagnetivation §1ractm&futh@m@enﬁmdmr nyodesed fomasda fgperongerrendicular to the

per for Whtlyhf L) @S IABwL PLGRBE & Sﬁagﬁg‘?gtbe%ﬁé%eﬂ'?% Bht ggsk;gl%gagageh .

the | ower die an an upper die ount er
t he sheeatergb a:e&esrmhé ro ahe ifistHen rinedasi mfahamarargeocapamt)ora fletorgddistgnee of the

T oopshensiro Bt R e Rt Bl Tisa Sty BEBE T 5t te e e e

No. 37%%%%&’1c %E&%Engt 1|ﬁﬁ)rﬁiaﬁ§§ aQb Pee sgbstialoMBb heiineh A8k, the SlapRdtictidyer

onto t ower die, the follow ng steps are perforned: a | 'ower

sur f acés frmad fletisuchghat fhe sagaetization| disertigp s thaswegngsis layer is proRnyed twvard the
over g 8ol CaBRUhEA, MobRALIAGE @ sliitro SRl 9 IRRAA! oS RAGRrate is
is formed outsi a sl ng surface Between the upper t he

body f dormedpech thaeswafude aregulalitngf theplas sutiserttiaeedect dnsed mmuclrhsqaoasriule.

t he body for ] ower di t he er die i s nove rfonn he

br s { or nt nd i SHFEeE iaar TR SF bR SePEIE MACUPAY GPyDAFTaY aLigd crush

press fi@uBleNgr a HAEHRH OfsBerity o€ et B&Haases tHiad efoules thiatgeh@ERIESy @he 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
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such as surface roughness of the glass substrate is gradually

enhanced. [Citation List] [Patent Literature] [0007] [PTL 1]

Japanese Patent No. 3709033 [ Summary of I|nvention] [Technical

Pr obl epindifQ8dface. However, the surface accuracy of the glass
substrate Torned by the conventional nmethod is not enough for the

sur f acel088¢lur acy of the principle surfaces for the high density of

t he magneti cpre j i i di:ag ;1 i

ar ea. e e R R S S
r el easliagéng methodppilasscpdbonidesdi@tes gidsa tsssupplial aee alovardeednt istatbacking

gl ass terial fromfusing to the die surfaces of the uppe ie and, .
Poner B0tbfones g5 Pt B Reretogned i His A ashi o ifeiER Sheet efas? Materal
sheet GRS ShdRIWRSEI@E ahé ahngpeRdRImBe Gal Sewatr bhie fovlifly e, ead ehagRe: glass
There is a Iargf surface tenperature difference between the upper die
and t heafesiabis drmeddnl ameinfespationirecardingrinediumnglagy sbstrafs diqractagghe, see
of they a@%§Pq&%gN%a§kmb§$§upplied becomes hi gh tenperature. Because

t he surtace tenperaturé di'fference causes a tenperature distribution

in a thjloReess direction of the formed sheet glass material and in a

I f th t hr i [ f t gl terial
R R i B S T
t he t hiplee shsslisisapplicarond thehewéalidmee flieeingdtasardBértirhll: /rdver Bultfhie of
pl ane of the plate. The sheet glass material is

, easy to warp, and .
t her ef 8bedy&Barpeadia 884 ap PP SUfageric kaudydpr lmies diedie abytiad qndoggiher; a thin
achi ev . . . ’
2 okt AR i s T g, i sl o JRLesl g s
t he gr ifordipper gieend ssslidingmchcnbeiyeal theviaweediggnd umebefyafor lawdr dig the upper

increased in order to i nprove the fl at.ness. wever .. when _the . .
machi nitg BN o REReRe ale (o THBE I e g ot B8 ab B0 8 Gadpmediatcy
crack pRy e fgenabahied. | ThébRrsuhé skt @last heitahe elat PeagBesBbasd of the glass
Therefore, in the polishing process that is a Bost- rocess

Lirsnir . the . )
machi nswRytrale) fynaseeticodFk shiongeduahian {he glassaubyrate, &y pagpefic disk s gbiped
in an 0.l 1m 'ﬂﬁﬁﬁ k. However, when the
nachin?%gﬁg?%%ﬁgﬁgébgﬁaﬁﬁgggggg I pgﬁgﬁbolishing process in which
t he | ooE®W0&br asi ve grain and the resin polisher are used, the

nei ghborhood.in the puter circunferential edge portion is rounded

e orinci palt i B Procie Heeriniils. Sl BRRE alnd 4ok Toose
"rol | - gbfasie @Rlign Inathe tehiadiad geoqesy, ta fdt griftiidg p®ceendusecéhiBgrinding process
nei ghborhood in_the outer circunferential edge portion is rounded in

the shetPegioaed Heps thelooseatipdicaralns hayng hiery Rgifiebizes | 4y Bittighicize of
the ma i in i . ~f t X )

cdge parL Lo Byl RO Rl e i€ fe ST A Pl Joose
magnet iabrabizagriin vaedimhthe first giioking hradess. g s feaabiereepwse giadingtand the fine
magnetic di sk 1s fre%grqgfusiqg the sheet glass material as the glass
subst r &8V MFHE BUFAce ™ Fiey

egg?arity i's generated because the
nei ghbor hoodTaé polishifg tpedcesd reludkenefisi pblishéige proedsi anwhiak théiéoose abrasive
rounded shape. As a result, the recordin ,and readin% gper.ati ons, of

the nmagiek sechascafue Ayde gpaaihaed 1psipent lisher e UtFdgrde Soplpylishing
in the pp@deﬁﬁg%lﬂgﬁ) oiRfiadl REicRULER sEft F&MIBlBRl pdtlsh &IPS uRQAT t ITAB partidleSsize of
is the "roll-off problent. ~When the nachining allowance is. _
i ncr eaglelabirasivé grapo bieshinnte grgqedishing progess meveapatlianf hat eftae abrasive grain
pol i shin rocess i,s unfavorably.l.engthen 01 . - .
above & a&‘dt%egﬁcoggj %lé]t%mdgf pIp Eeess )érf é%ee tmﬁ?gjg%otc%%h ?‘1516 £ 31.“6:}605\'/11]{%8} 21% abrasive
gl ass sudistusal @ thokedvag pelisiing pdcedsnis whiatiér thive s of teeabrasiveggrhmnisey in the
of the principal surface is suppressed and a nethod for efficiently
manuf adttPOHEIBBO§FSEss substrate for magnetic disk. [Solution to

Probleml [00%}ls in the suAR&OHSLAGInEHIOME AR REbstRite, (e FrVAHIIM process, the
second grinding process, the first polishing process, and the second polishing process are

performed in this order, and the glass substrate is formed such that accuracy of surface quality
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abrasi ve grain. As used herein, "having the target flatness in
the gl ass substrate for magnetic disk” neans that the flatness of the
principal surface already satisfies the surface accuracy of the
princi pah a§ gﬁ&@%@au%@bﬁmfsﬁw%hﬁ SOBMREAS ghdiRally agtnsahstrate for
magnetic disk, at the tine e press formng is perforned to the
sheet Eﬁﬁ@ﬁﬂﬁﬁﬁbrlal That is, in the step of form ng the sheet gl ass
naterlgl % ]5ﬁ§%et flatness of the principal surface is set in the
gl ass a%s ar magneti c di sk, and the press formng is perforned
based 0OW00He target flatness, thereby inplenenting the glass materi al
in mhlggE Qe pri nci pal surface has the target flatness. [0013]

The sh | ass material is formed by performng the press formng to
t he nojgpgﬂesglp@feﬁtNa'}‘@opogyci pal surface of the sheet glass nateri al
has the target flatness in the glass substrate for magnetic disk, and
t he sheet glass material has the surface irregularity in which the
roughn |paI surface ranges from0.01 umto 10 m and

t he opﬁ?@gq&gcﬁperphggn whi ch the haze rate is 20% or nore.

Ther ef Preehnitdi®Prgbleis$ substrate for magnetic di sk can be manufactured
t hr ough B grinding perfornmed using the fixed abrasive grain and the
polishi @ gbrfoined using the | oose abrasive grain. The grinding is

not perfor megdoabydrivle §ﬁr@ag:%?ac@lﬁhdggoftth@ laQsBstedE afiinée bgtiad sonvertideal ﬁlhﬁxod
conventi onal technlaﬁg so that the %@?SS substrate for nagnetlc

di sk
can ef isi potesnough far mentrraee weeracy 0 1hyg principle suplaggsetos ghy higie degsy ofithe
form ng_t I Hﬂﬁ? of : causing the
nDltenﬂgg@%gﬁ?%ﬁ?ggﬁﬁggaa Eﬂ%ﬁﬁkg%ggk ik aﬁbﬁ %@t gl ass materi al
by per f or m nBoit dxempies s fdronimg thg sheet tghwss mahqzrla]r\/m ﬂnelcbxahsdw @e‘nh'g appbed to the

path ofiHEAPEraEa vl Beisi Qureriy feib e Ay 4 9 Subisef ok ok die

t enper ghdl@ver e STieeturglcaSsughikesy btheCithchfil @ﬁz@’mr(ﬁdthbwhéd‘t%1Ws&ﬁStenal is
form ng. The principal surface of the sheet glass material has the

t ar get iﬁcr%ﬁ%g@capw vhivegnaldsreleatssrgeat- o Fusre ivad)laes sudcstemppigtur ditference
sheet glassn HRIGhEALic AR ald1BwetikaGR i IR AL I Which tOWER doBRa Tump of the
roughness o princi pal surface ranges from 0.01 um um and

t he opglasalmqaemi)sns ysupphem ibetpridse highz eermpzeraguies  dsane tsr eurﬁ[oeomﬁjperature

Prefer t he a|r of d| ned. i iate f1er r

For m ng rdens b S rge GHEPa B § FEorarnotetoh Pt fufifabou e
t he supfadgRs agd irf Hplapabf tefpldeesshirkbfeqehery @ffthé sliagt plasd ﬂﬁ&te&bletﬁ'&t is taken
glass material. In the conventional press formng, ip order

pr epar 8ut figndhedie agi ceslefaisertioap disibuipndn éh%ﬁhgqlfnP%SékIWé%@l of bﬁw ifgrmed sheet
necess g hllalsid Qﬁdflh%@%eb& #8 Hﬁﬁeedmé/ sﬂf@ee R b6 ey & mfp amnd
constart tine wthout releasin die after e press formnng.

t he ot Herethergbodiflatiteseot the rﬁamdﬁbwhgttss matgcigbis @ah@dammd h the fir st

and seCﬁﬂg gspects of the invention, the sheet glass material having
the hig P tness can be fornmed even if the die is released

i mredi atel y @ht @atrekeofhe sheet @lass @teraDOAO)e improved B gkeairmding (fine grlndmg
sheet glass material is forned thicker than a targ e} thlckness of th %
gl ass SAsstPat EOT Granpg iBtthe andRegoassnt fchigmentliofygos herouptd gpantity) is

gl ass ngt sbd’lm' ordBY @6 § ?ﬁﬂ/et f?let ﬁﬁn&@r 9¢fo et KRRSS tlhl%/ rﬁé&ﬁmﬂ{g @ﬁb\@gnce is

step and the polishing s Préferably t grindi ng
per f or nmuleased nytha gdinding nvdocskﬂeetdeﬁmcmﬁf why b gm@te@m the @D@@ceaxféhe Sheet glaSS

provi de%ﬁ‘aﬁ;hﬁ&%ﬁ%ge?g? G g(gl?sm og«ls Jthat is an%os %]i rak! M‘letlggchlmng allowance

manuf adt tra I'¢ di'sk

accor dgpsishitgt Judnkiey)fisrato &mdltstﬂgzqnckea&ﬂemt an theﬂlbietd lahmlrrtalt@ma‘ deet[hezrack
i ncludes the step of scribing the sheet glass nateilal bet wee lq !
step ofIGWRYRs H‘d“"flﬁ}ée BhgEping plawansg s ctaasedg theol &%ﬂﬁd}%ﬁ%&lﬂe‘gbcme oose

At thi $uPQIVRIraiR LA BeabliY pbidcPirk RS D e RHEHRAR 0@ fin IR SRR BEuAASHTIal edge

portion is rounded in the principal surface of the sheet glass material to cause a “roll-off

problem” of the edge portion. That is, because the neighborhood in the outer circumferential
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[ Advant ageous Effects of Invention] [0020] The above net hod
for manufacturing a glass substrate for nmagnetic disk is able to
efficiently manufacture a gl ass substrate for magnetic disk in which

the s Ué&g%r’[idfnrﬁ%ﬂnﬂéd M’th@fshéeh?aﬁ)sr I‘nﬂt%h@lah di%'t«lzfnfc@S@cvdeﬁn BRI @8 Thyer and the
[Brief scription of Draw ngs FIG Ato G 1C are

Vi ews inpgnesic rhaad ngthe neighfrshoasd @fth ow@@m@ﬁewgﬁlﬁgda@ Boréies beegmaasdapger than
for | 0 t t

0%, MORRE i SARSSR b Dby BT o USRS i e
sheet gllag:ﬁmrﬂaﬂem plepard alsgiga&s shedtsilasatmatefrdlGis Beigdasa subgivate. The surface

rgnet TESHRLR ST aIA ot oA CHBEUITRE SSAL MA UGN PRCA e e bareop has
a pl anth%'r@ﬁ%déﬁ sﬁ%eap Ra AfdSlt btﬁ@?ecbﬂiuﬁ’% Qx%ﬁré‘a@ihﬁ‘d@grahﬂnﬂ)ﬁhe $nagnetic head are
FIG 5A to are views illustra ti’g;an exanpl e of the press

f ouni ngotu§¢¢1€ﬂ1Yr§@Il’qudHé thp ﬁw@a@twslamr i ghimriodgaf the qutes cigumigrential
Vi ews ti eqef the press formng in FIG 3;
FI G 7%4 g)%bf‘% g%sglrgg&é\}%éi\}\g Iinr ating still another exanple of
t he press fowikenghd maﬁilﬁng&ﬂoﬁhﬁée i8Andreaskd Gr i@ diskingipeewess, a time necessary

Il lustrating.still another a e press formng in FIG 3.
FI G 9‘E&riﬂ?§cﬂ15 \?&P&‘Pqesﬁ/ﬁsé’\ﬂfaé?mgﬁ’lﬁ%g?@gus used to perform grinding
using argoiiged abrasive grain in FIG 3, and FIG 9B is a view

illustrating a carrier used in the apparatus of FIG 9A.
10 is a Vi evxlnl the akavezegag, an evieat of the mpﬁeehmaermé\éﬁ ttgp@ggier?agiﬁﬁsabsttaéc for

ground %ﬁ qﬁ%ha{ Yre g]trfe!éla%e of the lglir@fpa%gsﬁﬁ%%e S%}gglge% difd a

VI ews ng an exa e of a SUI’ ace gl ass
mat er i aiethmﬂ fgﬂ ﬁﬁ&eﬁﬂ:jomanmﬁemnmgﬂrelglass suibitratafedmlamegicidmiﬁ ng or
pol i shi ng.
[Solution to Problem]
[0011]

According to one aspect of the invention, there is provided a manufacturing method of
glass substrate for magnetic disk including a pair of principal surfaces, the methed including the
steps of: forming a sheet glass material by performing press forming to molten glass, a principal
surface of the sheet glass material having target flatness for the glass substrate for magnetic disk,
the sheet glass material having a surface shape to be ground using a grinding abrasive grain;
grinding the sheet glass material using a fixed abrasive grain; and polishing the sheet glass
material using a loose abrasive grain, the sheet glass material having surface irregularity of the
principal surface ground using the fixed abrasive grain.

[0012]

According to one aspect of the invention, there is provided a manufacturing method of
glass substrate for magnetic disk including a pair of principal surfaces, the method including the
steps of: forming a sheet glass material by performing press forming to molten glass, a principal
surface of the sheet glass material having target flatness for the glass substrate for magnetic disk,
the sheet glass material having surface irregularity in which roughness of the principal surface
ranges from 0.01 pm to 10 um and an optical property in which a haze rate is 20% or more;
grinding the sheet glass material having the surface irregularity and the optical property using a
fixed abrasive grain; and polishing the sheet glass material using a loose abrasive grain, the sheet

glass material having the surface irregularity of the principal surface ground using the fixed
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[ Description of Enbodi nents] [0022] A manuf acturing method of

gl ass substrate for magnetic disk and a gl ass substrate for nmagnetic

di sk according to an enbodi nent of the present invention wll be

descri hpskivdgdrt ai | bel ow. FIG TAto FIG IC are views
illustrating a magnetjc disk that is prepared using | ass substrate
for magneti cAwgfrdg bereing “hm&%ﬁiﬁsetéf tlieﬁ% in ﬁl%f‘eﬁltaﬁsoﬁflbsgﬁf@fgi magnetic disk

(Magnef| n S
oot PSS TRt oo i 00T, QU TP oL¥fectARRY LR the spufhce, akligly of e
3B i ncprintiiped satfadep adtichrelyméd havd wéitesgléqsesrupamjt dorl magnetigriish, @t the time the

recordin ers) are rincip su ces _qf [i l as

Cubet riee BRI pRlEmadul T e e bRan RS THACR gty b LERPRAASRe shee
not il bt hadeRs, the ¢ Tgéi fldknese @€ theGhrintipal huafuee & sdtinanél gBEs sﬂb@ﬂraté&ﬁ" rAdpnetic
adhesive |l ayer, a sq magnet i c a non- nag](aetl c under|y

I a
| ayer , diskheangehe preas Euming iwaghiormed g@@éﬁ&l"h‘@ targs} dfatness, fhcse cWR}%meﬂtmg the
| ayer, gﬁggg{ F (IR, ooy is used in the
adhesi %lggﬁqggtg}rl&i%n thlag(}iﬁ&g?l\)ggf ge;(/er aegtiarsg%ggfﬁtg onding | ayer to the
gl ass si@bstrate 2. For exanple, a CoTazZr alloy is used as the soft
magnetic | ay. r.anul 1S Use
non magnet | e sRe PR B Ao THBRA By riraRRR AR E R rE R e motien gl
as t heTnepRRapA Gulfate HBGBShdet ol AlatiriADhhaHie targfiolatiosaipiie, gléss substrate for
mat eri al containing carbon hygrl de_is used as .the protective

| a
and a Tagesticisks aad e shegiedass aaterint hagthe Serdane ragulprity i gaugh th he dughhess of

I, TR S oo En PRCTLESE Ih (ARG SO e
CoCr S| B2e gy A0 mmncm MEgredonec thengless| gu’bﬁﬂgatb efyyemagaettco@slptca@b@ mFiudactured

granu eti.c and a carhbon dr.i de

sequenﬁi’%lfmi'ﬁﬂﬁ &BB%‘P% X’ﬁrfPWegioqulgttﬁ%? P tﬁw %&? grsaﬁ} ceé pS]EShtHI?%per S gd using
subst r giego@dseWblrdi - | The gi“m@ﬁhgspﬁbft serfomged ppav@tthges Wing the loose abrasive
per f 1 uor opol ethe ubrlcant | ayer is deg05|ted on t he deposited

upper meein valike thy canenipnal glephiianse sof Bepsie glass subshats fqr, @pgnalisydish can
FI G 1Gh Re08thanieRdseftA and 4B of a hard disk device float from
surfaces C([)?l ?he nagneg?c disk 1 by 5 nmin the condition of

hi gh- spg®d4} ot ati on, for exanple, 7200 rpm of the magnetic disk 1.

heads 4A and P PRLONcH A PonliehEstke Bis s e PR e bl PPaRRHEme

magnet iflted)pddss .to THE ab |a01®h1pl§19n@ff01ﬁllﬂﬁg ﬂﬁgllﬁet gldse atiseriv bgnubr@Bningnthe press
closely record _and read. the _infonnation in andfromt e 1%@51&5}&
| ayer &R hdgienpcvilesandwighingothe Tepp petgen suriaesg i Rt s Jigm both

and 4Bsppi gr ;% R& bt fhe |h§r}iﬁ lthe Hﬁ@ %@Jﬁg sétecalshgétzﬁﬁlaﬁy fdenBedTR@RSrhtre. The
recording I nformation area density of the magnetic

r ecor dislegt glass material c@ntw areppmdthmﬁhemrress Hermgings s Theibangipal supfagst of the sheet
magnetl dis 0 cireu 0
oreci s g z@s B]'ﬂ & éllsfé%s V\A' %ét%[atnes & {ﬁ e%a%g'tsﬁ& ra%%? nﬁgﬁ%fct(ﬁselé ﬁ%(% ﬁ'g:t slhget glass

target “surface accuracy
heads 4ftatatl hdHthe anrfmfeaenegﬂhﬁtyqneﬂat:}edlewbuglﬁwﬁhef ttle @hadflpﬂ shirfade fangésfrom
i s maint ai ned. urface irregul ar.i t¥ of the 132? Substrate 2
i s profédgn inio ym %&.fh@omrﬁah@maelﬁ peuhigh thediagerals haVid- a sral |
machi ni sh18 | owance, and subsequently processed by first polishing
and second polishing, in which the machining al |l owance can be
decr eased as Pepfﬁereblwthe wﬂr @%esgtsuommedgmrmmﬁelduaﬁgu e prage i Pedprped to

"roll - e.
princi 35811 S giég% th }z@glc}sl%cgg% at e ﬂf Slﬁzéféla %E?ﬁ r?goéfn&le% 1<1:1 e Sfep of
1 has somfiagehd shicep glaag tﬁayerlah vilai thb chhedniessl prSSs4fopnmgo in Ioek:s tcalpdepare the
sur face rou hness or, |.ess. The fl at nes
Car got ShieAEHEs e eumerBF MW TEESs TOSHEPRITY e et Be driiRd by
a finaleplipdutd prefsife £¥aMh&ant dife WiRbACRkasian tlﬁ)@dﬁ%ﬁéﬂﬂﬁ%rﬁ\dstfﬂnﬂmg. On

the other hand, in the forming method in accordance with the first and second aspects of the

invention, the sheet glass material having the high flatness can be formed even if the die is
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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,
t he suﬁggg&iih{rﬁ&ﬁﬁg@raiﬁgythie%r&g@&ﬁﬁlféé_ed into heave having the |argest
wavel engt h (wavel ength of about 0.6 p.mto about 130 mm), wavi ness
(wavel d9gt® of about 0.2 p.mto about 2 nm), micro-waviness

(wavel engt h @f ggg') ) - e : }

or less). prefegabqf%g{%%lge\:/télcan ag%ﬁg;({)fbg@ gggﬁ%ﬂ%\géf g%?lghég&géso %f;]t‘h@glass

i ndex, substlatt e mogigtiodsk bsar e teX o aasadd khe shher gass nf@dal ds proegsageto the

roughness Ra as gn | ndex.. [0028 . ..The gl ass substrate for

magnet fabgeafkgﬁﬂﬁﬁ\i?%‘éetgﬁédlé‘grs?eﬁégd theRolishigg 5. in which the fl atness

is 4 pmppi7] ess and the surface roughness is 0.2 rimor |ess, can be

obt ai ned t hrough a grinding process, a first polishing process, and a

second pol i sl?ﬁe?%;ahéy gwbldmg ispeppane ysorgd digmond sheet ipwhithedigmpeg particles

hand, ce | [k ity of the sheet glass material is not
BBV Rt G 80

i ncl ude i medi ately after the press forn ng.
However[00t e sheet glass material has the foll ow ng property: the

princi pal sugrface has the roughnes f.0,01 p.mtao 10 .the target

Pl at nese. of Preberehly fa maradra Bonet o6 ety st dorghalent d5uif hfGrdance
for maghnathe fich akd sSRaEIabpeal dint hevehlit Ne&S: elciddee (i dtEFbPakibsi tha GReet
is 4 pmor less; and the principal surface has the roughness of 0.01

pm t o glespnntepgldietvenndhe step phioroigdhe shegt slaspameterialiand dae grnding stem|
property in 1,C: -ha fi y 73.05, : I
20% or nore. ﬁ@grlgoé%bﬁﬁ?fﬁlgggrur ahlgg‘sP%t Snuétage (])({ff t eshgﬁtggf[alsgﬂ%ag%ilﬁ%a's the
mat er i edughsess ef 000 i@ t.@pget fl atness of the principal surface
necessary as_t he H%Iﬁgz%g:subst ate foA; mag} etic disk is that the
flatness of IM&E*§ the {ireet Dateess 15 b 9°She magnetic disk 1 is

mai nt ai pp@gdow t hout perform ng the conventional first grinding process
of adjusting the flatness and plate thickness, and that the recordin

] i ck . ] g
and readi ng 8peardinedngnether pspeetaqfnae itventasthars iapevatedcths ghss sebgtspte for

be per T ~els el E].‘?lff TR L P@a 038t BR first and
surfacIen Fr rfe£g(ljfls}glrnlnfﬁé1 an(fg? r??hglﬁt%?ca a(gj?llglg%}t y Oglsln?l'ﬁcectog ass su{)st rate
f or mageehd asghicskofttan irenipepahednbie tdess presstd for magyetid dsk dhedhe surface

gl ass material .having,the.aboye operty can be .obtained with the. .

| at er - H‘éesg?:‘hr@é&fl é}’sthfeoﬁ’r?ﬁcﬁifY S‘f*%écesﬁaé’e%egff S oh e PmaPT os% phe) e Brincipal
fl at nessfRk s the P @hnk&SF 0CBANQL 1Re. formed with the conventional

press formng. The reason the sheet glass nmaterial has the optical

property in which the haze rate is 20%or nore is that the grinding
is effig) Largueh the grinding process using the fixed
abr asi éa‘gar%{g#&%%%i : ghe reason the surface roughness of the
sheet g[®#g8] naterial is set to 0.01 pmor nore is that the grinding

is efficient perfornmed .to the sheet glass material. using,the fix
abrasi ve gr a%rﬁ‘? RHe F‘e?ng’sogng}f Hjéarg%ﬁﬂ@@g? (ﬁ%ﬁﬁ r‘?@@sgraé? fcfrh%la%r% lé:t(ﬁalf i gﬁe to
mat er i @fﬁciieﬁltlfr%ﬁalﬂlﬂacﬂlﬁe B glis®Eubsese fhrsmbBrtic URR ih Rekdaiesifact ieegularity of the
machi ni ng al [ owance of the polishing perfornmed to renove the deeply

pr ocee@riAgipelsyeResis seReYyd-t he grinding is suppressed. The surface
roughness of the principal surface of the glass blank is set to 10 m
or less, which allows the surface roughness Ra required as the gl ass
subst r éBecffloescrpiypretfi Ieradiingds] t 0 be securely adjusted. Preferably the
surface qoglllghness of the sheet glass material ranges fromO0.01 p.mto
1.0 p. m[ rder to efficiently scribe the sheet glass material.

The surface FIGegul @rFIG 0f ae sheed ilglkasmgrataigntic @ikaprdpared clsimy @ dzlass
by adj usti ng t he surface roughness of the die in_ the press formng.

[ 0030] substrate forgagrstigitkaaccoiling tp g embedimeng Phiks INEBHL | i ne gl ass,

and borosi | i ¢gt & Ol PSR 9P ¢ i RS HudBitiflg TREREI Ao ity t8 sBle®8Riss material or

a glass substrate.

FIG. 3 is a view illustrating a flow of a manufacturing method of glass substrate for
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(a) Press Form ng Process An apparatus 101 illustrated in FIG
4 includes four sets of press units 120, 130, 140, and 150 and a
cutting unit 160. The cutting unit 160 is provided on a path of the
ol t enpgbase didkedccblanisSio At enfbomant PPk eveatigss outflow port 111. In
t he apparatus 101, a lunp of the nolten glass cut_ by the cutting unit
160 i s causedG- 4 if aplangisw of athePparabus uise 1 Brep fousg 1p Fim bot h si des

A

f or m nthetapparstusef Fiy.ass materi al . Specifically, as illustrated

in FIG 4, i a us 101, .the f.our sets of pre units 120,.

130, 140 anbiGde BB BbvinaP s euR ardRirodurbitr Bebits SRty nd1G-
nol t enzgl ass outflow port 111. As used herein, "the

substantially same tenperature" neans that_an absolute value of a . .
t enper at ur e WiG iy @n@g) D gsenevss Hlupipaing stilleangthen cypanerlg of Gieprpgy forming in
surfacg@f; first press formng die constituting the pair of dies and

a tenperature at a press formng surface of a second press forn ng

die is 10C oFIG.&¥sto M. 8(parefveevabillpstrdtmgaitificinother wedmge of thehmess forming in
t enper hyre difference is 5C or less, nost preferably the absol ute

val ue the tenperature difference is 0OC. Wen a tenperature

di stributi onFrXicA Ss ia dREIPYRESof 8 AhPGatasinkat & peitftien ERMAE Alsiigea dixed
the press formng surface” nmeans a tenperature near a center portion

of t heayaeye gragt Wi G Juaiddddes. 9B is a vievpllustesting acarme usehin the appasaighet FIG.
into cgrtact with the surfaces of the pair of dies in substantially

the sane timng, and the press formng is perfornmed while the lunp is
sandwi ched bEIweldénis tahaews ullfisimEsg afstatdhim which actheeti gassimatead i1s ground with the
substanti al | timng. "The lunp is brought into contact with the
surfac@@x5¥u¥ﬁéﬁ%§pﬁ"of dies in substantially the sanme timng" neans
that the abspiqtia A6, of Dtabevicveahdtbfier aneanigd veesurtdee pidfite of ih@ sheet
nolten glass |unp cones into contact with one of the press formng

sur f ac esumateripeonglass subibraiep high igphtained QRErEdRE ST PHiHINEont act with

the other press formng surface is 0.1 second or |ess. Mire

preferably the absolute value of the tinme difference 0.05 second or

| ess, p[Dskriptiaf ef Gbbyditgstsabsol ute val ue of the tine difference is 0
second.(kﬁg 3] Each of the press units 120, 130, 140, and 150

IS drivE a noving nmechanism (not illustrated) so as to be able to
proceed and Aeihﬁlﬁﬁﬁctwiﬁ%mkﬂﬁ)ﬂﬁﬁtglésg shibktrateDiol @apBbRS 8isk Whll laopasgaGubstrate for
111. That is, each of the press units 120, 130, 14Q, an? 150 C%P he
moved Beghindigk ageoading fo & eredupent oF tha presgot puention will bglegenbes n detail
positigg%gposition in which the press unit 140 is drawn by a solid

line in FIG 4) is located i nmediately below the nolten glass outfl ow
port 111. ThEIGetA eaFIGhdsi siconewpidestratiogs magnehic disktthas ipprepered nising a glass

120, 13 a 150 are dra b ol.id lines. in.FIG 4 and a position

in whi é?%sﬁfﬁgedf& Bag % AU VBl IRCPlon | Tne in FIG 4) Qs

| ocat ed[goagy fromthe nolten glass outflow port 111. [0034]

The cutting unit 160 is provided on a path of the nolten gl ass

bet weefMegeeticdtish apbGlass Sbsing f‘f"ﬁ@"‘%??@ﬁkbl ass outfl.ow port 111. The
cutting unitplh aggﬂétmsdi&mom@. (Aai&l nafted akeviceheyd-e9At0d 38 including
"gob") of the nolfen glass by cutting a proper quantity of the nolten
gl ass faf dedishgnagoetid dayers frerpaidicatar ghagnstioutetirdweplayers] kie fammedcint piingpal
unit 160 4 ncl udes a pair ,of trl |.ades 1,@an 2. 1T t

bl ‘ades A oH e BE el A B PR R B " MR pelRafh Ahi%n o
pat h ofillishetctth tREG. §) exf dtthe tiystsadBA ahd ABngcluliea idiesioalidsien fifanhegnetic
161 and 162 intersect each other, the nolten glass .is cgﬁ tf obtain .
the gobRYeTHNPLNABHE] ”&gﬁfhfl% fayer SWnP BN R IaT HRARISHE FECRBYRg [agfy, 2 protective

[ 0035] jayer, and d MrREASBy&N Fol 2Rahpie] HAGSalfyf ishibd Gh @hel ddhes@e I8FRNGd the

adhesive layer acts as a bonding layer to the glass substrate 2. For example, a CoTaZr alloy is

used as the soft magnetic layer, a granular non-magnetic layer is used as the non-magnetic
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FIG 5A to FIG 5C nore specifically illustrate the press form ng
performed by the apparatus 101. FIG 5A is a viewillustrating the

state before the gob is nmade, FIG 5B is a viewillustrating the
state jpHeyi %’é}ealﬂioé) giafuldPAR 1ct19f'er(iélﬁ§édn£ tﬂ@bél?éxﬁﬂeulﬁﬁﬁa o r&@rdlng
is a V|em1|llus rating the state in which the she | ass materi al

i s forhwger byop peaslsplmga mﬁ@ngb@ntqim@g gprbon hydridenss yspd as thea’-tI@TGCtilW gy, and a
5A, a n ri tinuously flows out fromthe nolten
gl ass gﬁﬁ %5\?vglﬁor‘fseﬁ%ﬁw,&@l}%% ﬁg% nt, the cutting unit 160 is driven
at pred@DE{h1ned timng to cut the nDIten gl ass materi al LG u3|ng t he
becomps a uBSt BREIAI IS pHGH e Aesbisd CTmEr sebout PREIT éhir bradicive
ther eofayed, B ¢4 ZERARI Bz sbH ShdAbSd 1By, I F'@C@lozgg%aﬂﬂﬁlfﬁ%ﬁ@%’%‘ﬁ]ﬂeﬂymg
per tine of the moiten glass material LG and iving intefval of

t he culayémg @«vﬁ?:tPt 860, Tl granulet wagnalichlaydhiaanda getboaduidade motactivadprye are
of aboyt v, i

{o0o] audttefeBos BT HoBEhbyihorpR syl i BallubarkiZ T e type
first shuetedizd @pﬁtaaaconﬂd piftuct@dlgdthdrhimbprag slayen is H2fositdd drhitlse deposited
point, the first ngVIn unlEP%ZS and the second driving unit 124

(see QWQmQWHA@@r‘V?@gW at the first die 121 and the second

die 122;gpose close to each other at the timng the gob GG enters the
gap between the first die 121 and the second die 122. Therefore, as

i1l ustrated Anillsgateddp FiGel Gomagmsticeadspddaad 4Bcallgharyl dige dpeer flons from
first gﬂr %@ 5t ﬁ{%drﬁéé}%ng s(?cnfj bg'fe&r]izxﬁ Jhg‘goéd}nﬁ(g{r og Hg@%&f %@ﬁtlo?xl for example,

surface |rs di e erentl
sur f ac@22WPdan, of tltel’tﬂag@uo détkdi. e Th2RiscadBtantoRentfiGedChs dnher Amhis paint, the

mcro d the g sandw ched, bet ween .t he i nner .
1 ¢ cunfiERisit SeoS a7 Rk T REr feed BrES G dhOSH G, # fffeihe magnetic
ci rcunfagegnt mak Mﬁ@qﬁ ﬂk%zﬁlagﬁetfchﬁea‘é@&gﬂchndl 3 14 bissdipro®Adidhdoredd the
thin-plate shape. A projected spacer 122b is provided in the inner

ci r cunfrdprantion|in gu¢ figwethe 2oegnetic tayer efcthe mepsaptec dislp 1jwithoug gliding thegppenetic

t he ga eRE L YR ng '0 {€he h# g&’lent Il%{%}' ﬂ{e ect) e;é%gl mézéafgrﬁeg S%ﬂetfld I8 ordlng

di e and the 1 nner circu sur ond
122 ¢ onﬁ“d)mmtmnimtand Sjght dms&;pefihe magﬁéiﬁheodrdhﬂge second di e abuts o n

t he i nner circunferent ac 2la.0 rst di
Lhe pap het whohots s & TeofRes SHewdle 2u Pt bk Thashchi i I 15T & burer
di e 12%iraefetdigal BONLS ]g&hbﬁ wher gatikal prodckaaewil daroef sirhRe 5&%@1@’66&/ cHind the

122 is kept constant to generate a di sk-shaped space. [0041]

t enper Bragpeticisads b apd éRzan mﬁqsab(top@mt@swhléﬁ %ﬁlﬁ@%ﬁd&f. Soem iy lﬁa@é?emfsd
f the first t
ol e rrs i%%g%ﬁlég@lﬁﬂt)ﬁ?féﬁ%gﬂk@ s&%?rateaﬁ]g i)?@gsreﬁ ﬂr‘? Eﬁ @ lﬁﬁltgha fixed

first die 12 IS retal ne Icle
a gl assbmmaemsg'ramohammgrprelsmhllrmadf@mg alhvavamod,t amnl gumqudnﬁy processed Ay first

time until .the g S,CO confi.ned en the first die

151 andobhit e SdRon poRoS R BhichiinS BReh BRI o e ke resuit
the i nBeheGhinging! € nepdrdilglys tid @aeenkidhal ‘@b11obEprbblest idhiegol¥ed or the
inner circunferential surface 122a of the second die 122, is as

ext renel4%28hort as about 0.06 second in the apparatus 101. Therefore,

the gob GG i g, J&r n@gem 1%&1&5&@@%@ %lagﬁe&a%@?ed% &ﬁﬁ%%ﬂ&gdﬁﬂn

al ong the inner CI surface of t I rst
t he i nhayswiace lrrﬂ‘gafaennjz inawhish rﬂfamess it 22an of ldshend ewtaed rtnh@n&@?is (i2trimn or less.

o1 +ai PEAESTRG o it Retesgrani ol e SRRRF R pspto disk as

di sk- shaped Fbaet. dF@SexanRll€r thal fldtmesk tatilte: arhagédreith affinsxasMeFT-900
t he sheet Iass material Gis a disk-shaped plate having a di aneter

of 75 msnpBcissdhby NMDEK SfhekEDof Taﬁéeﬂghae%ﬁf thepaingipal surface oy pxpressad by
first difnlfit 2389pd RRREGOR iR B IR0 2968, WiRn MIEDT AL rah g from

0.006 um to 200 pm, for example, the roughness is measured with a roughness measuring

machine SV-3100 manufactured by Mitutoyo Corporation, and the roughness can be computed
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In the exanple illustrated in FIG 5, the substantially spherical gob
GG is fornmed by cutting the flow ng-out nolten glass La using the
cutting blades 161 and 162. However, when viscosity of the nolten

gl ass gat, ?ﬁétﬁt{xda%tgﬁdgg g?]?é Bowsi-Boges 9—?904 rds@lt 81 ¥R Iﬁé%u&fnehh Gévlﬁﬁt?h@ﬁ)ukﬁness

be cut,” the not become the substantially spherical sh ape
only b;s @03 pingr teig fopktamplgl the sougBnessnid nidasurgd bvifhsa pesmningrprelle migroscope

h s b f ' dig i 4
e CRRDe P RSP el PR b TP 280, A Hgnes cn e
enbodi sgfiputed bi-h @etlind dﬂﬁee@ejanfsmmsagzodﬂe is used in the
nodi fication, FIG 6Ais a viewill ustratqllﬁ[(;%l tge sgﬁate bef re the h
is made, FI Gn g embodingngyihe syiiagerarghngss pehe sheet glass gt ﬂ%’@ewbegddé‘t
i s "Bdﬁleb%ug/ﬁﬁ‘e f%éabﬂﬂlg‘HiaEhxﬁ@@\ﬁ@fb@nﬁﬁﬁfaEﬁEéH Bg Mi&o%%oxﬁ&ﬂu&d Gnd the

6Cis a vie ustrating the state in which the press ' fornng is
per f or mﬂactaouglmegbbf C@ gl@smaib@trath@@he@pstgvcaebmgas éﬂfiaallifeGWlth the scapging

|IIustratb ( A %, > 1c@c the nolten glass La to the press
unit 189 eémﬁlioﬁ%oé’g %tﬁ E‘f §?n‘§ {{he ‘ocks 181 and 182, and the | unp of
the nol fogn7pl ass La cut vvlth the cutti ng unit 160 is received by a
recess 180C for med by | ock 181 a 182. Then, as illustrat in

FIG 6B, thefifl @éntogf a’E%é{’ce“ﬁeE]g%%“ncghglesb‘Hg“Fclgieg%lﬁ’& e fﬁ"et Fgface
recess; r}«%%ﬁntt l:insbéj&ﬂ&ﬂe@"i%cfoﬁﬂ?re Eﬁl%@es%b&rd%%% ﬁ%va@@l%né‘th@ t}@ﬁrregul arity.
openi ng t ocks 181 and 182. \Wen ling down toward press

unit 120, th8pegificall e oweisce ha‘eglplh@tm eSaI01E§Biﬁp@ Y0 tmevemwa@e the largest
t f. t | t t.Lat
! oD E TR OBl i 8 AR, i S S5l Baghleo:

first dietd2boand hlig), Slﬁﬁ@@dzadirﬁsleQa‘te@eﬂgﬁf fodr uit ey po €S sarhpr aridngoughness
t her ebi ‘(ngparl the d -shaped sheet glass material G [0048]

Al t er n&t# QIFPGE‘?S ed in FIG 7Ato FIG 7D, in the apparatus
101, inst eadng HegdeBart BE & a'ITeEs!eﬁga}Uﬂiet ﬂa?tﬁ&;s'ds' S tdaak eshd theMlo@ohfhs tetn be
FIG 6C, a noving nechani srrt hat noves the gob formng die 180 in an
upst reamrdweéby|tlcmardhmatne|@mmerremhné$3rlﬁms aringg*ong the path of the
m)ltengi LG may be used. FIG 7A to FIG 7D are views

illustr g a nodification in which the gob formng die 180 is used.

FI GS. 7A andTEB gase subsavise ifbl nmpnetici dngk tHaeingt tit esubfeto ieegulreitgom @Bidhsthe

made, FIG 7Cjs a viewillustratin e e in which ob S
made bylafKes §obHMoRTEHRi t@e f@@aceafﬁgglmee 157@ n@ or 1955 ¢AR F&E%‘%@Cﬁ@ugh 2
the st atigding pY’t'ﬁHe§sh alihQ pRliSSA fn‘%@@snﬁld' agseﬁ&{dc}]%l glpRodehieait® Brdk>fdrMhing.
make t e shéet gl ass materia ustrated in FIG 7A,

the recess 18wahe othepbansy thm@rﬁp@@kegv@pthﬁﬁt@ehw@i@ﬁ vesderidhas pjlingpded in

| ass
1 ot P 40578 i O LB AR S0RNARS Tyl eBPlrip s iferal s the
t he dovfpisdwiagrpropetiy: dfic priscipdlsurfate hirethroloigimegt af §.01Guat to 10 pm; the target
r edet m ned her eby cuttin e ss LG n, as
Pl ¥t et el Reninel SERESebtRbY B 106 R i e GLpuER isg s spédifically
predet ghdmngehsoir Fﬂe'}%nciﬂaﬁﬁﬁ‘ffa% &4 ﬁlﬂﬂ%rmlstﬁﬂ tBeé ﬁ%&lﬁéﬁSﬂﬁé@'lﬁ@%@t}Muﬁ}bﬁss of
bl ocks 181 and 182 fal down at one tine, and gob GG becones the
spheri &dll piaoe! oy hé\dgimqnaﬂe the 1B rglass ma’e@rw&ﬁm én ogtied progsrtypg which a
il lustr I 0 h 0
sphor i Gaf¢ it Taaey IR KoM B8 RT3 bs Rbebl BopbleFisod M (el Rétmess
second offi |t1@e A2t glasqomxafeunmst fee tqorhestmghbﬂmim&g oftthe pehgipgr splace ng:esﬁhley as the
di sk-s ed sheet. gl ass ma
o o 1 YRR e HHBR e sttt s PBRET 9 s RSl ot inge Hagnetc

GG a gy ﬁrmeﬁmaﬁm @Mdlﬁl?krf&hﬁﬁg tiite@in@ehtimapfiso biiedh® grdcedsnECjstag the

illustrated) is caused to down and the press formng is

per f on-fhgeest end platel thisknasp andithe thescpigig ad fﬁ@%&ﬁﬁ%ﬁ%‘ﬁ’édﬁ@%@ﬁﬁtﬁlﬁ heads
sides bel veenglLgs paﬁ%ﬂ?% E&%rﬁgﬂ' NBort Q@aﬁ}ﬁé | m@fsntdie 1£§§mﬂatgﬁal fiaChas the

surface irregularity and the optical property as the glass substrate for magnetic disk can be

prepared by the press forming. The sheet glass material having the above property can be
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- 418. A

Then shape processing is perfornmed to the scribed sheet gl ass

material G (Step S30). The shape processing includes chanfering
(chanfering of outer circunferential end portion and inner

ci r cundtasiead with tbmkdtqwitesdribn;l press formingf Ffdaemheee glass matenibbhamg te fahgss of 4

portion and inner end.. t|on of the i ng sheet

ot er | B G GGG e PBHo ST gha AT RHETR REPRLTTENGr aliF T puaaDy SHep) ehss
G i ndi fgteRBRAPERSHe Wptiod propeed iAbTIAsH ViR Kdzairfke is 20% or thoRNsGhatnHe REndisg is
performed to the ri nrgt sheet glass material G_ usij ng the fixed abrasive
grai n ¢feieptlppofornpediherahirearinding ripeentmniies teifrgd ebrasive geén-abr asi ve
grain t@ 4he nachining al |l onance of several mcronmeters to about 100
m cr one erg For exanple, the fixed abrasive grain has the particle

si ze of abouThel@addmthe surface EOUBhn&A off sheesheetvatasalnhateriadis wf talh0hpproranos is

used t rfor. rindin and FI Bis. a, view illustrati a, . .
can i eitab B gt A PRtorkieTio B e b iidsal Y5 Blefba Borasive grain
i1 T ust TR tdaSort R sﬁm&@rdu@hm!; oh tidéheshglads @hRESl WBtElHl B p.ﬁi darsle‘ébeis MBat the
ground, [O%D@] illustrated in FIG 9A and FIG

appar athgeea thﬁmaem@@géllpww ofihe pRlshipearegonned togﬁmeb%}e @wlygé@eedmg
pl ate ca

D un 536 cAled BY FhOBindIRgls ddresd ThL Rt bon By OPRE PACRAL ke of
418. the glass|bhbankhis satptmalr(amusorm@m, whiieh alivivey thalsugfecer roggitness Ruaredquicsl 4sythe

i ate g5 sdrithao syt i be RESsR RiREEr TREP G p SR of

int hetHe%@ét@ﬁssQﬁﬂéné’rQ@ngek Frdmk G.0198n 6 e Livid Gider foedfhicidBy adribe the sheet
retai ned. The surface of the di anond sheet 410 bonded to the | ower

sur f ac8lapi meteriao? and the upper surface plate 404 in a planar manner
constitutes [WsToll t

i's ground byﬁ?‘ﬂgﬁrﬁ%gge%r ﬁ%ea g%f %la%nlﬂﬁh&?lgﬁhf%l gél gﬁ%ﬁ@sﬁ%ﬁhsﬁg the
i s useshrfdcd@@xghness of the digiri the pstss &rmang.n FI G 9B, the plural sheet

gl ass ”@bﬁ@j als Gto be ground is retained while disposed in a

circul a e made in each carrier 408. During the grinding, the pair
of princi pal Felexhaghs alfimihbeliciie glasy lsedus]imnm tobisk,adnd Goaduili aiteoglagshean be used
di anond sheet 410 whil e bei ng sangvvl ched betdv\%en t he, | r surface

pl at e 302 vagherial ey iy géass suhsiratce? Bt Hicanagygtic di Feriqu yofl}?eaﬂurﬁgwaﬂlcate
the shegls %ao%%uﬁmghg&i m%&t%h&ﬁfc@ﬂﬁﬁgen%ﬁlehfh% éaRW@'beﬁb‘ﬂ'rﬁeﬁca%d% e 1 Qass

by the carrier 408 I ncl udes a gear i'n an outer

ci r cunfahstatedor Mhgnatiardiskeexcalidnt domythg ébtneh:eo%thn pyasipalsipfage and theestrgagth of
gear 4%{38 }é\gr%hcaaree réovécfied in the ower surface plate 402. \Wen the
sun ge i lnobl in an arrow direction, each carrier 408

revol ves ar OArtﬂxetrﬁ@llgts&eggnenengizasmmtmmQmmyrrgmtafmag\ bamiglwr phircet toif 3 to
as a planet. gear._ Therefore, égeet

oo oo TR O 1 phonepe T 18 R B hid B s i paeblypsed

in the,apRalRhilssitOfe g@sPump 420 supplies the coolant 418 in the
reservolr 416 to the upper surface plate 404, and the punp 420

recoverEDOﬁh]e cool ant 418 fromthe | ower surface plate 402 to return

the co faétugn%{%el}o gag b {r%ﬁg) n%‘v{lgmé irculating the cool ant

es’'s rf generated in the
gri ndi ng froEIG hee i04 iviesh ﬁiglsauuiﬂ@aélo“Spﬁauﬂmmﬁdtmngi methbé ofipibass atibsrate for
400, when the cooI nt 418 .1 s cw&l gted the filter 422 %r t\[ﬂﬁded i

&tS Ye

the | oWEEif fisk OF Hreasrmbodiment; | (g shectiglass CgsPual s Biepateg e Hgrming
swarf igvep tORNT 1 HiRN pAddred [ $206 laCSiS rilzfenaihﬁaﬁrthé"%wmguﬁlfo@&@y hag tieace

surface profl I e ill ustrated in ﬁ/ the grindi nﬁeum ng the
fixed abegadiriie igr whishrthe flainess jof the wrigoipe] bwceathahds. 4 é@(ﬁ@fpﬂ@n@ﬂs of the

t he surf.ace p ter t [ e br.a

gr ai n, pgﬂc&pé s&%ielrﬁcessag Vltg%\’glg{ SQS% rate fof Foty a%ﬁéthcedlslk X ‘p%l% 0{ B ,St%e irouéhness

prof i | of afet etndifd sagmeenhgan@ém droindinng L(Suﬁg ahﬁlehd ogtxal alupasy vie which the
haze rate defined by is JIS K7105 and JIS K7136 is 20% or more.

For example, the press forming is performed with an apparatus illustrated in FIG. 4 and
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[ 0057] FIG 11Cis a viewillustrating an exanple of the
surface profile shape in which the grinding is easily perforned using

the fixed abrasive grain, while FIG 11Dis a viewillustrating an
exanpl grcpfs. t Age HHsk aGfming Ol 1% SRR MBd WHhCR dpP&a85% iMdagdis FRArdIFG. 7
perforfrarle(g Usi ngiﬁ?‘ﬁe fi 32% abrasi ve grain. ' b As ilTustrated in ’

FI G 1a@ Fighén FHhe. $isqjden egwpafraniappaeiyiedPI pseskingbe piess foainguFiGaceto FIG.
profilg while the roughness.is,.0. 0l pm or nor t he gringdi i .
bast |y altiare SRRrGEHEN 3R n i 0 ARl o b B b B hg Fhenyjeed
t he ot fem hadelfacas illustrated in FIG 11D, when the projected

portion does not locally exist and there is a relatively snooth

sur f acelOP%2k he surface profile, the grinding is hardly perfonned

usi ng Ealjl@rgsgiﬁgﬁniﬁg ive grain even if the roughness is 0.01 pm or

nor e. The difference of the surface profile shape can be
expressed byAnhgpiratre 10htiBustratedtiniHG. #Hacludesefiouybeis of presennitd 128, 130, 140,

havi ng_t tical ..proper i i e rate.i 0
does ot bR £ 8l RBEABY, e Wi BF BT Brb B o 4 Y R g e
'EI_EE g][ ﬁﬁdﬂﬂ?% b6t ﬁiﬁ?dhﬂol&ﬁrgfl@ﬁ ﬁ&?lo:u@rﬂ gl hdnfthe)@ﬁfaﬂhrsalf)!l ,Vzleltg’(;a?ﬁ'the molten
erefore, e surface shapes o e er cirgc erentia rfaces .
121a af@s198&ydhe pHEng el 1855 %ﬁalae@tffaﬁﬁawadwsﬁﬂséu% &ffﬁ%ﬁﬁ TpfgE ot sides
for mdoﬁﬁl%%llﬂ%%ﬁl BRURI LAl ChilaSanihechzl HeAb@n uf 884! A1d batr 8Ndick BBt to the
optical property. In this regard, as the optical property of the
sh;aet_ gl%%gtlm wﬂfetbmgc&aw@rthﬁrﬁl@' fmntltgéhgﬁ@égiﬁssenﬁéﬂﬂrrent , the haze
rate is 0 LS re. : . p : :
grinding is %%?C’%Scraﬁ%’di Su@?%at%%len Ell%nn%ﬁ q%%éﬁg{%gdi{l%?&m e?t%lug? Féceﬁqﬁrégtgﬁlg s
fixed abo,asoyesm@raadnsararproeided heiméran® od 9p aeticed asuad thepnoléndgdssmayflow
be used ini ead of the dianond sheet 410. For exanple, a pellet that
i's forﬁ%‘aI i/ bi nding the diamond particles by a resin can be used in
the grindi ngAYSEROnd-ER, #thX Schsaialy Y&l Rrath@0aRhnd thht KH8®olute value of a
pol i shing Process After the grinding is perforned using the _
fixed simesitue dfference betgecipalteraparaiyre & ppiepoforming putde of Hied prefs fgsning
mat eri gl St 0)..: . i.shi ] . i nL.shi
s per Pl bR B Hair o b B AR e ARPirE L AGFof b QbR Bl
out er - Gridngndieie NCadr-18¢sd e Murd pfdaablefthd imokiteedlugbiths tamfeesting differoyce is

brush polishing. At thi int, slurry that includes fjine parfjc¢l

such as”€&F 1% f&%tdgegga%bﬁ&q%6%1&%@&1%3?%6@?%?%3@56 giginod fRdC. When o
cont ampgldrAreOfishibalioR NG HATRABe PHGE Remmgl {dfical &tht aBRYeLnRY at the press
performng the edge polishing. Thérefore, generation of ions such as

a sodi fmmargispcaSeRm aRmpRraBEE e deeRiss PaHoR ahthsPress suEneR I ALe060]
(e) First Poi’{'e?é}hlﬂg ptég p%@ﬁgg%%%@ggﬁgecoﬁ%{ LGk ﬁFQG&S&a’glg %afir gﬂgies in

first polishing T1s round principal sur
sheet glhlasmtialy drel sameGEntiSEemdS66 presf-tormengispleefprihdtbwhile dte Ipmbiis kindgriched

has t he machi ni ng. al | nce of ,several mcroneters.to abq o .
 or omBeeen the srCen e e Bt 0EF HoE subiSHRNT sRHS el crtbo Iom s brought
flaw | gfth comabthitiPiHeRaHRak of d Bseofibein sibfadillpahd@Gmesimbet Aeahd #atkthe
abr asi ve Ogr ain and the deformation. The apparatus 400 used in the

gri ndi absol e &plus 96 thetgne gifferrnce briateen Hrealing ghegnaliten glass jumg cppes Hdo contact
first i shi i S -noi i [shi i

o et L 80 R Mk e LRI S Sl Bt
sl ur ry with thhetltenpbiss fdrodse salfrcass 08 graidnon lsssus ddore pstfeatilyothe ahlute value

fixed ahrasive grain; cool.ant.is not used:.a he resin .
b0l § sndf e e 1 ekEiee A0S SRR I HAoLIB Pt tho sbbTuE RRR of the rime
exanpl giffdrbeSt Oképnef the turbid fine particles such as cerium oxi de

(particle size: dianmeter of about 1 pmto about 2 pn) is used as the
| oose ab¥3dive grain used in the first polishing. [0061]

Each of the press units 120, 130, 140, and 150 is driven by a moving mechanism (not
illustrated) so as to be able to proceed and retreat with respect to the molten glass outflow port

111. That is, each of the press units 120, 130, 140, and 150 can be moved between a catch
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(f) Chemcally Strengthening Process After the first polishing, the
sheet glass material Gis chemcally strengthened (Step S60).
For exanple, a mxed solution of potassiumnitride (60% and sodium

sul f at s tg%]/%né: At YR8HiIoAS Bhs eI gﬁh:‘tﬂfm 5(%)559&{ e Wl‘ﬁ'&h 8R! pbésOmit B0 is

the ¢ strengthening, for ex he chem ca

str engtﬂl‘ra*e'mhygi @bﬂdmﬁom FiG. %eatc@ateﬂ @nsmd@tetl:obalgw@e 1ﬂ¢éten\/géﬁia@ll’f§h@éloft 111,

gl ass G, s heat e 200C e a

mat er i Ere% 15t Fl&gg(ﬁ}? ?Sen PR ¥ 1eCinll(%}(lza 1Ie§’/S g trs g%gﬁ?g h?‘?ldg{%%[r%p fag%n lﬂos?)%a lines

t hr ee inOFIfCQW aiDa h8sitibh ¢f ewhaddl the prEBsanﬁtel‘HO Hedrdwrebvadlrekegpr limecinpBlG. 4) is
surfaces of the_sheet gl ass material re chem cal | y strengt hened,

t he df@ﬁﬁﬁ%aW§YB€Fﬂ%?ﬁ@@e&ﬁkﬁ%mﬁﬂgwﬁpﬁﬂi - sheet glass nmaterials G are

acconwg@ d in a holder by retaining the sheet glass materials G at

t he en ace When the sheet glass material Gis dipped in

t he cheni cal lee smttleggmﬁetﬁmgs soividedoen at pesh |0t the umelfepnglassdbetiveers ¢l oafeh

ion in_the su e t l,ass t a I 2 d

by the %Sbb(fnu r?{lﬁfl atﬁ aIH@( otogg%cl’s‘pu 0|trto$1i lﬁm h‘g{}ﬁfé’ u?att ?@el@ a(rﬁgee tump

i on r afertseter Iaisbhefeﬁﬂéﬂrtb(hal“lgyb Ht crfethgtrﬂnﬂmnrgassdjyutummg ar;ﬁsmapsnmaymf the

t hereby strengthening t eet s materi al et
it o TP B EHECHb RS Gt ey CUet SRORERTIg L+ A5¢ punt gt 18 includes

per f or ey 5t WAGKE B1adEO" 6 %A P68, @BE %ﬁﬁﬂ%sﬁlhdf@ idlearﬁf'@@i aﬂ% 8fi%en so as to
material” G using the sulfuric acid, the sheet glass material Gis

was hedlrm@se@g egshrashaxanghe path of ﬁm mpléenglagsat censtash gnyng. [ 0¥ba] thegytting blades
Second P

ol 1 sni b 1€ T Pt et ok M b PSSR, cup 1o obtpah P g6 PT ottained aob
chenlc&Mbﬁoﬁhﬁ@mgﬂhbmmngapmﬁamnent and washing are sufficiently
perforned Step 580). For exanple, the second polishing has the

nach|n|H@ | owance of about 1 m The second polishing is
i ntended at TK@% srdrﬁtrlz@l{haa&@ P@st @ielmg @Jec&lhpdlenmcet m! dr$HAg 8616123, and
The apparatus 400 that is used in rlndl usi ng the

fixed alseesidvdsivirzumit 424 tFashrafrtbe ﬁpi’.f)ldiﬂshiilngnf;% @@ésCCSGIOQIeul%Z us adlatershaped
t he secql n tnL di,

from ¢ Aatfef BB isphoe e 1B Bhim ey SRR} Y 2, GRS die 121
parti ched she gehdt die 12208 dhpmdvmcgrthamnomﬂ dﬂ'eatmlmesﬁ thod stnﬁ'm:es dscome
pol i sher ) For exanple, .the slurry of the tur f|n p rtictﬁf

P nch® asHtsPHigiy B A Ay sii et i rirtiedy besaicspagel dp i Rty B frs
i s usedr@mghif 1b9eaReaHcFRbMEe gmatdgru&%d ahd) rétfwt WEE ege® iheltbagd die 122.
The pollshed sheet gl ass materi al i s then washed. A neutral

det er gOhmthe ptheehapsh dre scapisl dving pait dddqaysas thescopisiling22 tharogeeisand retreat
SUDSET Q8 oo gmgtﬁ&sg i 51,2 DRK oRohd £ 1461k 2 ey 128 AU Y {dk¥ind ifdving unit

whi ch t'he e principal sur ace umor less an
r oughne% mciudehe muchad sip dor eausmg(ﬂm susfaOe Af therfirstrdrivérgsynit $23obtddhe ed fivg of

t he se shin Ilustrat din EIG 1 .the .

| ayer s HeReaty 4R TN 124 e FREPRIEgERe T whfofriata dRchanion
gl ass ﬁwﬁich%%rfc@hn&%m@tsbﬁn@ia:ahdacbn sﬁﬁ@@é@oﬁmfﬂeﬂagne“ c disk 1.

The fl ow of the manufacturing nethod strated in FIG is

descri bed abBeeausq fhet ﬁ@chrw%fhemr@s tslltStH@ é&‘?,u axdnkpY @Féﬁnézzotp thpigot the
thg Sh?ﬁegs Pﬁl?‘ff@%l%@ S tﬁ)?lsgigﬁ*)e és@ UH&E%U P éﬁﬁtl‘ﬁ?%ﬂa élﬁﬁte rinding

usi ng I xed’abr as| grain irst po |shing
(Step Sp@pe] and the chenlcally strengthenlng (Step S70) is perfornmed

bet ween the fi.rst polish St S60) . and..t h ond pal s n

350) - Fowever Ent B RAER e eh b P Rk BRStor Ehe PR s A adish B fpen
above. AsfilsPB@ 2a8 thd'gechd B OdrikGh S thel it driviLgl udid hAs theesedrdl drivift emit, and
S40), the first polishing (Step 560), and the second %@lehlng (Step

S80)  aflee gl fsofonmed iipfotmprsdefermned tiHgkngsy whbils gagidhyespo )ther%hifep@aw the
Proces g fanbtietestiss niidi R CHRA £fd:!ife SlebERAF AEVEND thStRRarHodkion, the

first die and the second die are separated to cause the formed sheet glass material G to fall down.

A first conveyer 171, a second conveyer 172, a third conveyer 173, and a fourth conveyer 174
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[ 0064] The machi ning all owance in the conventional grinding
(first grinding process and second grinding process) and the
polishing (first polishing process and second polishing process)

exceedg, ”é!g(g)\fl i ‘beﬁo REFerleR ﬁc%ﬁﬁ)lng &f tc]{'éepﬂeé%"\(lﬂlﬁvlgb PiO tihe, {ddatIve ssp@itively.

the for ass material. That 1s, the machining allowance is
set | aBgdrofi the tﬁh@ t@ dnwereongereers 17T Elt 17girnen@1v¢1§1e sbedicmdass nagierial &¢ atlng down

grindi process glass materl

"1t nelQEnbR e e B sres Bl B, MR Sah s o SR s et o an
f | at negspatHud @Pf Wveehted) RIS keprobdse. machi ni ng al | owance is
|neV|tabI¥ increased in the first polishing and t he second polishing
accor dil®§3tlo the conventi onal processes. The "roll-of f problent of

the edge POr oy cﬁr&uy\hb@hstdaﬁﬂgﬁle&lwaaﬁ hpacknefprbdieuist €20, 130, 140, and 150
circunferenti a ge portion is rounded in the glass substrate, is
causedsdqyemttaéiyl mpg@ tordbhicaichasitioswendc ava tohtbe peirea Hiastfioacwbilel |ﬂiifg gpb is

t he copnyv ntlo es Th
(e CoRYABAURACL, BLPRESRE o0k ShPLIREIARA, B AR s o
t hat t he doaktk of the eidet £lasd MatpAili G reeach prassaditi n performng the first

polishlﬁg &Qd the second polishing. [0065] In the nethod of
the enb the principal surface of the forned sheet glass

meterial IS BiOWK twmg SChﬁofe! é&%@lfﬁ?ﬂﬁ%‘lﬁ‘sﬁa&r Rk rbre@nﬁénm@ ﬁdrfo‘i?ﬁ'led by the
polishing can be perforned to the ground rlncyg surface
fe

sheet gmms@um&ner I FHG. SPhisreviswelllustinatingethpstatobe thﬁ@OérmmﬁdﬁeﬁiG ﬁleﬁ a
machi n| n | n n ease t

e i THGIERGE 698 S LBTRERAE Akl 08 R ghPl0 e g yiew
grindi flglstrhﬂilfg thb saic ipadhichiha gheetintss Mhetesielo® mdfopnbd bipregsing 0RGH).

(Exanpl e Cbnventlonal Exanpl e, and Conparative Exanpl es)

Her ei naqué? the effectiveness of the nethod illustrated in FIG 3

was confir maﬂs illustrated ﬁll_thaISF(' RQSdIlnCAiR Hatasd [ DdoriBudfkid SbRe oubfibm the
2.8% 2Zn02, 3 to 15% Al 203, fo 16% Li 20, and 4 to 14% Na20) was used

as t herrglllfas lasa et oay port 111 ATHES paigheth cultimgamitked) Balriven 5 fredstermined

Speor t Raft 5 Sy HOTpRALE S B roFidd BE SO Py 80B8E Jperc. sm)

magnet iI‘heﬂeﬁ)te rthe titen&lomrofase Beg:maaml mbstammllryaglmtqabgom@e dlig tongysurfege tension

br o1 OB aeine P E BRI I dpBs PEGH O B AEOP] (R leh alas

sur f acgst&fal tRendlaas SRR VA 0e thelhi@ihd it PR eirle lé@ju@tl@@ ls@t fhef a gob Gg having
| ubricant | ayer was deposited on the deposited uppernost |ayer by a

di ppi ng radivhefiborhE} mbyisdermeddavary tithe thegyHng uwitditgds dive 7]~ -
Exanpleg% Lo 11 The gl ass substrate was prepared by the

met hod the enmbodinent illustrated in FIGS. 3 to 5 using the sheet

gl ass materi a‘he hﬂmlb gob Gadakuddvac mward e gap hetmeyn the fki il 12 hend saabmdde 122

of the pr.inci ace s 4 p r Less an [ hnes of. the

pri nci PAMsRie Sa%t f%d] d?ﬂ"ﬁf e fgfs Q‘Gnﬁﬁngr]n&g d?lhegs%ﬁ? gdying Wit 124
proper t(é(ee' FIGMa %Fb Elki‘ﬂmhﬁﬁzﬁ thaltRe \Was (ﬂ@e@p %ndTﬂ{eesecB&DG&] 122 &a@ﬁmalbeé td/each
Exanpl e he ot her hand, the gﬁass substrate was prepar

t hr ougr@ﬂ@w @bthsztonmg ﬂ& BpP Seeniars thergegtbetiveen thy &rst gig {2k td (hesgcond Ho 122
form ”Q‘he{el'g o Qtrété‘d i #. st Ghé ol?G]JS ﬁﬁP&i %QE Qét% {Hétig&%%% 121

i n which e Toug ness e prin sur ace ower
pm whi laed ttl’masef:d)ml died22.0f Anluenep |c1rcmrnf¢adntlsh$u’rﬁnce 1eesof4the fimt dre 1 dsmdamdnner

t he haze rate wa 2 % Qr,.noLe. arativ to_ 8

The g SUSUEREUI PLed Mika 23F Bhdieea T grosnth St o ooy Bipeiafe ' mitro sap,
i Il ust gl gek pob BLGandwibled hawpELES ihadrtimGmifdrbntil satrad 12na Br@& firdt aiedl21
5 u5|ng the sheet glass material in which the flatness of th

princi gaf tinpercicaserants! pirgice|1édsobihe staved disulgirie samsf intpe thin-plate shape
princi %brcﬁé&é@éﬁﬁc&aﬁ%ﬁqs bl i tneP b CoitnFe@hdd AR 2A&FRZ &cond die

122 in order to keep the gap between the inner circumferential surface 121a of the first die 121

and the inner circumferential surface 122a of the second die 122 constant. That is, the spacer
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[0070] Conparative Exanples 9 to 11 The gl ass substrate was
prepared through Step S20 to Step S80 illustrated in FIG 3 by the
press formng illustrated in FIGS. 4 and 5 using the sheet glass

et er | fazb b 8 Wi &Bodd 8iel ARENES SO el %Lreﬁmﬁ?éxﬁﬁi sﬁ‘f‘a{cfeapﬁavﬁsthé RsthUiQr121,
| ess, e roughness o# the principal surface was nore than 10 pm and

t he hawherﬁlay theygap b2¥een thenone. cifcofantiabembened il v of Emi«rﬁlde%lalzartddhqmner
Th I t d.t 820
T 0 SR PR TP RSl B T e ERA B R i spaed

5 usi ngpatde sheet glass material in which the flatness of the
pr|n0|pal surface was nore than 4 pm the roughness of the principal
surfacé:péngd from0.01 pmto 10 p.m and the haze rate was 20% or

more. [0072] 4 tgﬁ h Qm}ol EX@ARiSm (not illudteRed! @30 AUREIT &icB IFBfRe first die

pr epared usi ng t eet gl ass naterlal prepared by the conventi onal
met hod121( amt h@dn@udse:ﬁb%@dtdutmnpap‘ames@ thatfiesitditd 21 3ndgeasy die 122 is retained

(Conve ) st.ari n rlndlng t he
iret  DORRERT, oS Rta s Bmsifithishineiing Toct A% BFFOT il clion T ha

the prepar edAginaesmtﬁlﬂlhtsgdba(tjgldmmﬁlételysnhﬁﬂmebetwwgub ﬁlre;ttdye 121 aMdithérsecond
the flatness of the principal surface m.or | ess

r oughn@és! 28 faftch ghepgqth G Fames e seBGRuith the Wﬁ%‘%ﬂqu&f%fentl ffta%yl a of the
sheet gl g% 178 m@ihﬁer%c%%rmtﬁd% stfdc® 1334 @f‘t‘ﬁe CoFRAURL 1202i58% %ﬂ@érﬁay Short

to 14 were prepared while the surface irregularity shape of the die
used i #s tahempﬁﬁéssefcomdl|1ngtha/a@p@mal$gé@1 [ Doexgforerhide cemdiGd ahdomied: o the

0r 1 0 0BRGP b0 0loo AR e Td oA CRRAL Ak k129X BBl Sfric

to 14 Wers"de nNg process using
abr asi vel @ﬁcﬁtﬂeﬁnﬁhraﬂﬁﬂiﬁfe&&ﬂﬁ! surface 122a of He detaist dxpCIIZl'Z S»ﬁtl'ﬁ'ng apeogasdy short

cerium_.oxi de avera art cle size; er of th
pol i shiig: 9{,533 raﬁj; Iy, Qo%}eq]] ang, sglllltgim ﬁ‘;ﬁéthﬁa@ ug? gilﬂjs t?lereby

al | OWagfe? ﬁl@ cﬁﬁl-s@a@@d sheet glass hid€erREEPNAnRRE 'eﬁxhbdﬂ%eﬁf %ﬁﬁ}‘é&mple the sheet
col | oi |ca (average particle size; dianeter of 0 t he

- L p
pol i shighaep m@rq@bﬁf oravdgksbined zéatgdfat»'mgcﬁ digmeten i & Spadto ma%éﬁhwkws of
allowaqg Ef 1 pm I n Conventional exanple, the first grinding
process M5d ¥ He second grinding process were perfornmed as the
grindi ngpopepcess using the | oose abrasive gain The conditions of the

f t l'i shi th | h f
Convent i onal AGHalS Beb st THett] 01 seras sz ciee SRFpl B8 I gty 2gngpickly
Corpar ﬂdvg@tOQH@f'%leﬁt;polﬂtfoﬁ hétead B Tdss unit 130 mm@s {ohe Chio12 slfiﬁﬂlp@ﬁﬁ the press

endur ance test O times) was perfornmed to eval uate | oat i ng
stabu|unw1é@p@ﬁenwé@me@ww%W@ébeeﬂh Grespect to the obtained magnetic

di sk. T, L endurance test is one that checks error occurrence,

dirt of ea after test, and abnornality generation such as abrasion

by oper at i ngAfieethdDDesshaxitdi i mkveteioithe yettent posityal, ¢heofirst diepl 21>andBhs seqond

of 70CH2SavTRRICEH WHE O P oo GRG0 CP eSO ied T Bysnodt glas

=600006hstdr17e @‘r BedoM Qﬂeés@ a e Bsed afyddld gﬂﬁt)ex TREL, TBOEAY dHieme unit 123
the test result was evaluated as fail when a nornallkﬁ was generate

even i Andie sqpmd driving _unrralBﬂ ereldiiyqofgseparals thBrst disghleans the seqondglde 122,
Corpar 0 oS aleRh] EPbyS oyl Roi o 18R 5, {20, Anddin@fieyer 171 located
or fai bglowtBOPptks (ifiableretives the sheet glass material G (see FIG. 4).

[0044]

As described above, in the apparatus 101, the first die 121 and the second die 122 are
closed within a time as extremely short as 0.1 second (about 0.06 second), and the molten glass
substantially simultaneously comes into contact with the whole of the inner circumferential
surface 121a of the first die 121 and the whole of the inner circumferential surface 122a of the

second die 122. Therefore, the inner circumferential surface 121a of the first die 121 and the
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Sheet glass material Evaluation Flatness (jun) Roughness (pn) Haze
rate (% Possibility of grinding using fixed abrasive grain Flatness
after second polishing process

mner circumferential surface 122a of the second die 122 are not locally heated, and a
deformation is hardly generated in the inner circumferential surface 121a and the inner
circumferential surface 122a. Because the molten glass is formed into the disk shape before the
heat transfers from the molten glass to the first die 121 and the second die 122, a temperature
distribution of the formed molten glass becomes substantially even. Therefore, in cooling the
molten glass, the shrinkage quantity of the glass material has the small distribution, and the large
deformation is not generated in the sheet glass material G. Accordingly, the flatness of the
principal surface of the prepared sheet glass material G is improved compared with the sheet
glass material prepared by the conventional press forming, and the target flatness of the principal
surface necessary as the glass substrate for magnetic disk can be realized.
[0045]

The surface irregularities of the inner circumferential surface 121a of the first die 121
and the inner circumferential surface 122a of the second die 122 can be adjusted such that the
optical property in which the haze rate is 20% or more in the formed sheet glass material G is
obtained. The surface roughness of the inner circumferential surface 121a and the surface
roughness of the inner circumferential surface 122a can be adjusted such that the arithmetic
average roughness Ra of the sheet glass material G becomes 0.01 pum to 10 pm, preferably 0.01
pm to 1 pm.

[0046]

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 Lg 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.

[0047]

FIG. 6A to FIG. 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 1s 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 Lg 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

15



(fult) Possibility of adjustnent to target plate thickness LUL
endurance test result Exanple 1 3.91 0.013 20 Possible 3.88 Possible
Pass Exanple 2 3.33 0.088 20

the press unit 120, the gob Gg becomes the spherical shape by the surface tension of the molten
glass L. As illustrated in FIG. 6C, during the fall of the 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.

[0048]

Alternatively, as illustrated in FIG. 7A to FIG. 7D, in the apparatus 101, instead of
using the cutting unit 160 illustrated in FIG. 6A to FIG. 6C, a moving mechanism that moves the
gob forming die 180 in an upstream direction or a downstream direction along the path of the
molten glass Lg may be used. FIG. 7A to FIG. 7D are views illustrating a modification in
which the gob forming die 180 is used. FIGS. 7A and 7B are views illustrating the state before
the gob Gg is made, FIG. 7C is a view illustrating the state in which the gob Gg is made by the
gob forming die 180, and FIG. 7D 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. 7A, the recess 180C formed by the block 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 Lg retained by the blocks 181 and 182 falls down at one time, and the gob G becomes the
spherical shape by the surface tension of the molten glass L.  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.

[0049]

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 fail
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 15 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 vnit 220.  As illustrated in

FIG. 8B, the glass material grasping mechanism 212 releases the lump Cp of the optical glass to
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cause the lump Cp of the optical glass to fall down. As illustrated in FIG. 8C, during the fall of
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, thereby preparing the disk-shaped sheet glass
material G. 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.

[0050]
(b) Scribing Process

After the press forming, scribing is performed to the formed sheet glass material G as
illustrated in FIG. 3 (Step S20).

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 pm or less. In the case in which the roughness of the sheet glass material
exceeds 1 wm, 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.

[0051]
(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).

The outer circumferential end portion and inner circumferential end portion of the ring
sheet glass material G are chamfered using a diamond abrasive grain.

[0052]

(d) Grinding Process using Fixed Abrasive Grain
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Then grinding is performed to the ring sheet glass material G using the fixed abrasive
grain (Step S40). For example, the grinding using the fixed abrasive grain has the machining
allowance of several micrometers to about 100 micrometers. For example, the fixed abrasive
grain has the particle size of about 10 um.

FIG. 9A is an overall view of an apparatus used to perform grinding, and FIG. 9B is a
view illustrating a carrier used in the apparatus of FIG. 9A. FIG. 10 is a view illustrating the
state in which the sheet glass material G is being ground.

[0053]

As illusirated in FIG. 9A and FIG. 10, an apparatus 400 includes a lower surface plate
402, an upper surface plate 404, an internal gear 406, a carrier 408, a diamond sheet 410, a sun
gear 412, an internal gear 414, a reservoir 416, and a coolant 418.

In the apparatus 400, the internal gear 406 is vertically sandwiched between the lower
surface plate 402 and the upper surface plate 404. During the grinding, the plural carriers 408
are retained in the internal gear 406. In FIG. 9B, the five carriers 408 are retained. The
surface of the diamond sheet 410 bonded to the lower surface plate 402 and the upper surface
plate 404 in a planar manner constitutes a grinding surface. That is, the sheet glass matenal G
is ground by the fixed abrasive grain in which the diamond sheet 410 is used.

[0054]

As illustrated in FIG. 9B, the plural sheet glass materials G to be ground is retained
while disposed in a circular hole made in each carrier 408. During the grinding, the pair of
principal surfaces of the sheet glass material G abuts on the diamond sheet 410 while being
sandwiched between the lower surface plate 402 and the upper surface plate 404.

On the other hand, the sheet glass material G is retained on the lower surface plate 402
by the carrier 408 that includes a gear 409 in an outer circumference. The carrier 408 engages
the sun gear 412 and internal gear 414, which are provided in the lower surface plate 402.
When the sun gear 412 is rotated in an arrow direction, each carrier 408 revolves around the sun
gear 412 while rotating in an arrow direction as a planet gear. Therefore, the sheet glass
material G is ground using the diamond sheet 410.

[0055]

As illustrated in FIG. 9A, in the apparatus 400, a pump 420 supplies the coolant 418 in
the reservoir 416 to the upper surface plate 404, and the pump 420 recovers the coolant 418 from
the lower surface plate 402 to return the coolant 418 to the reservoir 416, thereby circulating the
coolant 418. At this point, the coolant 418 removes swarf generated in the grinding from the
grinding surface. Specifically, in the apparatus 400, when the coolant 418 is circulated, the
filter 422 provided in the lower surface plate 402 filtrates the coolant 418 to retain the swarf in
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the filter 422.
[0056]

The principal surface has the surface profile illustrated in FIG. 11A by the grinding
using the fixed abrasive grain. FIG. 11A is a view illustrating an example of the surface profile
after the grinding using the fixed abrasive grain, and FIG. 11B is a view illustrating an example
of the surface profile after the conventional grinding using the loose abrasive grain.

As illustrated in FIG. 11A, in the surface irregularity of the sheet glass material G, only
the projected portion is effectively ground by the fixed abrasive grain, and the grinding surface
becomes a profile shape in which a recessed portion and a crack are partially generated in a
relatively flat portion. Obviously the relatively flat portion includes the irregularity having size
corresponding to the particle size of the fixed abrasive grain, for example, the roughness. On
the other hand, when the grinding is performed using the loose abrasive grain, the recessed
portion is also removed in addition to the projected portion as illustrated in FIG. 11B.
Therefore, after the grinding is performed using the loose abrasive grain, the flat surface does not
become the surface profile illustrated in FIG. 11A in which the flat portion 1s relatively
dominant.

The grinding performed using the fixed abrasive grain is not effective for the roughness
of less than 0.01 pum of the surface irregularity. That is, the roughness of less than 0.01 pm is
not ground by the fixed abrasive grain. Therefore, in order to effectively perform the grinding
using the fixed abrasive grain, the roughness of the surface irregularity is adjusted to 0.01 um or
more in the formed sheet glass material G.

[0057]

FIG. 11C is a view illustrating an example of the surface profile shape in which the
grinding is easily performed using the fixed abrasive grain, while FIG. 11D is a view illustrating
an example of the surface profile shape in which the grinding is hardly performed using the fixed
abrasive grain.

As illustrated in FIG. 11C, when the projected portion locally exists in the surface
profile while the roughness is 0.01 um or more, the grinding is easily and effectively performed
using the fixed abrasive grain. On the other hand, as illustrated in FIG. 11D, when the
projected portion does not locally exist and there is a relatively smooth surface in the surface
profile, the grinding is hardly performed using the fixed abrasive grain even if the roughness is
0.01 pm or more.

The difference of the surface profile shape can be expressed by the haze rate. That is,
the sheet glass material G having the optical property in which the haze rate is 20% or more does

not have the surface profile shape illustrated in FIG. 11D, and the grinding is hardly performed
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using the fixed abrasive grain. Therefore, the surface shapes of the inner circumferential
surfaces 121a and 122a of the dies 121 and 122 are adjusted such that the formed sheet glass
material G has the surface irregularity and the optical property. In this regard, as the optical
property of the sheet glass material G according to the present embodiment, the haze rate is 20%
18 more.

[0058]

In the grinding apparatus 400, the grinding is performed using the diamond sheet 410.
Alternatively, the fixed abrasive grain in which the diamond particles are provided may be used
instead of the diamond sheet 410. For example, a pellet that is formed by binding the diamond
particles by a resin can be used in the grinding using the fixed abrasive grain.

[0059]
(d) Edge polishing Process

After the grinding is performed using the fixed abrasive grain, edge polishing is
performed to the sheet glass material G (Step S50). In the edge polishing, mirror surface
finishing is performed to an  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.

[00601]
(e) First Polishing (Principal Surface Polishing) Process

The first polishing is performed to the ground principal surface of the sheet glass
material G (Step 860). For example, the first polishing has the machining allowance of several
micrometers to about 50 micrometers.

The first polishing is intended to remove the flaw left on the principal surface after the
grinding using the fixed abrasive grain and the deformation. The apparatus 400 used in the
grinding (Step S40) using the fixed abrasive grain is used in the first polishing. At this point,
the first polishing differs from the grinding using the fixed abrasive grain in the following points:

- the shurry of the turbid loose abrasive grain is used instead of the fixed abrasive grain;

- the coolant is not used; and

- the resin polisher is used instead of the diamond sheet 410.

For example, the slurry of the turbid fine particles such as cerium oxide (particle size:
diameter of about 1 pm to about 2 pm) is used as the loose abrasive grain used in the first

polishing.
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[0061]
(f) Chemically Strengthening Process

After the first polishing, the sheet glass material G is chemically strengthened (Step
S60).

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 by
the sodium ion and the potassium ion which have relatively large ion radiuses in the chemically
strengthening solution, respectively, thereby strengthening the sheet glass material G. 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 alcohol).

[0062]
(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 pm.

The second polishing is intended at the mirror surface polishing of the principal surface.
The apparatus 400 that is used in the grinding (Step S40) using the fixed abrasive grain and the
first polishing (Step S60) is used in the second polishing. At this point, the second polishing
differs from the first polishing in the following points:

- the kind and particle size of the loose abrasive grain, and

- hardness of the resin polisher.

For example, the slurry of the turbid fine particles such as colloidal silica (particle size:
diameter of about 0.1 pum) is used as the loose abrasive grain used in the second polishing.

The polished sheet glass material G 1s then washed. A neutral detergent, pure water,
and IPA are used in the washing.

The glass substrate for magnetic disk 2 having the surface irregularity, in which the
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flatness of the principal surface is 4 um 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 3A and 3B such as the magnetic layers are
deposited on the glass substrate for magnetic disk 2 to prepare the magnetic disk 1.

The flow of the manufacturing method illustrated in FIG. 3 is described above. In the
flow of FIG. 3, the scribing (Step S20) and the shape processing (Step S30) are performed
between the grinding using the fixed abrasive grain (Step S40) and the first polishing (Step S60),
and the chemically strengthening (Step S70) is performed between the first polishing (Step S60)
and the second polishing (Step S80). However the sequence is not limited to the embodiment
described above. As long as the grinding using the fixed abrasive grain (Step S40), the first
polishing (Step S60), and the second polishing (Step S80) are performed in this order, the
scribing (Step S20), the shape processing (Step S30), and the chemically strengthening (Step
S70) may appropriately be replaced.

[0063]

In the embodiment, the two-time grinding (first grinding and second grinding) using the
loose abrasive grain is not performed to the formed sheet glass material G unlike the
conventional method, but the first polishing and the second polishing is performed to the formed
sheet glass material G after the one-time grinding is performed using the fixed abrasive grain.
The reason the one grinding process can be omitted is that the sheet glass material, in which the
principal surface has the target flatness as the glass substrate for magnetic disk, having the
surface irregularity in which the roughness of the principal surface ranges from 0.1 pm to 10 pun
and the optical property in which the haze rate is 20% or more can be formed.

Additionally, in the grinding using the fixed abrasive grain, as illustrated in FIG. 11A,
only the projected portion in the surface profile can preferentially be ground, and the machining
allowance can be suppressed in the first polishing and second polishing of the post-process.
For example, the total of the machining allowances can be set to the range of 10 pum to 150 um
in the grinding and the polishing. Accordingly, preferably the sheet glass material G is formed
thicker than the target thickness of the glass substrate 2 used in the magnetic disk by 10 pm to
150 um, and the sheet glass material G is processed to the target thickness by the grinding and
the polishing.

[0064]

The machining allowance in the conventional grinding (first grinding process and
second grinding process) and the polishing (first polishing process and second polishing process)
exceeds 150 pm in order to resolve the low level of the flatness of the formed sheet glass

material. That is, the machining allowance is set larger in the conventional first grinding
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process and second grinding process. When the sheet glass material G is largely ground in the
conventional processes, the crack deeply proceeds while the flatness is improved. Therefore,
the machining allowance is inevitably increased in the first polishing and the second polishing
according to the conventional processes. The “roll-off problem” of the edge portion, in which
the neighborhood of the outer circumferential edge portion is rounded in the glass substrate, is
caused by the large machining allowance in the polishing according to the conventional
processes. That the neighborhood of the outer circumferential edge portion is rounded is
attributed to the fact that the hard or soft resin polisher is used in performing the first polishing
and the second polishing.
[0065]

In the method of the embodiment, the principal surface of the formed sheet glass
material is ground using the fixed abrasive grain, and the first polishing can be performed to the
ground principal surface of the sheet glass material. Therefore, in the method of the
embodiment, the machining allowance can be decreased in the grinding, so that the machining
allowance can be set to the range of 10 pm to 150 pwm in the grinding, the first polishing, and the
second polishing.

[0066]
(Examples, Conventional Example, and Comparative Examples)

Hereinafter, the effectiveness of the method illustrated in FIG. 3 was confirmed.

The alminosilicate glass (57 to 74% S10,, 0 to 2.8% ZnO,, 3 to 15% ALOs, 7 to 16%
Li»O, and 4 to 14% NayO) 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 CoTaZi/Ru/CoTaZr soft
magnetic layer, the CoCrSiO, granular non-magnetic underlying layer, the CoCrPt-Si0,-Ti0O;
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.

[0067]

- Examples 1 to 11

The glass substrate was prepared by the method of the embodiment illustrated in FIGS.
3 to 5 using the sheet glass material having the surface irregularity in which the flatness of the
principal surface was 4 pm or less and the roughness of the principal surface ranged from 0.01

um to 10 pm and the optical property in which the haze rate was 20% or more.
[0068]
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- Comparative Example 1
On the other hand, the glass substrate was prepared through Step S20 to Step S&80
illustrated in FIG. 3 by the press forming illustrated in FIGS. 4 and 5 using the sheet glass
material in which the roughness of the principal surface was lower than 0.01 um while the
flatness of the principal surface was 4 pm or less and the haze rate was 20% or more.
[0069]
- Comparative Examples 2 to 8
The glass substrate was prepared through Step S20 to Step S80 illustrated in FIG. 3 by
the press forming illustrated in FIGS. 4 and 5 using the sheet glass material in which the flatness
of the principal surface was 4 jum or less and the roughness of the principal surface ranged from
0.01 pm to 10 pm although the haze rate was lower than 20%.
[0070]
- Comparative Examples 9 to 11
The glass substrate was prepared through Step S20 to Step S80 illustrated in FIG. 3 by
the press forming illustrated in FIGS. 4 and 5 using the sheet glass material in which the flatness
of the principal surface was 4 um or less, the roughness of the principal surface was more than
10 pm, and the haze rate was 20% or more.
[0071]
- Comparative Examples 12 to 14
The glass substrate was prepared through Step S20 to Step S80 illustrated in FIG. 3 by
the press forming illustrated in FIGS. 4 and 5 using the sheet glass material in which the flatness
of the principal surface was more than 4 um, the roughness of the principal surface ranged from
0.01 um to 10 pumn, and the haze rate was 20% or more.
[0072]
- Conventional Example
The glass substrate was prepared using the sheet glass material prepared by the
conventional method (method disclosed in Japanese Patent No.3709033) (Conventional
example). The first grinding, the second grinding, the first polishing, and the second polishing
were performed such that the prepared glass substrate has the surface irregularity in which the
flatness of the principal surface was 4 pm or less and the roughness of the principal surface was
0.2 nm or less.
The sheet glass materials of Examples 1 to 11 and Comparative examples 1 to 14 were
prepared while the surface nregularity shape of the die used in the press forming was changed.
[0073]
The conditions of the grinding and polishing of Examples 1 to 11 and Comparative
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- the grinding process using the fixed abrasive grain: diamond sheet,

- the first polishing process: cerium oxide (average particle size; diameter of 1 pum to 2
pm), the polishing was performed using a hard urethane pad, the machining allowance of 10 um,
and

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

In Conventional example, the first grinding process and the second grinding process
were performed as the grinding process using the loose abrasive grain. The conditions of the
first polishing process and the second polishing process of Conventional example are identical to
those of Examples 1 to 11 and Comparative examples 1 to 14.

[0074]

The LUL (Load/Unload) endurance test (600000 times) was performed to evaluate
floating stability of the magnetic head with respect to the obtained magnetic disk. The LUL
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 §0%.
After the LUL test of 80000 times/day x 7.5 days =600000 times in which 10 HDDs was used
for one experimental level, the test result was evaluated as fail when abnormality was generated
even in one HDD.

Table 1 illustrates the roughness, flatness, haze rate of the principal surface in Examples

1 to 11 and Comparative examples 1 to 14 and the LUL endurance test result (pass or fail).

[0075]
[Table 1]
Sheet glass material Evaluation
Flatness | Roughness | Haze |Possibility] Flatness |Possibility| LUL endurance
(nm) (umy) rate of after second of test result
(%) | grinding | polishing |adjustment
using process to target
fixed {um) plate
abrasive thickness
grain
Example 1| 3.91 0.013 20 | Possible 3.88 Possible Pass
Example2 | 3.33 0.088 20 | Possible 3.15 Possible Pass
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Conparative exanple 12 4.14 0.088 20 Possible 4.18 Possi bl e Fail
Conparative exanple 13 5.81 0.077 20 Possible 5.99 Possible Fail

Conpar

a]:“,)lie:ll:ple 31 271 0.166 25 | Possible 2.65 Possible Pass
Example 4 | 3.45 0.289 20 | Possible 3.58 Possible Pass
Example 5 | 1.56 0.563 30 | Possible 1.92 Possible Pass
Example 6 | 0.77 0.721 25 | Possible 0.83 Possible Pass
Example 7| 0.89 0.981 20 | Possible 0.91 Possible Pass
Example 8 | 2.55 1.034 20 | Possible 2.49 Possible Pass
Example 9 | 3.96 1.362 35 | Possible 3.87 Possible Pass
Example 10| 0.53 2.071 20 | Possible 0.51 Possible Pass
Example 11| 0.41 9.723 35 | Possible 0.40 Possible Pass
Comparative] 1.22 0.008 20 Not 1.32 Not Not tested
example 1 possible possible

Comparativel 1.58 0.011 5 Not 1.55 Not Not tested
example 2 possible possible

Comparativey 2.41 0.057 10 Not 2.52 Not Not tested
example 3 possible possible

Comparative] 2.22 0.065 5 Not 2.31 Not Not tested
example 4 possible possible

Comparative] 1.38 0.096 15 Not 1.43 Not Not tested
example 5 possible possible

Comparativeg 1.56 0.664 15 Not 1.66 Not Not tested
example 6 possible possible

Comparative) 1.50 0.998 15 Not 1.55 Not Not tested
example 7 possible possible

Comparative) 1.22 2.562 15 Not 1.18 Not Not tested
example 8 possible possible

Comparative] 0.81 10.39 40 | Possible 0.75 Possible Fail
example 9 '

Comparativel 0.64 11.34 40 | Possible 0.55 Possible Fail
example 10

Comparative, 3.04 13.33 35 | Possible 3.11 Possible Fail
example 11

Comparative] 4.14 0.088 20 | Possible 4.18 Possible Fail

example 12
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exanple 14 7.63 0.083 20 Possible 8.15 Possible Fail [0076]

As is clear fromthe conparison of Exanples 1 to 11 and Conparative
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the pr aQlem Ng - . hh I

subst r Sres YTy SRRE's | PALGLIUR bt BB B B AR B Mnch oo Tanece
was r efromed0 byt the Ogrh add g aphidalthepgrl insttiicigthe waes mbeyist20% gl s, the LUL
substrate with the target thickness including.the surf

T r equriirtye fuskeenieelBimhd Rl gtn s Srdial P bR ot gdgance test
prepared.  In Exankples<®RY @Ntah® WRinpRiaivelcRahplefBdo 1Y, boRueOMLentdded of the
met hod, the thickness of the sheet glass material was set |arger than

t he t apgesipal vekerees thef slwﬁeglgssa@étegglb@t exgeeded oY s yhginthe pepsy feming was
t hi ckn 1 v Lodj t i Sl -
mherebéé?ﬁg&81gggggg%%§ngggvﬁgﬂq¥héﬂghgég€qk i%ﬁﬁgséﬂ§g§8§b?§!g%ng%“ms
obt ai npeforbedevidr the corewas! iolgs®t afeble sdrding precesei ghbor hood of the outer

ci rcunferent] edge portign of. the netic,disk in ich the gl ass
subst rate. of ICHHUEREY bita) L BeRisterss aL R SRer: et BisrALl I b rersS HBRg ves
the "rQirder@hdn tRE eREQMickdBS 7 the glass substibteDESETO RRCG0ABOY S, ahb end @BidkREss of
sheet glass material has the surface irregularity, in which the

f1at negg Lot tq he) Ry Was panoved bydbe grladmg;@ﬁg e p@ssg%nafh?wby s glapresipstrate
of the el ¥ - h

opt i cal G LR BRI AMEE NS SRR By by AU Pudugance fest
i s foumds tlato bépregareddi ng is effectively perforned using the fixed

abrasive grajn. At fthi oint,. "t flatness.of ,th rjncipal surfac

o o of 1 bigomienbidhe? eREhDE formied R TR ol bR R SR RussS PE iR SFeet
i Nt he gpika@atefUbDShY St Birf@thiBEB eirk& tHickiess bPMéGlass substrateA BT 3OEMS &id the
manuf acturing a gl ass substrate for magneti ¢ di sk according to the

pr esenthitkngesiel 158 hasvap senowedurthostndibgged (e netshipg.svhaduehe glast fdstrate
pr efsennvifhn\’}%mfa’rg& hSckiels Wa 48 16 Be ghﬁirﬁﬁpvq{%@ﬂ' freRhs obBved that the
various al ternations and changes coul d be nade hereto w thout

depar t neightharboed dfeths wiuter tcirgfimfdnentiahvéget pahion pRéfeanegretic Sisrin wliigh jhe glass
[ 0079]

substrate of Conventional example was used was rounded, which causes the “roll-off problem”.
[0077]

As described above, the formed sheet glass material has the surface irregularity, in
which the flatness of the principal surface is 4 um or less and the roughness of the principal
surface ranges from 0.01 pm to 10 pm, and the optical property in which the haze rate is 20% or
more. Therefore, it is found that the grinding is effectively performed using the fixed abrasive
grain. At this point, “the flatness of the principal surface is 4 pm or less” means the target
flatness of the principal surface in the glass substrate for magnetic disk.

[0078]
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
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1Magnetic di sk 2d ass substrate 3A, 3B Magnetic | ayer 4A, 4B Magnetic
head 5 Quter circunferential edge portion 101, 201, 400Appar at us

111Mol ten gl ass outflow port 120, 130, 140, 150, 220 Press unit

121, 22thEiabste (diréodj&imﬁ 1DRavarives attemetiodsearghthaagesonfldbe made hereto without
122, 222Seco q% 122b acer 123First driving unit 124Second driving
uni t 1%?5”@{}[ P el’§§ ing blade 171First conveyer

172Second conveyer 173Th| rd conveyer 174Fourth conveyer 212d ass

mat eri al graspi ng mechani sm 401Lower surface plate 404Upper surface
pl at e [Reference Signs List]

[0079]
1 Magnetic disk
2 Glass substrate
3A, 3B Magnetic layer
4A, 4B Magnetic head
5 Outer circumferential edge portion
101, 201,400  Apparatus
111 Molten glass outflow port
120, 130, 140, 150, 220 Press unit

121, 221 First die
121a, 122a Inner circumferential surface
122,222 Second die

122b  Spacer

123 First driving unit
124 Second driving unit
160 Cutting unit

161, 162 Cutting blade

171 First conveyer

172 Second conveyer
173 Third conveyer

174 Fourth conveyer
212 Glass material grasping mechanism
401 Lower surface plate
404 Upper surface plate
406 Internal gear

408 Carrier

409 Gear

410 Diamond sheet

412 Sun gear

414 Internal gear

416 Reservoir
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4061 nternal gear 408Carrier 409Cear 410D anond sheet 412Sun gear

4141 nternal gear 416Reservoir 418Cool ant 420Punp 422Filter [ CLAI M5]
1. A manufacturing nmethod of glass substrate for magnetic disk

i ncl uddrgg a @ajlantof princi pal surfaces, the nethod conprising the
steps of: form ng a sheet glass material by perform ng press
forn1rﬁQQ(3 oM N gl ass, a principal surface of the sheet gl ass
naterlga 7 haut;png target flatness for the glass substrate for magnetic
di sk, the sheet gl ass material having a surface shape to be ground
using a grinding abrasive grain; grinding the sheet glass materi al
using a fixed abrasive grain; and polishing the sheet gl ass
material using a | oose abrasive grain, the sheet glass materi al
having surface irregularity of the principal surface ground using the

fi xed abrasive grain. 2. A manufacturing nethod of gl ass
substrate for magnetic disk including a pair of principal surfaces,
the nmet hod conprising the steps of: formng a sheet gl ass

material by perform ng press formng to nolten glass, a principal
surface of the sheet glass material having target flatness for the
gl ass substrate for magnetic disk, the sheet glass material having
surface irregularity in which roughness of the principal surface
ranges fromO0.01 mto 10 pmand an optical property in which a haze

rate is 20% or nore; grinding the sheet glass material having
the surface irregularity and the optical property using a fixed
abrasi ve grain; and polishing the sheet glass material using a

| oose abrasive grain, the sheet glass material having the surface
irregularity of the principal surface ground using the fixed abrasive
grain
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3. The manufacturing nethod of glass substrate for nagnetic disk
according to claim1 or 2, wherein the sheet glass material is forned
thi cker than a target thickness of the glass substrate for nagnetic
di sk bycrlQmMsY o 150 nm and the sheet gI ass material is

o1 T Shing st kph MAT GRS TG PE RO GASK duaPPa epair of
for magnes) ﬁs@fﬁés%@ﬁ%ﬂioﬁ%o ?nﬁﬁ@t@st@ﬂs@fﬂs 1 to 3, wherein the step

of foinmng the shéet glass material includes the steps of : causing
the nolten gloasingtashest slasssnaterialiyy: peafoeming presstiormingdo medtes igisss, egmrawal

mat er | al

Tt e S PR RET 85 BT 6030 BE DR PR MR DAL o pagpoi i
si des tk shedt &ldss mgtepial ]Iiavﬁlfg 4 h&falcbl simpetdibe gioasd hehpa g&ﬁﬁmg(abraswe grain;
substantially, sanme_te e manuf actu i ng net hod of

gl ass subst r%ﬂl’éh‘%‘iheﬁg%ﬁ semaiesl %&goar’gwgat%na &P 9 wher ol n t he
pair of di e%dlﬁhﬂ?%ﬂ@ﬁléefr?ﬁ% ﬁ{fa%hﬁl adiheh 1&3&8 anz@ﬁ/% %ﬁﬁ nﬁh@%hée‘i glass material
perfornmed to t r’rF lunp iS sandw ched et ween t he

sur f acheviag surfiee padan aniffY df s PHnCIPNGSu@@%gf@ﬂHCf viing g fixed abiapize gElinss

mat eri al . t f.0
magneti c di s%’< %cné%nru § ng {%H’%ﬁ%ﬁ &éﬂ%al EQ%@ EQ‘J %ﬁi@"r é#g%bﬁg&ﬁg fmr of
gri ndi peindipal pertices eemetdiodgompeisiagoindstsgsadt in whi ch di anond

particles ar rovided in the r|nd|n ) . 7. The .
manuf act ur | nrRE Bt elgpsameted st bk @nfféprﬁﬁgfﬂamn& 9 malteacgéaaﬁmgmpal
to Onesﬁ}fac@ b@tHEBShéettg%SQ make#al H@&ﬁn@ Ql'f@art ifRtRgk fob theSdl AR sAbstRES foPfAgndtiaisk,
sheet glass nmaterial between the Step of form ng the sheet gl ass

mat er i Gie shaet glass rgfttbrmduh@glr@t selpface irregularitgin Whishrranginges of thegrinsipbapriace
of gla u r net4 i i

t he pr?asrl{l ?p%?ﬁqs(ﬁélf %%130(1) é{ds%‘e(g}tﬁlé éeq{réb %lé éiz% IEQSE% né@é?ﬂo?

0.01 pmto Ilgimding the sheet ghass ﬂnﬂeriahhm(fmgth@rsurfgc&mtdgoﬂriqf arg]l the sptical property
substrat.e f%ﬁa(gral%netlc di sk according to one of clains to 8,

wher ei HS1P$2 SV Zfb8di s 4 pmor | ess. 10 A gl ass
substrate fopoEagRahE Ghék %&sﬁﬁﬂ%ﬁ‘rﬁp bshed 180sctdbeasiRHhiACTHe hB& gk hederial
according to one of clains 9, wherein the glass substrate for

magnet hevigg 8ie shefgce 1ﬁ@g@amyaﬁéh¢ prinsiRAl spafacy EreHngisig thaExgst ahes yragrain.
ﬁ;;f ?ﬁg szg%'nhﬂj(;sefs ﬁ%%@ﬁ%m%}%?eoggidsg§%sﬁg% fo ﬁlagﬁét{&cdiﬂégcc%fﬁilt@ﬁ)eclaim 1
or 2, wherein the sheet glass material is formed thicker than a target thickness of the glass
substrate for magnetic disk by 10 um to 150 pm, and
the sheet glass material is processed to the target thickness by the grinding step and the
polishing step.
4. The manufacturing method of glass substrate for magnetic disk according to one of
claims 1 to 3, wherein the step of forming the sheet glass material includes the steps of:
causing the molten glass to fall as a lump; 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
hump, the dies being set to substantially same temperature.
5. The manufacturing method of glass substrate for magnetic disk according to claim 4,
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.

6. The manufacturing method of glass substrate for magnetic disk according to one of
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claims 1 to 5, wherein the grinding is performed using a diamond sheet in which diamond
particles are provided in the grinding step.

7. The manufacturing method of glass substrate for magnetic disk according to one of
claims 1 to 6, further comprising the step of scribing the sheet glass material between the step of
forming the sheet glass material and the grinding step.

8. The manufacturing method of glass substrate for magnetic disk according to claim 7,
wherein the principal surface of the sheet glass material has roughness of 0.01 um to 1 pm.

9. The manufacturing method of glass substrate for magnetic disk according to one of
claims 1 to 8, wherein the target flatness is 4 pm or less.

10. A glass substrate for magnetic disk manufactured by the manufacturing method
according to one of claims 1 to 9, wherein the glass substrate for magnetic disk has the surface
irregularity in which the principal surface has the flatness of 4 pm or less and the principal

surface has the roughness of 0.2 nm or less.
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