[ DESCRIPTION] [Title of Invention] GLASS SUBSTRATE FOR MAGNETI C DI SK
AND MANUFACTURI NG METHOD THERECF [ Techni cal Fi el d] [0001] The
present invention relates to a glass substrate for magnetic di sk
having a pair of principal surfaces and a nanufacturing method
thereOf'g%ggﬁﬁﬂfﬁﬂﬂd Art] [0002] Recently, a hard di sk device

i s incorl a personal conputer, a notebook personal conputer,
and a OWR1d diTgvdntibnVer satil e Disc) recording apparatus in order to
record t Particularl in t |, sk Vi '

ppar at ACASY o RS ek, b ol e B S P MBERE SR esOD
por t abi THEREOF magnetic disk in which a magnetic layer is provided on
a glass_substrate is used, and magnetic recording information is

r ecor deld ePhieal Fiellld from a magneti c | ayer using a magnetic head (DFH
(Dynam cofbyfi ng Height) head) that is slightly floated on a surface
of the nmagnetic disk surface. A glass substrate is suitably used as

t he substr at elfeareseheinyarjivatelategite o Hawsayserag iy trpagnetiq élS]ﬁ\glﬁml& a pair of
pl astic fdic substrate. [0003]

The nagﬁgf%?g%gg%&§$ %???ﬁkhnggﬁggﬁgﬁcreased in order to
correspond to a denand for an increase of a storage capacity in the
hard di i or exanple, a magnetic recording information area
is fineﬁ%mgégﬁggAﬁting a perpendi cul ar magnetic recordi ng systemin
which a mﬁ@ﬂetization direction of the nagnetic | ayer is oriented

t owar d adir icular .to th strate surf

L o the srigtcadl RERRAG RHCE e et RIS AL S ol porsopnl
or der tanﬁmnmeam@mdDVE ﬁh@nﬁuvmhaﬂeﬁhﬂﬂea&mhngapﬁ&ﬁeﬁuragﬁrﬁamamuiﬁﬁa
a floatin i st ange, of e, nagnetj.c head fromdit netic recordin
ot aoebflodld 306 nl hlcoR RS f ot Rl Tk A e R e el e tter
: nf or Wﬁbis?@oﬂpgﬁafblllitjﬂ, ahh@,rﬁui)diitslt aixeh;eﬁ a flagndre ganet isdcpr&hufdd ontal'g@?sﬁatgﬁh ehte s
ayer is fo at such t e na netization ection of t

magnet | Eseria@'gfmﬁl@l%? TRt i1 Fg® WEeélclﬁOéﬁeag &ﬁ’ﬂ‘”fgaFWaYe’f using a
per pendighedic Hed (ﬂmeH %]Dﬁiaﬁ 1@ FRiSUAERES hedd) SR EPIROY NBat8d 388 surface of the
substrate is fornmed such that surface irregularity of the glass

subst r apeghdic et WHawy Asslaichbsiaies sighlygused as the subgiatefpnie agpetic disk

fl oati ngeiilApGAOE hidlE RABAL defdBRE cOBYar&PRith ¥ nfeliSuBstRead crush
trouble or a thermal asperity trouble. Because these troubles are

gener at e84 the nmicro irregularity or a particle on the magnetic

di sk surface, Tﬂéﬁ%agieaé&caww &éﬁEll?y s%d I%rlﬁ&@as%w%hoﬁde@ﬁ éoﬁ%sp%ﬂﬁft fi Gemand

|rregul arlty in an end face s decreased as nuch as pOSSI le 1n
addi t i ofPriap indyease pf4 ﬁ@rnagmapswflaéh@ hapddigiagievice. Fomﬂmeleamagnenp feeording

gl ass s

fol |l ow #géﬂn%ﬁ)géﬁ 3¢ ﬁkags go%a&ﬂ%td g?rgélﬁﬁu as sce&féé&glﬁg e rhthgr‘%v h(I)Ch ¢

| ower - dmgn&taamrsdlwcbtackﬁ thg mggieticdayer nsgnrmmd tw@é ] dﬁlgqctmnrpgniesdwular to the
erfor e I teri |

Phe | owgibslite it FRpI80.§ PUGRRL Ry 0s BeRTRTHGRE AL AR, 1

the s heetdeg Itcassmsgd)iei ioaﬂhelfsrﬂiem rineehse of (bheastmagé oupuatty, onflogmgrdistage of the

medi um as tr at for | Japanese .Pat e

00085 R gisoad e uq frREne HER B SFGact R AR R R ShERnel Yo fpum, thfine
3709033 magﬁétﬂ:rrettdilﬁng lsefsisnagjob aread elnohe itstramlof dre gigmsse disk, shipphpnetic layer
onto the die, the.follow n erforned: a

Ot F aco P Bt e b e A RS EE B STERE T e, o topord the
I O\A?r didgeaiog sabstiriteldy papbagaidias ,theasdbhltd'ﬂe siiert. gllasgokeohBigngs SHRGE is
is for

tS|d a sliding surface bet en the upper die and t
body fo Olﬂ‘ﬁaéPChcf Saﬁ%Feéﬂ"s%"ilf’cﬂt}ﬁafatgﬁ ﬁ?‘ ﬁ@ﬁ%@gﬁ“%@‘{ fsgiesh a3 PesSEY
the body for TRWSHor@h&S N6 URRRIce G €hd HiaPRVE heStDYMAy le@siBeEAY MHERE crush
press fornlng, and the upper die is_noved up imediately after the

bress f GORVIACT ARESBRL Ao EoWe o BEGRA sthper BRUPKS 4k Eehtaled s thg 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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Thus, in the surface processing of the glass substrate, the first
grindi ng process, the second grinding process, the first polishing
process, and the second polishing process are perforned in this

order, and the glass substrate is formed such that accuracy of
surface_qua such as surface roughness of the glass substrate is
gradualP%lgﬁhﬂﬁ@ﬁ [Citation List] [Patent Literature] [0007] [PTL
1] Japan@ee4]Pat ent No. 3709033 [ Summary of Invention] [Techni cal

Probl enmi [00 However, the surface accuracy. of. the gl ass
SUbStr ke 1 oriABXByPIen Be RO CHEPB e 58 TR Tk GugHmPBFREReby the

sur f acefoleGpafsthed: alghBs Pob Mededfendiieh ERESSS stilicd Bio RlGHerd@nBhtiy a Bicking
t he rragnetl c recording and the fine magnetic recording information

area. £0b formglg A -prpTs Sorfipg fsol?%foﬁ@% H’eth% BT Soft ipslrepaat ashest slass mategal
rel eas euﬁﬂ@ﬂ{e !oﬁ;eﬁ@i&' AR ad Qpﬁeh%edﬂq@t BU E@ﬁ?er'g&b%ﬂﬂhg Lo, th@‘fﬁé‘%he*ehglass
gl ass material from fusing he di e surfaces of er die an

| ower dimaterighis Hypedédo @eugﬁ@ie@goeﬁe@ﬁbnemq%mpglasss ﬁ#brsta@te (&r sxpmple, see
sheet gy23%:BBhiEhidl. s7Go03Bgr eased because of the nold rel ease agent.
There is a large surtface tenperature difference between the upper die
and t he [080&r d|e and the lower die to which the glass gob (a |unp
of the gl ass o

the surface. toauaroruy Ehdo Pt BRI, 2 e MR LA W Lo R D,

i n a thinokeeglessds supptiedmto thetlraerfdig, thedfol eiag sghass paditrered ad lomdsurfacaof
pl ane of -l ri u t| heet SS eri
that i satb é@g#}g@&# ll'eo%%gﬁeugg%g‘%gﬂc abgootf) ﬁgéllé\ggrhdzs 43 aaﬁ%% t Eher i lr‘i“n
t he t hi eieaegisssdomeng spae Bffotnines dutmdmttlﬁhgehrfgimswmﬂmrup@br dmehd the bbﬂay

| f. th t Th heet i t ... and
Phar of oft5 BT it AILEn AT e SpE R e e Akt i B8 Rt o YV R i) e wper
achi evedie if &ﬂﬁ@c} down to pdiernd ihatpms Sor@tfing; ad sheapeg HRSS niate [113 azlnm@&llﬁtely

Che or! AlAbe Bt uRing AGRIRTre SHcb AEHCE- OGO GO ¢ By bt da

i ncreas &ﬂ:strﬁ‘te%xdﬁﬁgdeﬁc RO RRmENe THea! M8 Sfass FARME For MhRRtd hi@k is obtained
machi ni ng al |l owance is increased.in t he grindi ng process, a deep

crack MO%%?lﬁtpéﬁeFW“ﬁﬁ@ogm%@ecﬁf the sheet glass material.
Ther ef orgmgg? the polishing process that is a post-process, the
machi ni ng all owance g{mol i shing quantity) is also inevitably increased
in an attenpt ot G SrinHiNG ATeCHh SOU BRI sttledingoRnpEPTmSiesing #re alumina loose
machi ni ggglt GUANCEn s hhR r%ap?@&sé | ﬁrg}eglﬂﬁln'g bREs AHIOCLESd %m‘ﬁtﬂgcﬂ}ocess
the | oose abrasive grain an he resin polisher are used, e
nei ghborteawsetormed wengolhe drose piresive erpiaphivving édigeenpparticle Bizpss P”’oﬂﬂ’fﬂ@@I sigpof
the pri SRS, & | et
"roll-o0 lgé]ggbﬁ%wn{vg%?mg&e edge poé%d?égﬂlﬁﬁj'ﬁ?& Eéﬁs%tesgiggg}eﬁfsh%m of the loose
nei ghborabn@mde igrein heedonttey first gondihe peastdsal Theselfyee, or ¢davn drisdingund dk fine
t he she stance between the nagnetic |ayer and
t he magrie gat%fgﬁgﬁﬁ%dﬁ}émﬁ%?ﬂ borhood of the outer circunferenti al
edge port | on Ebscpmmgaprgmss ﬁmes Iad'n'[sﬂ pnaltshmg pdecsssaimcehioh thdose abrasive
magneti ¢ aheadcha acnlot i eoar&I a sz %1 slélrbSt at n\ﬁh se g ol
magnet i &A1 3KC1i%8 Yprepardt it ig the EH% ZP%% nt 8P ESCEos Bofisuas
substr atpeoceéﬁhe vmuuhfmﬁeidalrmleagmhaalsoﬂz rdsth i@ aea] abkdhebae asesie frhepamcie size of
nei ghbor d of the outer cunter.enti al ed r{io
Founded WhaBeesghE REL i 76 feHh BLER ardieesah are DR e e e i brgve grain
t he magnedd @ theeastond erimdihg pfo&%%@khe Qﬁfdfrgf;imdest N ThegartRigid 6f théyehsive
in the nei. ghborhood of the outer circunf entlﬁ Cﬁg*? portion. Th

[

is the "BV Psyep tlber $s6pRsgolishing procggsds, sxpﬁl aveasie r%@nluged in the

i ncr easqﬁstlpehgmlf,\@&d@hl ng process, a tine necessary for the
pol i shing process. is unfavorably, | engt hened.
above regard, %5 5 é)rbjﬂ?c"tuﬁgFe Plf?éesﬁ’r“éég?f%e ﬁ}ﬁ%ﬁ‘{hsﬁﬁeﬂ é‘e tfksstp%v}r@eplacess 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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[ 0012] According to one aspect of the invention, there is

provi ded a manufacturing nethod of glass substrate for nmagnetic disk
including a pair of principal surfaces, the nethod including the
steps of: forning a sheet glass mat eri al by perforning press form ng
to nolte as nci surface of the sh ass materi al

havi no Ta Bt eonane o fa g REEe B ety ERbeHmgnet rc.di ok, the
sheet qbaa&nﬂg@@rlal havi ng surface |rregular|ty i n which roughness
of the rlnﬁﬂggl Sﬁrface ranges fromO0.01 umto 10 pm and an optica
propert haze rate is 20% or nore; grinding the sheet

gl ass mgp@rmal having the surface irregularity and the optica
propert u5|ng a fixed abrasive grain; and polishing the sheet glass

mat er i Géﬂng a | oose abrasive grain, the sheet glass nmateri al
havi ng f.h%-84p5:a8 %ol §7@@sd arity of the principal surface ground using
the fixed abrasive gain. As used herein, haV|ng t he target

flatness in the glass substrate for magnetic dISk nmeans that the

fl at ne al surface already satisfies the surface
accura?& 8%1 gfﬁﬁ%ﬁ%# surface, which should have as the gl ass
subst r dffectninal Fwogleatli c dISk at the tine the press fornming is
perfornq? t he sheet glass material. That is, in the step of

form ng %e sheet glass material, the target flatness of the

princi pal sureower, mesmfademc@in@ygif dmiasu bdistrate dorfred byrtigreny entidna kyethod

and the _press form erfornmed sed. on, t t nes
Fher ooy Rgrunh h g% WEABF aeQEror AR RIS PERSE BF ot btk BBy of te
sur f acembgstit k‘@otdmmﬁ tiid ﬁienﬁmemi 20dr3ing informatibh eraaheet gI ass

mat eri al f or ned rfor t he e fo ol t en

o1 ass. The: prhErBAJR Rt BF Spirt SRR Siflok BohErsprfeentis spRS to o
t ﬁl’ get thb JtfesSn bitiet fﬁ)@r@deﬁﬁﬁxe Sgllhfim&hei fi@h fxEl mgrtetﬂnecdid bsifaceasitthé hgper die
sheet S miterl t he ur acelrreuarl

e ot B e pﬂlﬁeﬁl%% Phts g oh6dhm rtrictod niheR gits maserigl is

t he opt m@@hseﬂr‘&ﬂﬁfsé Yof ke fﬁlﬁl'dclﬁlehé’éeagﬁﬁtz € Théat Qs h9arde Yorlce WBhsrature difference
Ther ef or e, gl ass.substrate for magnetic_di sk can be nanufactu&&d

throug hb‘ifWée”gﬁhF Hﬂwqa giogar £ REE deiang ﬂ%leWFli dig dp which Shegdasyeabh 7 Lma

pol i shi gl GssP &latpialyER Hﬁzltpﬂ&i thagorhR0RiBh HefRskaNEe. 9B dbaustN e kiiridé NBmp&ature
not perfornmed at 'two ages using the | oose abrasive grain unlike the

convent fiigence sases aﬁnpewr@ Hlaftﬁﬂtvrﬁl@n gr adibicknass diregtien od thefogmed sheehplaps
can ef f jGl.aal iy 19% @léffﬁfétﬂi';{t@da shm@a;'gé vanti of&‘@@lfm%f fgsvmata@aisﬁaﬁ@s @ken

form ng tLe sheet Iﬁ@gs material 1|ncludes the steps causing the

mol ten gitaemn ths diead epsled alsarhgs 2 distritmgemimige trdustetitectaafsharaed et
by perf L0 ReeiRCa Y £S& fp%t@ J19mt ?)lagé'.'e TH W sﬁ ﬂ'ﬁja‘g“ag?éﬁgtf)aﬁbﬁanand

| unp befween surfaces of fa pair o ies fromb

pat h of thefedore gnpd flathess df e fiywied ghesbglassonaerizd isanot aczhhdvydl denti cal
tenperatHﬁPﬁ9 The sheet glass material can be prepared by the press
form ng. é principal surface of the sheet glass nmaterial has the
target fl at neflg flaindshef hkeabeet glabsmatané danbe timgnmetd oy ﬂlﬁe@mdmgdﬁmhgﬁnding
sheet gl ass t as, the surface irrequl ari.t n. e
 oughn o BORE) e SPImRIEm 06 o Pl Heskise S it alealits BaH Y wapay
t he opt trﬁ:&lasep]r apetdey tb nnmmhthhhﬂati‘ﬂale Hatveveh Swﬁél%ﬂo)a’ nimhiging[ A@kiEhce is
Preferabl air.of dies |s pene .a t he .pr

For m ng e PR i TR ARk B Sedrg el & B atr ot Re et el
t he sur hacesl OfThtefb@or@,alhrth@i)oI@hB@ procdsd ehas tseP peift-pfooedy] g 1ﬁéﬁbﬁ1rﬁﬁ§alowaﬂce

gl ass ria I n.the conventi naI ress formn i n_order
pr epar e %@é!enta}’)ag*salmae%ﬁm@a Y RGTFISES EhamHGRDF o Fligiale i gegp crack

necessanrbwebdt whiietht hAtNesS alewsRb &i66dasey ifi@e PbldinsLodesEs Sitid tholoose
constant_tinme withqut releasing the die a 1éﬁer the press formp

t he ot habrapizmaram endithiresig PRIHGT e LHfdathe meighbashepdie heguiss Cirﬂénﬁefeﬂgg?ﬂdge

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

3



[ 0019] Accordi ng to anot her aspect of the invention, there is
provi ded the gl ass substrate for magnetic di sk manufactured by the

manuf acturing nmethod in accordance with the first and second aspects
of the invention, wherein the glass substrate for magnetic disk has

the surface irregularity_ in which the principal surface has.the
£1'at ne<eeepomiopia tgrded i the dheef HassRatpid s iatersREen e miBciag AR the
of 0.2 pmmefic h&dss tHeAdibARSBIRDIFhES e iRualerdntivEaigt 9oitioh B&2R]es larger than

The above nethod for manufacturing a glass substrate for magnetic
di sk i sthasloatingdishpsecplethepagiaifubedtinraaoleypersen of Bt slatsesupgfate when the

magnet i GadieSK dish MHGRrddNBirBUhE A6t ilds§ Sitkdal bY 1Rl hRGuBRCT ARE surt:
sur face id%!BSUIOIN<91§\/fsﬁi'l<l;g;-ar[Br e acr itnt] o of DY i oo] LoRo1) Ty surface

FIG | Amegnlpiis geneates Racaiss tha neighbpeiopd gf diewiish erquenfenestial sigppariien has
usin ra C : |

o TR PSLARRrE LR ke o gRehim gkl atieb it o 0Bt e
sur f acendtpresgpglyaparioymedingths epgnetiyl laxes intheapdighbotiood ofthegrites ghysumigraptial

FIG 3 l§e O%{Oﬁyv Tﬂng%ﬁi‘lé%p%gf olgikﬂw of a manufacturing nmethod of

gl ass substrate for nagneticC di according to an enbodi nent of the
i nventi on. FI'@hewthe snaghipingrallvivenceds immneaaghiarthe pslishgdrocess reise necessary

formng,.iQ Fl .3, . ElLG t o Fl 5C are views illustrating
an exan{) gle %}Hrég%rrocé?sélsfugrfa%oﬁaa?yégl} oernﬁé?d by the apparatus of FIG 4.

FIG 6A00IHI G 6C are views illustrating anot her exanple of the
press formng in FIG 3:.. FIG. 7A.to FIG, .7D are.views.illustratin
SUPTT anot hernSREARBreregic, kot 5B arn gt i B1ovideq Sgn iR @r
8C are miagwsicididkuit waichne stuifick inegildtay Exagpliacipd]l suffecepisesppleaetiang a
in FIG 3 '

. F 9A I.s. an qverall view,of an a ratus used to
perfor M“ﬁ?’?ﬂg‘?rr?sﬁ%‘?ﬁ%ﬂdmém%af’;?@ag 15rELASE SHDS RIS 9T magnet 13‘3, and FIG 9B

Is aviewillustrating a carrier used in the apparatus of FIG 9A

[Sotution 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 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 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 iiregularity 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 um to 10 pm 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 uvsing the fixed
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FIG 10 is a viewillustrating a state in which a sheet gl ass
material is ground with the apparatus of FIG 9A FIG 11A to
FIG 11D are views illustrating an exanple of a surface profile of
the sheet glass material or glass substrate, which is obtained by

gri ndi n% or pol.ishing. [Description of Enbodi nents] [0022] A
rranuf actiBIigF et hod of gl ass substrate for magnetic disk and a gl ass

substrate forasn@agekietn, dﬁ@hn@qeora@geaaamessaﬂ faehndi B‘ﬁﬁﬁat@ffmt Hﬁgﬁh@&ﬂﬁk’f’
invention will be descri e_lgln det ai | §LV&¥ |Ato Gf
1C ar e Wrawahet the dlefnges algths nrmgival petage gleeq atatlﬁ’%ﬂspfheaarfaea GSYAY §f the
gl ass %{Qﬁlﬂaﬁgﬁfa&@rwﬁﬁaﬂ@ﬁéﬂw hieSks BF diRe seushadi BE Maghictdid, bNRMIh® the
[ 0023] (I\/agnetl c Disk d ass substrate for magnetic di sk

In a neRjestipenigs sﬂ@etfoeﬂeﬁodw sheet mesg material-n athgt i) Stheeon e%fonmagéltesshe%

and 3B %Q&ln"r'ﬂérfhg R tal‘g%@ﬁﬁtné@%@ﬁfe'pﬁn!:@é(l%ﬁﬁ‘acfeﬁ@ﬁé@%{‘ﬁ% %rat@rubsr?a@at fagnetic
recordi g | ayers are forrned @fr|n0| surfaces a rllg | ass

subst r adiek, ZHéihq prbaﬁemam@ Mfor:m bapgl On/ﬂrﬁéﬂfgp‘e%queahqwby iz everngng the
not ill t nd 38 includes an
adhesi v%ﬁtsé‘g%%% gd\gf(i;‘}: ﬁhﬁi’m 8? Qﬂu gceeﬂ%gtﬂeﬂgﬁ%ﬁaﬁgﬁsgtl ¢ underlying

| ayer, t{0elijer pendi cul ar magnetic recording layer, a protective

adhes ve. | ay et i ke S NRA Gy bR S0 BElnafy o Rl SO i

gl ass sTUhsphimtil uirfdeo ol émhpﬂtg Jasam@eTialZiasdbd ayget Batnssedh te gdse sgwirgte for

magneti ¢ | ayer r ar .non- ti er.is

e bRl i B W PR PrTRREER i SRUEL et Pty fe ropeimssse
as the Fﬁrm@&@hlmiﬁdie 1FagHdating gmegmﬁ e 1y paandrthe ﬁﬂfcaleixapﬂaiy_en vﬂlltch the haze
mat eri a con LNl N carnon [l se S the r ctive a

o ot 2 e e e T esP ;e bRt B ket B San PE mdtiflipe
magnet i gn@ugﬁkhé giiding Refodestidinpatle Yikédatasiner @ais Iﬁ@rtmfelpﬁllﬁmﬁgﬁﬂrﬁnnéﬁ using

CrTi adhesive | ayer, CoTaZr [ Ru/ CoTaZr soft. na netlc | aye
CoOr S OPEQPER APV G rm g HS(ET OB ERF LRGPl B0 SUeBrS HopIE. s lapg epasive

granul agrfRgRgtd el @iﬁ@éﬂhoﬂﬂdte@hrﬁﬁf Q@b tﬂ&’tdﬂl'ed@as@rﬁbﬁﬁ&d Y& mayRfic dfi&k can
sequentrally deposited in both the principal surfaces of the glass
subst r agdicEn{ly bemgnufasioredne type sputtering apparatus. A
perfluorﬁmet ether | ubricant |ayer is deposited on the deposited
uppernost |dyer by a dipping nethod. [0025] As illustrated in
FIG 1C, magnaefeabliotigstep At aingshe shegt glagsanaderal inghidp e siepnet: pauging the
surfaceg,d n hes EHiﬁﬂe% s £1dh kan?r D g%gl{gr fdeft %SQﬁﬁQﬁatl'b?q%e%nmng the ) press

hi gh- spee tation or exanpl e e magnet |
That is formntg ot the damp-wiile BIGWIDg the Sump tWAFﬁ sifasespef mpair ehdies ﬁom both

magnet i a

(r om t heoRe gt e ot d B o BRF LGRS, BRGAn By BARETH AR, e
4B can chemsglays metedaldcaarks prqambdtmeths piess fertmiing |Tdneamdmpatlm¢rftl¢ee0f the Sheet
magneti ¢, | aye f e k i

neads. aReabtiira e O FRENEhG: PLIE gha Sl 1 ARk SIE B ERIHLS clss
magnet i gnate@zbhabi the sirfifce rmmﬁauty mrvéractaﬁtd rbngphesd erﬁ ﬁtetpjmorfpalt stuet‘aﬂ:falgn@'ﬂ ifom
recor di rtion of e ass _sub ate 2 of the
mgnet | &k o110 in G0 BiscarCR Propti Srditt P higet otk BhfeRar e

preci sel yopspcessed with target surface accuracy and the magnetic
heads 4A and 4B_can ecj s pper at.ed e di stance.H of tu
S i e a nedirereebly BaGR 5E ks BRI sty HHE vt ed TGtk £ aposi¥l oo

processegt inpO#hitsling Quiks i ghndwich¥® Bettiosm tie \sarfadeaion tHaaimef desSitBthd step of
machi ni ng al | owance, .and sub eq ently prﬁic?%sed first l'ishin

And ‘seconEpB IR AR nHeRE WHDe FHEHmHPHY Pa? Ie. ghicg & Prepite the

decr eas e $1As hiifdial h&¥find HR 1EH ﬂﬁtneg itA6 %@éa@éa&gtﬂé‘c ttteh@ane;@me Rhh0&d by
"roll-off problenmt is resolved. [O ] or exanple

th
princi paeering thggeessire fpiea grmgteat &y @tithattéelza%%ttle idge ¢tk ﬂr?araﬁ‘etfpemag skOn

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

invention, the sheet glass material having the high flatness can be forined even if the die is
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In the enbodi nent, the surface roughness of the sheet glass materi al
is neasured with the rougl mess neasuring machi ne SV-3100 manuf act ured
by Mtutoyo Corporation, and the surface roughness of the gl ass
substrate of the post-polishing is neasured with the scanning probe
m crosco ato orce Crosco [ 0027] FIG 2Ato FIG 2D
are Vi F]Q{&E%ﬁiefﬁ@%ﬁ??%gngrregul arity. The surface

i rregul 6[001@] can be classified into four i rregul ariti es according to
a wavel ength of t rregularity cally, sur f

i rregul arity frefe F%réér FhedcelpsteaAisrishiscioma tﬁ@ﬁ %an %ra@%fét ﬁasewéﬁa ass
(wavel e%&tpat@for %ta%aénc%& BN @nab st ph3shd il shéé@g’lh@‘i‘ﬁa'ier(a‘l\@s\/ﬁb&%ﬁh‘o afe
about 0. m to ou m cr o- wavi ness (wavel ength of 0.1 pmto
1 m, fa?rﬁ? theﬁlrgrﬁﬁégéhe(gwdegéwtand B pebshing BeP- | ess) . The heave
can be eg,gﬁgssed by the flatness as an index, and the roughness can
be expressed by the arithnetic average rou hness Ra as an index.

[ 0028] Preferaglysbe sauding isgegofmemd 1pgonf] shigetrinvihid disveons pafticles
i rregul i | at ness i s 4 pmor less and the surface
roughne%ébl}(?s(m%)e'.dgn{ergr%?lHdﬁ.l gtse can be obtained through a grinding
process,[0814]i rst polishing pr ocess, and a second polishing process
after press f s 1

i equl ari Ty TaRE trmsptrlald R R b RSE o o
range i witedicafist wdas‘ebcmd asp@:tqowfeths irfventimnnigrthdddnedvdes tha dep sﬁmebmg [tizessheet

mat eri al, has .t he. fol he princ face.has the
Foughnegerattg s B 3o BF RS fnptns &itG. P RlRRLatlfe Bt ha
surface necessatlys psint, NErefstzbbs drupsidigl euffare ohgretlicet dlaskmaterial has the
specrflcaIH/Fe th 6Iatne of the principal surface is 4 pmor |ess;
and t he™y® %‘gq ]s'th‘Pﬁ%\ H¥4s the roughness of 0.01 pmto 10 pm

Addi tional | y,Fdrla@an?]eeﬁe@tgesﬁatﬂaterz;@hoh&asS an optical property in

whi ch a haz rate defined by JIS IC7105 and JIS K7136 is 20% or nore.
The reasldf?he surface flatness of the sheet glass material is set to

the target flatcarEs: @f adoliRr RijeRCdinAae iSAdRC ercRCREFSANM BS gla@@ sWls@§8 for
substrate for magnetic disk is that the f1at ness of the gla

Ia
subst r afmaggetigsHsk manpeiured give the cngrudieturingsmatipd 1% 2ReEIaRFe ﬁe%tt the first and

per f aunidgnd Q@be@t@ BY @AY Q8 Ron hﬁe%m%é ?ngmeﬁa@ %&Srnﬁ)éneﬁghidﬁ th'aéﬂ thel dface
fl atness and pl ate thickness, and he recordi ng and readi ng

oper at | regultitst Wewhiglh kg pnnmeéc;glfm hiiﬁdhﬂl Bamass @b per by lepeapb e arinsipal
For exag;gkaeehgsng &ﬂgﬁt%g&p@?m%tr%é al that has the surface
irregularity an optical property as the glass substrate for
magneti c di sk can be prepared by the press form ng. The sheet gl ass
materi a rty can be obtained with the
| ater-d scrlt)g%)u%)lrgg%gtpgg@r\ﬁ%%%me sheet gl ass material having the
fl at ness[00204 um or | ess cannot be forned with the conventional press
formng. The S ter | I per t
in which the ﬁaze Orvgtnée%lls&@% gl"@ar%;?;urne i%8 F?F FLH) %tgg{r?rl ngéﬂe?g G’ BRie %
ef fi ci enfficienfie nfaoufaetdwtargmu glbstrive ftgrmz{mlemgmi{ moddch ths surglce tresgﬁ]am@cbf the
abr asi ve . ra| % uild The reason the surface roughness of the
sheet gP% %Pﬁtﬁtn«g CPLT SRS t0 0.01 pmor more is that the grinding
is efficiently performed to the sheet glass material using the fixed
abrasiv The reason the surface roughness of the sheet glass
mat er i a?Bﬁq%fieéfnﬂuﬂnféﬁW%‘gsﬁl ess is that the increase of the
machi ni ngpoat] owance of the polishing performed to renpve the deeply
proceedi ng crack causg:g b the grinding i s suppres (ﬁg( The surface
Gal aARE P

roughness of Fie I ith Csiif 1408 DEsiaivsf gesngic erast wigs1% sl

or | ess g pithieHordthdese &El@ac%blﬂ’dil%g@ ah OWEENSSH JRend igetibed as the glass
substrate for gnetl c _disk e securely adjusted. Preferably the

surface roughfs<Adp MBI peaieves ilusiiating sirfass regWaaly it 2 shacbelass ﬂﬂ%’l’t“@) or

a glass substrate.

FIG. 3 is a view illustrating a flow of a manufacturing method of glass substrate for
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FIG 5. The press formng can al so be perforned with an apparat us
illustrated in FIG 6, FIG 7, and FIG 8. FIG 4 is a plan view of
an apparatus 101 used in the press formng, FIG 5 to FIG 8 are

Vi ews iIIustrating a state in vvhich t he apparatus perforns the press
form ng_wh Vi a sr d 003 (a) Press Formng

Pr ocessmagnetmdf\ a‘éﬁﬁ’b‘% ﬁ%fttpétngﬁl ioﬁ FIG 4 includes four

sets of preS$IGnntssa1iﬁDv1e\iz%®ana.lﬁda:aumﬁecﬂﬁ@r@lﬂ)rﬁmcgmuﬂ@@ unit 160.

The cutting ‘%rg igfs] ovi de napath of the nolten glass that
flows out fr a5 ¥ 581 aé%%“"&’atl U EHISSRExaRle of fhe s E’&Eﬂﬁtgé’te[femi R§Py
a lunp @k apeatiddtEG. 4! ass cut by the cutting unit 160 is caused to
fall down, and the lu is pressed fromboth sides of the falling
path of the Iifpody Fgﬁp%ﬁ\ﬁn“’&r@dﬂrﬁé@%w&ﬁ fFraoede of thg pppss forgimgdn EIG.
set to ghe substantially same tenperature, thereby form ng the sheet
gl ass material . Specifically, as illustrated in FIG 4, in the
appar at us 101Gt Ra to FIG. Beers ‘G‘Fwﬁjlrl]éﬁtﬁlﬁt}ﬁ istilb angiler exgpple pfi (e maprd fargung in
are proyigaed at intervals of 90 degrees around the nolten gl ass

out fl ow port 111. As used herein, "the substantially sane

t enper at ur e" KiGaB4 to W&E. & avgdoruilostading stild incihar enprapla of e ésh flomung m
bet weeng g;terrperature at a press formng surface of first press
formng die constituting the pair of dies and a tenperature at a
press form ngleudhaseanobvesals econd pr egsrdtor nieddo dicgfoins glid@ng msingsstixed

5C or | Bui b IR E B S0 KB R B PRARTRCL AL e b BB o e

differepge is 0C. Wen a terrperature d| stribution exists in the press

form ng surf ete erat.ure r.face
2"t omper at ur 81040 5T KERUBFOBEPE f oo THE: b SRy AR AGH <y gp b Wi te
Preferab@pﬁxdt&beafIFmIDAs brought into cont act wth the surfaces of the

pair of dies the timng, and_.the

i's performed s TERE ﬁf’}rﬁl} e VA S CHES DAL HEaR of hawElr PrtUL TR it
pai r of gibAfateial b 8lasiHRSHtANS, kitidh)is SBed byiift@ing oFpBlidhiaE 1S brought
into contact with the surfaces of the pair of dies in substantially
the sane timng" neans that the absolute value of the tinme difference
bet ween[deriptidiIER®omRidn@N gl ass lunp cones into contact with one of
the press formng surfaces and the tinme the nolten glass |unp cones
into contl®¢?! with the ot her press formng surface is 0.1 second or

|l ess. More prﬁﬁ%ﬁﬁ‘:ﬁﬁrzﬁé‘%ﬁ%@f‘%\ﬁs ‘é@dsﬂ@te%r ﬂ-rgﬁettb %k%hﬁf e%fﬁ@%@osﬁ‘al@ﬁ‘or
second or |ess, nost preferabl he absol ute val ue of

di f f er epgengtic @I%@@@rﬁalg tpoo&sr}bodnnent O‘Eﬁv@rm@ﬁnttlnéeq@p@s’sﬂ trn idespribethin detail
130, 14Q.,@nd 150 is driven by a noving mechani sm (not illustrated)
SO as to Be able to proceed and retreat with respect to the nolten

gl ass out f | owlgodA t0 FIG. Thate views @ugtatiog a pagnsicatisk thatiis prep@ed udkDs glass
140, an : ion and a retreat

posi ti o%&?%e%&q?%ﬁe&%%ﬁ?g?%ﬁé %%I@Frgﬁgﬁj%l%ﬁﬁ#the press unit 140 is
drawn by[t@23jolid line in FIG 4) is located i medi ately bel ow t he

nol t en The re t, position (positions in
whi ch tﬁfgla%“re 12?156{”&1':1\@’9? ?Lsﬁﬁub%@@ f"fafﬂ%F“t@%‘%g‘F)e drawn by solid lines in
FIG 4 and a hashigmetic dink \WMuf FHGt hdeu@desshmdi disk deAlRe) 1ayeds 2avandYB dncluding
broken |jne in Fl te fromt | ten gl.ass ,autfl ow
vort 113t Mg Ragmettc feferk TuerBRt blts Tibhetd 8ol MG e s ad il
t he]c Ierl t@fhced abs rrhgtgtlﬁe Butish@te@aﬁsclﬂlumwdtlhcﬂlGamEht RraTgctigivaly), aﬁl]’fougll not
out f | ow, rt utfl ng unit 160 t he erei nafter
al S0 1 eflbp aéfbe%% 1!66‘%* 3 e s %rrtde# é‘tranr ﬁrgea 2o ﬁ%r@etw
quantit Yay@tf atrioﬁ-mﬁghétﬁ:lhr@bﬁﬁﬁg tdyammeqs&ldtcﬁmmnhgﬁuw&bm@h?&% protectlve
outflow port 111, Thehzaytatjr r%%ﬁunrt 160 includes a pair of cutt

tt

bl ades 18¥ &R a1lbrican G el 16 Ohmu@éznét%a@rewwﬁb aa@ 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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The apparatus 101 is configured such that the press units 120, 130,
140, and 150 sequentially nove to the catch position and nove to the
retreat position while the gob is sandw ched, so that the sheet gl ass
material G can continuously be formed without waiting for the cooling
of the sheet glass material Gin each press unit. [0038] FG.
5A to Ruderlgag fayee agpe @aniieamagndticlaper rsased ahibe perverdisudarmaggetic recording
perfor by a . : 1 { i i

Crat o barsy oF o B8Rt Bgiaf il B il B ot MBI AT i o
st at e i fuoxhe etsirt iy @segiols theslubmaet lbyert he cutting unit 160, and FIG 5C
is a vinggo%ilustrating the state in which the sheet glass material G
is for 3} pressing the gob. [0039] As illustrated in FIG

5A, a nol t en Tleasapnotid &l alwilldedestribedioith laymbie epsci baiexabapbmmst Gl rdhdsbre

| tfl t hi int, t ti it 160 i.s dri
0 2or o LR R e aisob TodbpRE Rl & HSCTbE Ry iRl il g
g ut ti nglapérad gsatckﬁt%si@:ad‘iaﬁ grﬁﬁlﬂhﬁnlagﬁ)ig %Igr; (rja@ﬁm{ @xbdnhl@d];eidé photdiea Lgkena®
econes a su nti . S rN Gal. (0] a urtace .rensil Qn
D hermorsipsly Botnsied AR GF ph feind Rttt e i ol e g e e e
tinme of sgubfterin®lbRat@d. ass potledromlyditer Atbti@ndldy¢t NY depdsBed dn G EdBsited

cutting unit 160 are adjuste uch that a gob GG having a radius of
about 1@%?%?336?%?&)‘%3%39’3510&? the cutting unit 160 is driven.

[ 0040] [00251 The nmade gob GG falls down toward a gap between the
first die 121 and second die 122 of the press unit 120. At this
poi nt, the fifsHlugEated ngFlnilE, magnetipdesdsdAsadotR) ofi p hardrdisludgvice fingt from

(see Fl Girfafds & e ‘Ma%,i'(&ﬂ: SHeh ot théc édusitiof| h%g%lsp@ég:‘fjrottﬁ%n,s%g Q,Qﬂlﬁple,

die 122 cone close (o each other at the timng the gob GG enters the
gap bet f&pehef the megneficdisiol it s hedisteresdd indF1&. 192s 5 e ftdlie poigs the

illustr i b, J t :
First orecshenda 2 A Roeduibonf piRER O BRrERIEN] ind ROMARD rhdgieic
sur f acelay@sa dhe flostitfg pEtthedimaguRic beads d4d phdB edr clopdleresord ahd read the
surf ace; -of . = . Wi :
icr o gt i 48 A A inlifad RoeCATE: SRR, MGG BRing Yok dnerc
ci r cunf beadat44nland 4B amdo 1R anaghetich dayer, r §ierebly eediZingandfinch enagneiier recording
ci rcunferenti.al rface 1,22 h n ie 122 is forned into a

t hi n- pl hf%ms i rb%r.%yﬁlﬁlglji %% S@%gé%ég%ﬁ%%%f‘%%r ovided in the inner

ci rcunf er ent i &l centralf poiol 2Xatief ghbw ssetand? difethe2@agetiordde It to kaeputer

t he gap .betv%eenﬁtlhﬁ inngt\r circunt erznti al s%rf. ce l1l2la_of the fi rEsé

di e 121“5RGVTHE"Y (f8F PEIHOE rERTTAY PEUFFEL & CHPUITA08 ASRER Wy 20 e
122 congiagindiic ¥R Al sid 4Bha@nppaiely optaid viiiletiadisiawe Mlofh @ smdistamed.
the inner cirgupferential surface 12la of the first die.121, where
Lhe gap bet woSHEERE SRy of (U ARey SHEFaF 2ot PRsSSoi SRSt a9 o ed
di e 121agadvd eaih MAGmgCh el Rhemhingl allswad@C @nd 27Bse@fiertfepBeaedid vili frst
122 is kept. constant to, ene[atm di sk- shaped space. [O%gl] A
t enper aPUFEINEA SEIONFFOHARIS A PRET T PESEPEE BUYVINES FIoVR RPN AUt
of the Efﬂ]ﬁ%-riﬁdiﬁg.1Zﬁlcc@ﬂﬁng‘}ﬁ(fﬁé‘(%ndérﬁioﬁaZ‘rqlﬁmlﬁﬁmr@%&é@&. at the
first die 121 and second die 122 is retained sufficiently | ower than
a glass t08¥sition tenperature TG of the nolten glass LG . A
time until the, qObni hs ﬁﬁﬂ?&leshﬁ*aéé SRS bRgdBalNeeddng hd fnﬁ%negb Bisk 1
121 and the second dl‘e_1£2_a ter the gob GG conmes into contact with

t he i nnbes srfreciveetlaiyiinwhiphrifatnees i A1an of lessandfsiifaqe reiighngss is G2 nmher less.

i nner ci [ f. f, i e o
et r enol ¢ LGB SR o512 ffecl e ey RE TRl sOheki ol s dioac
t he gobaCma grdductredor wramplheths ulritesnchm bk ymelisukd shiflipe famesp testedi FIGP00

the | nar e RSt ty U 170, o 1o Salbuteet Be e gkl s bR WY
an ext r erdingtis hordgetrpughpeaith defieedioblIGB 06812811 dWhepdlsd rdgleness ranges from

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

machine 5V-3100 manufactured by Mitutoyo Corporation, and the roughness can be computed
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The surface irregularities of the inner circunferential surface 121a
of the first die 121 and the inner circunferential surface 122a of
the second die 122 can be adjusted such that the optical property in
whi ch the haze rate is 20% or nore in the formed sheet glass nateri al
G is obtained. The surface roughness of the inner circunferenti al

sur f aceby2method defingd byuHE BOE3F Y hnés ¢ tefuliofdhg mawspregent hee fieqppgmess
sur f ace;s 2@, a8 1 ﬂlek'éﬁﬁg B cdhohhak i aﬁt Hx%asﬂfe'dt\ﬂﬁﬁﬁ 's&nﬂl\ﬁ% r%mroscope

roughness Ra of t eet glass naterl becones E pm
pr ef er algtoio foge @mrmoue) mﬁnufagi@w@]by SII Nanq Ee@n@owbwp@@ the mgbneafe gag be
in FIG ob Go is forned by cutting

t he rovﬁéﬂr‘Pd}tou %ﬁ&égﬁgésﬁé I’Igﬂgg%gb?'ﬁe cutting blades 161 and 162.
However, whe rinxlhcsnnlmdwem;‘ the lyerfape Irowghneds af shensheedrglass maGriak issmedshredintity

[) gi 8ren(;t 9 s%}i‘:l)l% o asg{lﬁlé, g?lsﬁf(@h%g%&%‘éﬁr?&% ﬁ@?n%ﬁorﬂ%h aud the

gl ass Lﬁs,rfaaﬂ dotgheesgath thes ghsnt subetrare @f tha petrphlishages, masvyedb withr ’rknen;gamhmg

i dt f t he FIG O6At FIG o6C
11 st r BEPBTSIRR RH AR B Unbodi rent of FIG 8. The gob

form ng @o27ii s used in the nodification. FIG 6A |s a V|ew

illustrating st at ef.are the na
1 ustrat i ng e 2 & d1f i vens DonHed B mdien ) BHE Sur MPhgurtice
unit 16Qrep0Mriey @abe Eﬂ@dﬂid@ﬂnﬁifeurlﬁr@gulﬁﬂﬁs EécGrdnEéEolaSN@thgWof the irregularity.

illustrating the state in ich th ress ng . is performed.to the
gob Go to nmak¥ericalshelp ?j’lfmgg% TR Iseﬂassﬁ{n d i hepyq dayingethe; freest

FI' G 6Awaldigrgiptilvefendth @ ABdut O1F (&h &S 8ok 13PN SwRASSS (weren 2QfiaBout 0.2
cl osed by closing the blocks 181 and 182, and t he | unp of e nolten

gl ass L@Wcir ahpyth? (TRE).c BREPGVimss (Toeiansty o 8ilvem 1 lanF’é)@e@é rpgeiess
f or med pyavteﬁgghloqqgngﬁ&ﬁl&@)d 182. Then, as illustrated in FIG 6B, the

nol ten gl ass t hat becones the spherl cal shape in the recess 180C

falls down tolks beavheapbesirisied bi2tbe flatnspeaq prdndsy, aikMicrigughngss can be
bl ocks x]:%} s@@cgb%ﬁganwﬁlﬂcg@érééquu@ﬂ% Ha0Maf thaet he press unit 120, the

gob GG becones Ical shape by the surface tension of the
m)lten gl28] Lc. As |IIustrated in FIG 6C, during the fall of the

gob GG the s fagsi‘g\ﬁ)gQQe% e%’&ddi% &dnd e"‘ﬁﬁféaé 'ﬁ??géﬂarr%{’ Al Gnilk tne

and the secon mthe pr ess orm ng
pr epar i figinkdses Gl }skos heap et &hesertfacgl ragghopwtie fi2alim G 1e§@(¢48]3e obtained through a

T01. § nerbod g R Pl R bl et vl e R
FIG 6C, a noohg mnmnd sm s nmgebntyftﬁtg@ﬂlebbglaﬂsngatm@mbﬁﬁ inichudad in

upstrea élgbl' ection. or Fleam d rection al on %’h eé t pﬁ it
nol t en g]‘?e SV?_EH%V“B% TN Pressyoping, 0‘75’35 et glass ohterial Fas the
i 11 ustr @&lig¥ang propelity: Itﬁatpu@apalrsuwatechast fhe xgsghnés@rdﬂmg dineto1BOping thesachet

Fl GS. 7 nd are views Jjllustratin e st orethe

made. oo Blintedl Britcsutepib itk g el G S Bh e G Pefnd R do reconly
made by tﬁer@atmbomé ﬁhﬁt@peﬁl ss@fabsi)s, 4 @G Fsépand melpsmapamsemaelﬂayﬂferraighﬁ@;s of
the state in which ress formng is perfaornmed to the gob GQJ taq

make t h&-Engatto dpag% n%fﬁ)f&w&ilmhe shett gl%mﬁierléshqs peptics] nfmrtym Whe%a
recess L@QGafleRRSH BYIIS Rer1b3 &Qﬁkﬁﬂ&]ﬁ%\ﬁ. 20820118681 VESe fehiSn ARY sufbcOll ASsSs

LG flowing out fromthe nolten g‘;@ass outflow port Ill. As
i || ust r @F & Fhectraless Tterial feseb (o iedarpgtrilatpss oBBegriaciyal Riege REFBayhe

the downsit aamst @ rﬁ’iglﬁtﬁ‘@dlgll QuhQfnd ﬁ‘fﬁné&?bf @8 U&E%stﬁ% qused in the magnetm
predeterm ned tim ng hereby cutting t em)tengass The

i |1 ustr aiskd 1snnamtanedmﬂh@1ﬁ@etfpmkg t@@fnwoq%éir&‘érg@n@lé@amg%dnfadwsﬁng the

predet e er ef
bl ocks. TEHSA Pt RanEREGE Bl e feRalHR oh® el e o s e b2
spheri caliA githgB dp whpetkyupd padrmedhsion expmplee thms;lmgtnglgssalggtex_@ thgighas ﬂle

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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[ 0051] (c) Shape processing Process (Chanfering Process) Then
shape processing is perfornmed to the scribed sheet glass material G
(Step S30). The shape processing includes chanfering (chanfering of
outer circunferential end portion and inner circunferential end
portion). . ... Jhe outer.circunferential .end,portion and inn

BT cuntbisingd s TR BT R o A SR SR F Rl RLRR e Y Bhggeg or 4
chanf erjgfl oy $dsf garidotibéfimed aithaké vaveititingl pre@UbRing.d) THS demdh nige Preercgias

using Fi xed Abrasive Grain . .. Then w nding, | erfor to the .
g s B ESR 128 B AR PPy 8 M 16 PPPacte BepouepdEots e g g o
840) . FgficieBNRkRrméd@rdibh fai ghigdig pR@edsheinbiteetkedabasivy gragil ai N has
the machi ni ng all owance of several mcroneters to about 100

ni cr omet8Y%]  For exanpl e, the fixed abrasive grain has the particle

size of aboutrplQ-RM the surface Fbfghn@b ot thedRecd ¥REGhAteNd] 8¥6eOio RO FRARA KRS
used to performgrinding, and FIG 9B is a view illustrati

| ng a . .
ear | i ertheidbeigiindingis cHjsiratiyperdorared f e shee! glpgsanaterpl peingihg; w? abrasive grain.
11 ust ragd Lkt O dl e &NBRE nHhaRS i RE &) 1 imBri18ssRe 10 th
gr ound.ﬁféo%gsf]mﬁe gﬁkﬁé’éﬁﬁdﬁ%gt%? ated | _nhg?FI AP iR B | Pluoylorlids e
appar at nsred@@fitheohashindngpliopwase of ke pdishipg aeréormes o gRotp ke deanly praseeding
plate 4 ' in8i58 cafhd QlraB0fuofinedt BFMB IrinBEALsufQ: of
a sun gge%g?k %%iédrgﬁé]? gglﬁlglls %@gﬁes%&, T%é gjgfsaervglig?n 4106, ag)él ascosgiafant0
418.  the glds;blahk ingpér 40 us: 40@ss, wilréchi alows e suyfage robgness Re gequiired as the
sandw ¢ ep. . f 02
oiate a0k SERERy MiSHRH £18e RESeR MRt PP ARAY B AREL: BUELRE or
in the thptskeahalasgaateridDingdsnirdeh G.019Bn t¢ h® ifrvie oclar ki effisiedtfiBscaibe the sheet
retai nedl. Thaz 1}sﬁgrface of the di anond sheet 410 bonded to the | ower
sur f aceSBI*PE™ 02 and the upper surface plate 404 in a planar manner
constit ut es arlgrduntlcengregulafigeef. a dHeat glhs, mbtheal Sheed bglhassveddtyeadjatingthe

is ground_by the fix rasive grain in which the diamond sheet 410
is used?“rfaﬁé?&];ﬁ“es”ﬁgc%”? @Eﬁsgmﬁ’?frn FIG 9B, the plural sheet
gl ass mafpessjal s O to be ground is retained while disposed in a

circular hole_ nade in each carrier 408, During th ripding, the pair
of princi pal EGFSERS FRmpReieie st Foled T EaRy 10 OTABIL BAssiHa bb tsed
di amondshegterAl fr\viid FasshabagtsnniteGhadehetieen Phecll@We theSlirhiacslicate
pl ate 402 and _the upper surface plate 404. On_ t he, ot her hand

the sheslesgraads swiabbiysad rahpichpicallgrnafioning crdiiarerRimedaad infhat Be 555

by the ¢alstrhtefordBSnehidbisk BedHEaTorthe eRinebAT thdp@idifdli®iace and the strength of

circunference. The carrier 408 engages the sun gear 412 and i nternal

gear 41fhe subitigle carbe pregdicdled in the | ower surface plate 402. Wen the

sun gear 412 A@h&:ﬁkaﬁ}e% gm@facaagzms@%aéﬁa@%am co@fhg R HIS pdEBt of 57 to
t he ar 412 while

1X
revol ves aroun sun ¢ 4 .rotating 1nan arrow

di r ect | 34%a0a Qb 28t ZgPars. to TAkr &lb0r. & to L A% Lifdend ditadd ol ers sitaldyjused

gr ound i %{%?g sheet 410. [0055] As illustrated in
FI G 9Afd§fhﬁg¥'%‘g§9§‘§%ar s 400, a punp 420 supplies the coolant 418 in

the resef@pdiy 416 to the upper surface plate 404, and the punp 420

recover ?ﬁﬂﬁc_@&l}%{j}%‘ 1&&?@589%];8{}%2%%%%%%%%i%e plate 402 to return

the cool'af e ervolr ereby “circul ati ng the cool ant
418. At this PBritis 4 hiewcilodtmtitg 4 fBw efronesubvmriig getdwdati agiass wulskrete for

grinding fraom t.he i ndi.ng. surface..Specificall in. .t r .
300, whdrrenE Sopaie SRSl ARt hERT bt o BN Hpine
t he | owggtep USFOAC e TRE airepaddd? slidet tglat anatelisd totl@nfolld¥dhgt propetai thet hieface
swarf in the filter 422. [0056 . .. The pringcipal_,surface has t
Surf ace TrBHAICe i High o BYRR H e piinspg SERES ght e 15 raRiepRg of e
fihX ed a?ﬁﬁ&b&i@ufﬁ_ﬁﬁﬁiﬂéc%iba%r aé%égiaSs_ ﬁgmz@él\fdl hﬂa@ﬁétfr{]:&liéfk_ﬁgélgm (gﬂasﬂﬁh_ erdiighness
the surface profile after t gr ing using the fixed abrasive ..
grain, &hderprgoipgy gufage RANgER T + 05 prsi Wgufgha@&@ﬁwac%fprqpﬁay Sy Pfighdhe

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

10



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 becones a profile
shape in which a recessed portion and a crack are partially generated

in arelatively flat_portion. \% the relative fl at ti

et ool e e Biseh PG i R b e b Srrians Lt aied in BRE oo Pl 7.
si ze of addvact BXeRiRRAAS pME vEfdbitn dpPiratdX OPhRd id e pfRYBRMBSSFICOT th IFEG.
ot her hand, when the grinding is performed usjng ﬁe | oose_abrasi ve

grain, §AE ‘f%%g@étaﬁtﬁsfaﬁt% 1 whigh &k %P@ﬁ%%@eﬁwdh? preshiopgingygien viewed
pr oj ectggmggqadfg& as illustrated in FIG 11B. Therefore, after the
grinding is perfornmed using the | oose abrasive grain, the flat

surface @884 not becone the surface profile illustrated in FIG 11A
in whi cgi bphes Fldtin é’?{ﬁé on is relatively dom nant. The grindi ng
perfunmed’using th

xed abrasive %ral nis not effective for the
roughness of $@§H>ﬂtﬂﬁlainifﬁ Wostratad infFIGhé nsqhmckacf@mssﬁtﬁ@émm;ar eigs 1200 330,140,
t he rou f 0. I S.; A

e LR L85R LASRD. G0 B2 SRl SERURRRE L8 f i foten s
grindi nglauﬁmmsgoutrﬁelﬁdmehlemgimmtibwgpcm ni.t Ifretha@p@rm%ﬁ)loﬁ hunipeofde falkten

ot ase. mapssiup? BT R0 ey do T oI o b B BlelE P AT sces
exanpl eobthetthiting paﬁlanfehqo hofy Whils bageridhnd btiwetn tiréaces oflpaig of éleeastltb yhe

] ust r SSHEUA BRSO oy HE Sa PR (B SN RS n whi ch t he

grinding is h$yedifigaipeaé dtwgetedi$i RIG.14)6n iﬁ@@@aﬁm@ asi vike gchalsets of press umts

As illu djn F 11C, n the ortl Ioc exi

"5 the. SoAaBedsand o dini e iulh et S pereR Gt Moo daS ot
grindingotsireasily and effectively perfornmed using the fixed abrasive
graln t he other hand, as illustrated in FIG 11D, when t {1

proj ect ed por£f BRIIGEE: 0 SPB%%HU@Y A EMRRGR gReans thah an asgiufs walye of a

smoot h - gdfdepf@re 'dlifférélﬁe PefHRR D tBhpdrhtufe attaqﬁ-egrfbﬂﬁh? Quiifite f@ﬁ%ﬂpress forming
performed using the fixed abrasive grain even if The roughness is

0. 01 | nAiSGonFSFEng the pair of Fie o8 £ EREARETCGE ATFRSS SUFTAEBIEOPT § 52CoRA PSS
can be expfiGssied ﬁifctokJ ?es@aziﬁme%trgeraﬂ_l?%e dkelufeRBIs e dle t&hgéactm@%ﬁﬁérhﬁ:lc is

G having the optical property in he haze rate is 20% or nore
does not°Giay éess.lreoss preferetdy phmhsoletes\rﬁé}seof the tespezatwd differeeais (b, Vaban a
the gri p e d «ahr

Thor of or 2 lr® MRREMnPELE e Sk MbE MAAES  ER REpURCE 3| e pross
121a andorip@nsuofice’vecads & senyRtatern dear 22entpepoadnafiteeipressdhrmihgsurfane
formed sheet |

opti cal proper eﬁ:?% % #‘@r g?g@ﬁé@gt%}{{a&a\?ﬁ%gé %%ggﬁg% P% qu]%L hgﬂq&]LLeS in
sheet ¢ Isalsfsmtmhl)ethe atmGincngy ptl thg ptass fdmminyyie peniirmedivdali mimiu:npuh snflabed
rate is,20%.1 58 I n rak the
gri ndi ng‘j’e&emﬁ)g}epg?fen%%kgg’i rﬁ’l‘m 9 gleafna@rl%nlngt é%@}j T%t %ﬁ?er na e?%?br??%]é‘t
fixed abmta&nm:ectgvnm the smfewbu «fhthé peer ofi c‘m&mn du‘tp:saantmll;} s saneanmmgv icbenk thatythe
be used tea heet r anpl e,. a pellet t

'S For mebPBYE BRRGPHGS PR CRGH PeEeD i e bR el iR Hee bt et
t hf%_ gl’hl Rl thngheUsti tﬂ@pﬁeb@fohtﬁ@@uﬁbdie@%h& €hetizab the 1{1&%%1&5(3@111&@@1&68 into contact
pol i shi

n After_the r|nd|n is p fonn si ng, t he
PP xed aBis Ggt Biers BB FoMech PGP By hUars B BCHE Sbsolis gdve
mat er i alof Ghd BaRPdiBeRhee DIDSt fREorRANGE 189 1hdh nfpﬁ‘&‘eraﬁllyr fherabselfittat@ue of the time
finishing is performed to an inner-circunferential -side end face and
an out erdIETERaEAT @3RG al - si de end face of the sheet glass material G
by brushi@mghkishing. At this point, slurry that includes fine
particles such as ceriumoxide as the | oose abrasive grain is used.
The cont am naBrerefdhe aiest vntid 20a il d4Q R 188 indyeahya moviagmeshrnyn (not

illustrated) so as to be able to proceed and retreat with respect to the molten glass outflow port

111. That is, ecach of the press units 120, 130, 140, and 150 can be moved between a catch
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[0061] (1) Chemically Strengthening Process After the first
polishing, the sheet glass material Gis chemcally strengthened
(Step S60). For exanple, a m xed solution of potassiumnitride
(60% and sodiumsulfate (409 can be used as a chemically
strengthening solution. In the chem cally strengthening, for exanple,
t he chepvisitiah|apd st yebmgt fositiong S gatbionositéomémieidntim WBOdChe preps 0Bt H4Qets
washed cfr*fik%% ls@i?dslz éﬁ:ﬁd}a@ 1&00%8@ IﬁlinEtﬁQtE el 1?199‘1%1&319 ﬁpso ﬂd'wgoﬁ I??l
sheet gl ass faceri a em cally Str 8 ngt heni n

sol ut i dthefrefredt hosit@ont (podidans ntnwhrch thefnessanidbl 30, 13(h and H¥rare hawvntbysohvhiohes

pr|n0|pa urfa es_of. the | :
B r engU RIS PR TRpish S e Pattann 8 kwe: B G EPRTIER Mg o
mat er i absatéd meejmmmmdahgmsmmﬂodn@bﬂell by retaining the sheet gl ass
mat er i aL'[ﬁO(jﬂat the end faces. When the sheet glass material G
is dipp I the chem cally strengthening solution, the lithiumion

and t heI sodijulgaei @ﬁiﬂg%ﬂéh@ﬁ@hﬁ’ bﬁ:@&igﬂ&ﬂhﬁi pafh bheheskiedn gﬁ@sﬁetﬁe&embaiawﬁ
are repl ace the s I um 1 on n t he ot S|um|on ave

rel at i vESOngR fheomﬁea.géﬁéésmﬁ?wz Tt ch@m a‘ﬁ*ﬁ GUltRg St L@nfﬁaﬂs the lump
sol uti O@He&eﬁeﬁ%é Yebod folereBy”) IR eolken isigs by eutﬁhgetprqieaelaanmy of the
material G The sheet glass material G to which the chem ca

st r engt Welemgass fost from the prodam ggss wiilpyspet L Hro b gathpe Eﬂlt i.lﬁoc igludes

washi ng, ?Qﬁ o?fte&&ggélm 180tR01 180, Cris khdng Imaadayhéyahd: 188 lafh drhheﬂ shael
gl ass material G is washed using pure water and | PA (i_sopropy

aI cohol ylter{eeoezlp ofhgy orsie Al ob1e Bl REIRSE ARSI tINERE-n gY hi @eé%fémg blades
Then se &l‘hpﬂd?.' i éﬁ& dagh 9@1@{] AU HRedrOg1hdGs %E{@tobﬁh@ﬁn% 0Bt efieAdbtinddOeob
whi ch t em ca y strengthening treéeat nent and washing are

suf fici ‘éulis Hywptaviaod the datfispesti®80) . For exanple, the second poli shing
has the @dﬂl ning all owance of about 1 pm The second poli shing
is intended-at the mrror surface polishing of the principal surface.
The appar at usTheQess bait 12Ginglsdes 4 ficst die 1Y, aneiong d{e328 e BADJrivwegd wgt ¥23eand
fixed abr fl i { LS . i

the st BOIT SREI A + R SRk aRPHs i dR i BBpmlite 162 i 7 Plsd Shaves
fromt hmeﬁibezshmlpldhlg&lﬂﬂurfgce usetlh&epénﬁdﬂmﬂm Wspﬁ)mmg for e gibnd Thedirst die 121

ol i snefd t sSopd M 490EF BRARH el Gh Gro-FRE B OF Tt piEs bide
such as sestahfidliahorbiohial; and pasi that aleswziacesdjeamé @Eu‘aﬁél tabadl othel UFHe first

used as .the | oo abr asj v used i e olis

el o fenagveR D5 A ahe FaPif 1) HaRreed e oust el SoRited e Rfkond die 122.
deLer gefin, t?@t;liher Mt Sthe s@@dcli( Hﬂﬂngﬁlﬁ‘lt US4 ek thfl @ecﬁﬂb‘&lerlgz tol pdc@ilans retreat
substrate for magnetjc di t I ace rre ar i

whi ch ¢ Hah TEipssiiadie Bt «ﬁﬁz bn%@ QEL sfﬂﬁtr Spving Wiy %mngﬁﬂ ﬁ%@m%@
roughnegss glclddbea PletidGisRefor §di1rsifn§% duSfabh of O FRE dHABS unit $20HIAhOQEFABY of
t he second poI|5|n as illustrated in EFIG 1, the

| ayers 3% sgeep 3"Blv§1$dwlta]§4tt‘l’1ée F?@%ﬁéi’li%‘gl!"&%?@ gich ofeh dy aPlsna fgehanism
gl ass S'ﬂ'p\%flfcﬁtaﬁ aﬁ@ﬁhﬂﬁ%ﬁ&e‘is’o&ngﬂd%lﬁdg cgl@slﬁfn%% Snidgamagnetic di sk 1.
The fl ow of the manutfacturing netho lustrated in FIG 3 .is

descri bed aboBesaugenthe ﬁ@umr@w’éfhemres ws A K& pyl AP protsipilmoig)thad pd the
t he sha grinding

usi ng ﬁ?es?lﬁﬁg?); rggigcvgﬁghr%?%) ° ‘%%SESH%@ gﬁ%%?@??gﬁ%gl i shing
(Step 56(1)036hnd the chemically strengthening (Step 570) is performed

gotween the Thhs! ea&?gfemrﬂen&% FPp Ak, B o TARAD PO Add bR,

S80). However e seguence 1S not Timt ment descri be
above. A fishdjeasd tﬁwesegmdrdda ygdurgngthetiivg drivieedingtiomd sheysecordadrivingSuatp and

540), t eflrst S n

3a0) ' ar it B REER Y RoCeR e P B IS PP B B0 A el i e

process |d|mg shBtcdph&3 @)ass mawrislNe cTien) del the mess angmtwns ogh¢ Steg HFlpn, the
first die and the second die are separated to cavse 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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In the enbodi nent, the two-tinme grinding (first grinding and second
grinding) using the | oose abrasive grain is not perfornmed to the
formed sheet glass material G unlike the conventional nethod, but the
first polishing and the second polishing is perforned to the forned
sheet glass material G after the one-tine grinding is perforned using
t he fi x&rd pabridesi hetovgthgireirealbesitiasa 96 thetiessomiss §2G. 1d0.nNg0pargic s respastively.

. e
ot | acett DI AsLE BRF bauflefSe 1 FEET Feger iR din I Bllng down
di sk, hﬁwﬂartge chiezespondiag press meig ahdthe sonveyenkowleys e sheal glase ssltemifai Ghte an

princi pal mto 10 gm and the opti cal
propertﬁ‘):'péuf"f1 Wr{a‘gtﬁmlt; %ragﬁg%étﬁ thgpliog ‘0% or nore can be forned.
Addi tion@b33, in the grinding usi ng the fixed abrasive grain,

illustrated i FIG. 1 onI ortion, i
profile can p A{quls L(;.‘ &hﬁlf?t JOPWB&:HP% ﬂ%}d W%Potﬂé‘f% %chfr?
be suppsasgidlly rlndhhaetof thESdatcmﬁins&ivnniﬂldaifihdvf] &€ qind rghehy §(h;it|{tlg whild & gob is
ost roc or ex the total of the.mac al | owances, ca
Do st TD et GHEA PO FSHGAHT BRTBER G TR R g A e weltiog or
pol i shi f@.cofardhd kst gldes fbRFAG ¥ 08 pebe@tit. gl ass material Gis
formed thicker than the target thickness of the glass substrate 2
used in Hﬂéghagnetlc disk by 10 gmto 150 pm and the sheet gl ass

material G i sppy GaeRSE. 192 H@;?e E@E%Eﬂ;ﬁ hlxﬁﬂfﬁ@fﬂ% Biésd f‘b%ngfg ﬁh@foﬁge@ﬂjﬂ the
t he poli shi he machining al |l owance in

convent Pﬁﬂfi’éﬁmsgff(}indﬂé iy stvwgw ilingtratige ghe slaiedefnig theegabnig 1%{181@1953 is a
process);icanfudditn %’@).Ie'sl%ﬂ! gglh(cfh'tﬁé oﬂgﬂaﬁpb{}'ﬂw%ﬁ@ﬁ@% 1t "FW aﬁ@FRf'%C is av1ew
pol i shin ? process) excee In order to reso ow | evel

of the #luatrsitedhedtate frewhigh ﬂmﬂ@h alass mhignd Griatfennieg Iby pmamg ihe gob.he
nachlnln@ ]Iowance is set larger in the conventional first grinding
process and 'second grindi ng process. Wen the sheet glass material 0
is largely gréuibhsiraied eFi€oive atm@tralﬂleps ovesRbse cottauonsic Kodeept from the
proceed f.ne i h i.ni .

al | owan(iné}\f{és %ﬁée@lﬁ p L%apyptl ﬁir egse 81\6 qhef-‘[ sf LI?E)I??OS% &V%gndp&ﬁlgtgnmmd
second polings it ng the aoitdn mss cmattdml é@msmgt tihermattmgr‘abadessiés andlé2 (FIG SB)

"rol | - obI enl' . of th i ch t n bor h
the ou apeRfore iy Bt g RS dflneally §iteh By BE PO BROLERE oo
substr aﬂ&:reotfs Inaths ethntipye iletrdted @eFiGashambnfiowlqhawanpe tote thibe molten glass

pol i shin rdi t.a th nti gnal ess That. t he .
el ghboFHUGHE b HhRCGURe T T Heer S Tt 1BGE BRI ot befhehpdne
at t ri butesiiisoftabeutl186im ih@imédeeRaite B cﬁtﬁhgumes@m g@ldrsher is used
in perfﬁéﬂ%@ﬂ the first polishing and the second polishing. [0065]

In the of the enbodi nent, the principal surface of the forned

sheet gl ass neShhdd gdbs(}cgfaﬂbl kv et & B& fdrwas tROASHNYE2 DR feorde 122
the first polishi ngl can erformed to the ground principal surface

of the SREWPrEEAEY 1At ehf His DofRfe fHEriHPCITving Wl 3cATH ke HEoThriving unit 124

enbodi meak, FIGh@]hBi%CHHv@ﬂ BSkhathhOMe HES d?@mlbﬁlddﬁg sERREWid Thot &b%mgab&dao NGeh
SO that t he machi ni n&@a owance can be set to the range of 10 pmto

150 um iother Aethg timies Hg 2ob s migrs thegrgp ibgiear thediret dind2kandbig second die 122.
pol i shi @erek&gﬁa@] 1&@&@5@#@% sonye bl enak ¢ &mk&u PGet%frp%%& e 121
S 0 h ilTu

Exanpl e Her €i na ter e efféctivenes strate
FIG 3 waag ﬂf@cmmnﬂrf}eqjlﬂ An inneTlgacunferentagli shifecet 18 1y bhds fige Aia 12124900 i mner

Si 02, 0 cﬁ&:%fe@ 14’[1%%91 ce 52‘3 of 328 é%l:gr%lsdle 123 Q& Yo %L'é %Oeacl‘?‘ggler Yvatg étjlﬁl o 84D,

Na20) was used ass mat netic

formed and tcﬂmegqbr@cp asmdw@b@s@wsmbﬁle rztee cursinmgrentall smfs:et e of ﬂutftr@rdm d21

appar at ys peci fi V. t .

CoTazr atél 9 Elg'f' T clrglﬁ?fle%:gu% gﬁnfegeﬁg%é gf}ﬁf %ecgréo%g %ﬁ%lj f&?naeﬁ Jptg to 2 thin-plate shape.

non- nag n’epnogxactuﬂd@adey iL 22 1|s@ycemdedtm éleﬁo@z I%ﬁreﬁn&ﬁaﬁ@]Zsugia@mmza rof theegreedridalie
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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- Conparative Exanples 2 to 8 The gl ass substrate was prepared
through Step S20 to Step 880 illustrated in FIG 3 by the press
formng illustrated in FIGS. 4 and 5 using the sheet glass nateri al
in which the flatness of the principal surface was 4 pmor |ess and
t he rou%hness of the principal surface ranged fromO0.01 pmto 10 pm

al t hough2bHd thesecopddée s pweg Inmpa AirQOUETepiiR) Fofiace @dm&értb@ iige die 121,
Exanpl eghedAnd %aﬁ ?emeeﬁﬂé éjﬂéﬁc%%mﬁ’fé?éﬁlﬁ% 2805 1R ?Hf’érfﬁél A TAUGR 1 8 Rer

S20 to Step "S80 ustrated 1n FIG e press formng

i 11 ust rercenfyrential @gfaca 137 obthesespgdidie lth@ekepg corstanirig genicegte i disitshaged
the fl s of the principal surface was 4 pmor |ess, the roughness
of the principal surface was nore than 10 pm and the haze rate was
20% or roe4l] [0071] - Corrparative Exanples 12 to 14 The gl ass
substrate was, N, s
FIG 3 by the préj% grcgﬁln %Hag‘? Hﬁ&aéﬁ%% Sﬁgg%\dd gaﬁé%%%h lé?t die

sheet ngiszmdnm:@‘rdl dlb 12n, mﬁdl teﬂperhmdslealﬂmeﬁst die meamrsemdphd: 1321 i stzened

was nore_tha t he .royghness. of t al s ce ranged
from 0. SEErE o RE i * kS oRutans@eraree §et b BRle Bt d e 0079 -
Cﬁnvent i onal zExﬁmnhiﬁl the gob Ga-gmcgg‘ip@/:ﬁéiy sorrBied a&t@m&iﬁﬁ’m[ﬂi’ﬁ [dfy 2d a8 iiiegsetdid
sheet gl.a teria epared by the cqnyentiona t

Gl sl oot 1% Bl o Rhcdelies g ConG gt g e Ceash R BrAR L S 116 of e
first Ofish@kngl of e mecann@Erbiiil A9fact Mafdfﬁﬁatsemhldmmgls a8 Betrdnfi®y short
second pol jshing were performed such that the prepare

d g
subst r at%e 2pR¥¢ & S§Qﬂnfia’6ethier?@§@P’ér}Qy i Heatoren Men ot Gy h';e@m@ﬁ i the

princi pﬁibst%ﬁkﬁefl@%@sk%&pe%ﬁ spkddHiaf aloBg $heARkbr ch8uh RHANAREFARI1 21 016F the first die
principal surface was 0.2 nmor |ess. The sheet glass materials

of Exanptleandthe émPlCl&?h‘élf%ﬁh‘ﬁéﬁ‘aW@éz%&%‘bF gecond dig 122 arp preppatesshort
whil e t R SHl @€ %ota UGQQ 9495?&19%3016&1&%s&i‘dlﬁéaqn%@fdﬁ% aarrbrﬁﬂaﬁs @ra@bs $hereby

form ng was changed he conditions of the grinding a

pol i shi p@p@fngEhaﬁpkéhapﬁdtSbeei Blaghthatesiabgr aln the err@;oémﬂnbimle&ampm thgeshset
set as I [

di am)ndéls%f fifberial éhga%ﬂ(h%hé&rﬂggtg%gﬁﬁ% %;sdﬁglﬂet%%?e’fsjs% %e?‘%%ﬁog%dg&éwd
(averagémpalmm;l e size; diameter of 1 pmto 2 jtn), the polishing
was perf@ggﬁd using a hard urethane pad, the machi ning all owance of
10 pm t he second polishing process: colloidal silica
(aver age par tAftdrehs ifize; di@nmm@ﬁme@bcdhd]di@&yz atehcéoqad,l uhslp'rasg und s 20 quickly

Bﬁ{ for n]:en%va*liI stﬂnl%o tre gp?%l?' aq ¥né E)?f gres H%lt %0':%1 VES ?Cf rl}alc%glll %osbtbogsal"fdet capless
t he seceﬂdl@panﬂnngthplpmsaﬁgtwmegotp@ﬁfor med as the gri nd| ng process
usi ng th@ Iéﬁose abrasive grain. The conditions of the first polishing
process 1%k he second pol i shing process of Conventional exanple are

i dentical to Aheshe pfesﬁxﬁHMmo&estto tHelreaba pﬁaﬁpﬁ;rtﬁé ﬁtSEdﬁXlam@?ehelsebﬁhd

was por FENARATEPLSEAZTE thF Srt SIS Crbie] Doy “GROEHY elgh CHR TR bt Sk

Wi th regpesh G%e&&h@es@blaﬁét%&élnﬁi%ﬁtlde!buda ?@m po@). LUtheg ﬂﬁé«lﬁ@ﬂ@x@mﬁgﬁﬁlt 13
one that checks error occurrence, dirt of head, affer test

abnor maPq (e sewad Sriving wifdd4 a5 direrds sepapye Beditsidin Pl e %ES’CP%?’& 122,

di sk dewjeC@letl flasd rhat6r£ @ffaﬂsadmm fForh b6 bRBs urit |1Q®rpanHQh§E6}Rrege? 171- located
while the HDD 1s placed in a thenno-hygrostat of 70C and 80% After

t he LULbelawtthepresomgd 2P r%@ﬁﬂ@y sheet7glass deaperiak §dersddCt Hes i n which 10
HDDs waspgjaggd for one experinental level, the test result was

eval uated as fail when abnornmality was generated even in one HDD.
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 1224 of the

second die 122. Therefore, the inner circumferential surface 121a of the first die 121 and the

14



Table 1 illustrates the roughness, flatness, haze rate of the
principal surface in Exanples 1 to 11 and Conparative exanples Ito 14
and the LUL endurance test result (pass or fail). [0075] [Table 1]
Sheet glass material Evaluation Flatness (pm Roughness (pm Haze

rate (% Possibility of grinding using fixed abrasive grain Flatness
inner circumferential swface 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 imnner 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 pym to 10 pm, preferably 0.01
pmto 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
cotting 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. 64, 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 cuiting 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
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after second polishing process (Im Possibility of adjustnent to
target plate thickness LUL endurance test result Exanple 1 3.91 0.013
20 Possi bl e 3.88 Possi ble Pass Exanple 2

the press unit 120, the gob Gg becomes the spherical shape by the surface tension of the molten
glass Lg. 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 ¥IG. 7D, i 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 biocks 181 and 182 falis down at one time, and the gob Gg becomes the
spherical shape by the surface tension of the molten glass Lg.  As illustrated in FIG. 7D, during
the fall of the spherical gob Gg, the spherical gob Gg is sandwiched between the first die 121 and
the second die 122 fo 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 fall
down and the press forming is performed to the lump Cp while the lump Cp is sandwiched from
both sides between dies 221 and 222 during the fall of the lump Cp. FIG. 8A is a view
illustrating the state before the lump of the heated optical glass is formed, FIG. 8B is a view
illustrating the state in which the lump of the optical glass falls down, and FIG. 8C is a view
illustrating the state in which the press forming is performed to the lump of the optical glass to
make the sheet glass material G.

As illustrated in FIG, 8A, in an apparatus 201, a glass material grasping mechanism 212
conveys the lump Cp of the optical glass to a position above a press vmit 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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3.33 0.088 20 Possible 3.15 Possible Pass Exanple 3 2.71 0.166 25
Possi bl e 2. 65 Possi bl e Pass Exanple 4 3.45 0.289 20 Possi bl e

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 conceniric 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 predstermined
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 wum, 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.

[005]]
(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 pum.

FIG. 9A is an overall view of an apparatus used to perform grinding, and FIG. 5B 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 illustrated 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 intemal 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 intemal 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 material 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 suiface 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
afler 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. 114, 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 is relatively
dominant.

The grinding performed using the fixed abrasive grain is not effective for the roughness
of less than 0.01 um 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 pm 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 illusirating
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 um 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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0. 008

using the fixed abrasive grain. Therefore, the surface shapes of the immer 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%
is 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-sidle end face and an
outer-circumferential-side end face of the sheet glass material G by brush polishing. At this
point, sturry 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 fons such as a sodium and potassium which cause corrosion
can be prevented.

(0060}
(e) First Polishing (Principal Surface Polishing) Process

The first polishing is performed to the ground principal surface of the sheet glass
material G (Step S60). For example, the first polishing has the machining allowance of several
micrometers fo 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 slurry 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 sturry of the turbid fine particles such as cerium oxide (particle size:
diameter of about 1 pun to about 2 wm) is used as the loose abrasive grain used in the first

polishing.
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exanple 3 2.41

[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
sirengthening 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 I[PA (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 prineipal surface.
The apparatus 400 that 1s vsed in the grinding (Step 540) 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 tarbid fine particles such as colloidal silica (particle size:
diameter of about 0.1 pm) is used as the loose abrasive grain used in the second polishing.

The polished sheet glass material G is 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 pm 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 $30) 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 fhe 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 $40), 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
370) 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 pm
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 um to 150 pm
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 um to
150 pm, 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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1.38 0.096 15 Not possible 1.43 Not possible Not tested Conparative
exanple 6 1.56 0.664 15 Not possible 1.66 Not possible Not tested
Conparative

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 um to 150 pm in the grinding, the first polishing, and the
second polishing.

(00661
(Examples, Conventional Example, and Comparative Examples)

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

The alminosilicate glass (57 to 74% Si0,, 0 to 2.8% Zn0s, 3 to 15% Al O,, 7 to 16%
Li»0, and 4 to 14% Naz0O) was used as the glass material.

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

[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
pm 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 S80
llustrated 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 pm while the

flatness of the principal surface was 4 um or less and the haze rate was 20% or more.
[0069]

- Comparative Examples 2 to §

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 pum or less and the roughness of the principal surface ranged from
0.01 um 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 throngh 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 pm, the roughness of the principal surface ranged from
0.01 pum to 10 pm, 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 irregularity 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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examples 1 to 14 were set as follows:

- the grinding process using the fixed abrasive grain: diamond sheet,

- the first polishing process: cerium oxide {average particle size; diameter of 1 pm 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 fest (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 80%.
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
{(pm) (pm) rate of after second of test result

(%) | grinding | polishing jadjustment

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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3.11 Possible Fail Conparative exanple 12 4.14 0.088 20 Possible 4.18
Possible Fail Conparative exanple 13 5.81 0.077 20 Possible 5.99
Possi bl e

Example3 | 2.71 0.166 25 | Possible 2.65 Possible Pass
Example4 | 3.45 0.289 20 | Possible 3.58 Possible Pass
Example5| 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 1.034 206 | 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

Comparative] 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

Comparativey 2.22 0.065 5 Not 2.31 " Not Not tested
example 4 possible possible

Comparativep 1.38 0.096 15 Not 1.43 Not Not tested
example 5 possible possible

Comparativey 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 (.64 11.34 40 | Possible 0.55 Possible Fail
exarple 10

Comparativet 3.04 13.33 35 | Possible 3.11 Possible Fail
example 11

Comparativey 4.14 0.088 20 | Possible 4.18 Possible Fail
example 12
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Fail Conparative exanple 14 7.63 0.083 20 Possi ble 8.15 Possible Fail
[ 0076] As is clear fromthe conparison of Exanples 1 to 11 and
Conparative exanples 1 to 14 in Table 1, as long as the fornmed sheet
gl ass material has the surface irregularity in which the flatness of
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pr oper tigxdmplai ch t he thaze ratje i1 s|20% or [nore, the LUL endurance

test cgmbe perfo a7 ang. 1h ne -asy rial passes tne_ oo
endur arg‘emlfaé' five 7.63 Iﬁ‘(a%;{arrpl$2 s éﬂo. Hhlg 1 g%dl ggsétﬁ‘?/e exaﬁﬁ‘res 8
to 11 l@mg% I he roughness af the pri nci pal surf ce of the sheet

gl as U.L CIl1 d.l \J CTALC UCU 1 U }Jlll VVI Il L ||C }Jl Coo | Ot ||| ||U wasS
perforr‘rt—[&mﬁlhe sciibing process was not able to be perforned.

Therefore, thgigQfehNGoiaR RRHhITRSE E‘ﬁhxhﬁ'teé i‘?o Ploérﬁ élfrﬁﬂatatfv@%iﬁﬁ}ﬂesolf to 14
the scribin rocess. I'n Exanpl e 1, the thickness

t he shelt Taplaassasiongers te famedishest glass @afe@ptﬁlaﬁqhmfwapwlmﬁaw Whléh the

target ﬁ%}h&§ '3?@1% p%%c%giesuﬁh@esigéiﬂp&t legsta%d%hé)%u e&naftﬂ?e %rﬁ% r?gi mé"fagﬁgmgcs

t he t hi ckness was rermve
t he pol frehiOdy, pmatiei @ psn dank éhayipdissl m@mwﬂmwemmthetﬂmtzheat@ ar2g&t ortthdrekthe 881

| ol Ut ok A ARGEa AU AE bR, PASRAR e, U ANULARGECL St

was abl e to onal® éxXa
conventi onal Imﬂ)dammes Bhe 1l hind IKvegsratif-e exrendésceto D, é;seausmﬂlerro@hnms;f the

set | arger .t han thet r get thlcknes f th SS_ S ate

enaPeiei AR er A A TEHERR §lertebied Bk S frhigomes
poI i shi pgforinbéyr tb\sctibieg qirasss subsibt able ol beh pérfemedr gEcteretfdme,c Kressinga®was
able to_be obtained. Howeyer, it s observed that the nei ghborhood
of the B © i"‘?@3’%&?@}%&@@?@@%@%’?@}%&%@% he magnetic disk in
whi ch the gl aaExawmbRslad 1, @Ee tERRVSHDT 08 SlccCNaRPhR RS ikl BRGNS Sorming was
rounded, whi.ch causes the ' r obl enfd

gttle %F@e

[ 0077 As .
oscr | blEE Bapde Brect piskhes o Gt BB O RO a8 edigkness of

irregul @(‘)' o 190 ;Ytﬁ'vﬁz‘@ rézﬁ@veﬁi"@hﬁ@%ﬁn&ﬁg Taﬁt?tliérﬁoﬂﬂhlﬁéﬂwh%wbﬁraﬁeeglh@ sﬁb:ﬂf@t&
or | ess and t he rougm?ess of princip surface ranges from?oO

pmto 1WitBihe fsget iy ﬁ%tl’élétfimﬁrt%éltff%?e nﬁcaﬂiﬁﬂehﬂtahea%tzt ﬁétleendera@e%est
or or ewad ML &f Y Repakdd. i s found that the grinding is effect| vely
perfornmed using the fixed abrasive grain. At this EO' nt, "the

flatness of thEpverongaxempiefomediby the grivertionggget ofe Hheghickuesy airthe heet
flat ”esglél Tséaﬁatwésfaeﬂ 1%%&@%}[ %@% étfthl Hes @Ak 1§§ét§§t,§u%{eez %ﬁétsdﬁﬁﬂ 'tﬁe

di sk acturlnga l'ass su trate
magnet i thickngss Ad60 1 wigh mmowdéoypihegemmg andethe p@irshtmaswm;éw Heglaps sbrbttrate

above 1.8kl lafger MOWRVEL was NI E SN butafEN 1iBReler, HOad 1BL-EE 1t the

neighborhood of the outer circumferential edge portion of the magnetic disk in which the glass
substrate of Conventional example was used was rounded, which causes the “roll-off problem”.
[0077]

As described above, the formed sheet glass matenal 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 pum, 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 Jm 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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t he above enbodi nent. The various alternations and changes coul d be
made hereto wi thout departing fromthe spirit of the invention.

[ Ref erence Signs List] [0079] 1Magnetic disk 2d ass substrate 3A, 3B
Magnetic | ayer 4A, 4B Magnetic head 5 Quter circunferential edge

portio Ap I t .
130, 248° ey it PR s poYRidd Il A0l BY B vt withont
ci r cunf dapertiingdionsthe SpiceoftB@in@@B®acond di e 122b Spacer 123Fir st
driving unit 124Second driving unit 160Cutting unit 161, 162 Cutting
bl ade 171First conveyer 172Second conveyer 173Third conveyer

174Four [Refeamedyeas [24PA ass materi al gaspi ng nmechani sm
[0079]
1 Magnetic disk
2 Glass substrate
3A, 3B Magnetic layer
4A, 48 Magnetic head
5 Quter 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 nnit

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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401Lower surface plate 404Upper surface plate 406l nternal gear
408Carrier 409Cear 410D anond sheet 412Sun gear 414l nternal gear
416Reservoir 418Cool ant 420 Punp 422Filter [ CLAI V5] . A
manuf act uri ng nmet hod of gl ass substrate for nagnetic disk including a
pair of41§ri ncdoﬁ))ﬁll surfaces, the nethod conprising the steps of:

form ng sheé (fﬁass material by performng press formng to nolten
gl ass, 420pri uimpal surface of the sheet glass material having target
flat nes‘?zfor 1:t_he gl ass substrate for magnetic di sk, the sheet glass
mat eri al“havifig™a surface shape to be ground using a grinding
abrasive grain; grinding the sheet glass material using a fixed
abrasi ve grain; and polishing the sheet glass material using a
| oose abrasive grain, the sheet glass material having surface
irregularity of the principal surface ground using the fixed abrasive
grain, wherein the step of form ng the sheet glass material includes
the steps of: causing the nolten glass to fall as a lunp; and
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form ng the sheet glass material by performng the press formng to
the lunp while sandwi ching the |unp between surfaces of a pair of
dies fromboth sides of a falling path of the lunp, the dies being

set to substantially sane tenperature. 2. A manufacturing
met hod gé Ag]{ﬁ?s substrate for magnetic disk including a pair of
princip ces, the nmethod conprising the steps of: form ng

a sheet gl assi, r@tn%’nb&btubﬁig REShEY BF BRsPEBSRatt ToriTinAgnedie diRN nBRdMgas Pair BF
princi pal surface of the tF?f{]eet glass material having target flatness

for thePghoarad suigces, themae %ﬁé&at@em@w the sheet glass materi al

havi ng surf acRrhgeouka f!atsy Mafbnm &3 ek ® 1961"{&?1%1&%' 3 pnnc1pa1
surface ranges fromO0.0Il itmto 1 |ma and ‘an optical property ~

Whi ch aSHEES OF tie hees SREYREHBRERE tareet fatiessdr g EimesbHee S risseic dick,
nat er i a{he@ﬁé’ét Q&s§ R THHhORE a sﬁlrffcgléhﬁfe pt%) Ye Qn& Qs‘??]%;p glheet g PR dr¥in;

using a fixed~abrasive grarn; and I gl ass
mat eri al usi r@ﬂ@lﬂgdb%é‘leaftﬂ% ﬂlﬂﬂéﬂr@i Bding a fikesl mme sypimsed mat erial

having the S;ﬁan@ﬁjﬁg e Seu! s'stn)[até}fal hé]ﬁ%BﬁbJ},E'TaB%%Fé r?‘iﬁ@ o e e%%'s ﬁat

the fixed abriasive~grain, erelnt
mat er i ahavimgswifies irtegeladtyaf shegfrincipalsirfage gduemmshrtghe (jkalsaﬁ:raswefaam as a

| u and t terla formng the
prggs form ngW el %eﬁtﬁ%ﬁg\/\ﬁl ﬁgﬁgé’qﬁ%\/\gﬁ%l nge’fl?} a1 Hu&gﬂ‘% SE e%rc’lr| sgrfaces
of a pair of @usasgﬂm@mitmtgtasstod‘aﬁ;amhmﬁ'amd| ng path of the lunp, the
dies being set to S t er.at ure. . 3. Th .
nmanuf act u?i ng HBYEJa° I%eegﬁkg%rré%@fg% 1[}? n’i’rﬁbeh%‘ﬁscfow tgcth%ﬁﬂmlévhﬁe
to cl ai lnﬁm@dhn% thammebewteéremﬂ’ae@tof@m&&frwasﬁdlmboth&dfe@bfmhmﬂy’ RKEe6f the
than a E gﬁ(&hlbckness Ofbtar}u? gyass substrate for nmagnetic disk by

10 | am “63’ i Degigpet to substanliglly SAMEIPmBFAEs naterial i s processed to
the target thxr}@@ﬁfdawnhgenanwdf BRisS beRuad ot HRgRelc! B HONLEIRPa pair of

4. The manuyf ri n %g(? | ass substrate for magnetic disk
accor di RgneR? é}‘ 4"1'??’ 1e MEiRRG eApsig PestePse di es is opened i nmedi atel y

after the pr %ﬁnfngrar@hea dlfs ﬁﬁfefrsamyﬁerr 1@%&@%%@ tEmbh& éleiPa gﬁnmpal

sandwi ched between the surfaces of alr of dies in the ste

f or mi ngSYrkse ehiershest glass mateaslibgying fafget atsss fipp e plassisubeirale foi @Pﬁﬁ@tWGHSk
of gl asgesybSt AL Sndial mﬂggﬁr&cé S uBEEP AN G R0 s Y 115 ﬁ]ﬂzgﬁ?it Lg]r@ace

4, wherein the grinding i s pertorne u5| ng a dianond sheet
di anond rqpars frem&dlame tqok(bmnde@alil npttqaleprgpﬁrtydn mdrichtedpmze rate is 20%6or nTve

manuf act uri nggﬁﬂﬁﬁl{lbqﬁ Qﬁeeg%@s@ ks rh%ﬁﬁ tlfeosﬁ %Jl&ntg Fﬁ&tl@f&%ﬁ&ﬁ 'p?(ﬂ)erty

to one of cl urt er corrpr Sl ng scribing
sheet ghasgaﬁa@fbahrwlvmme@d the step of forni ng the sheet gl ass

materi al anda]%cgﬁpgé tllﬂedéhggt éﬁsggnat?(nal usmgé loose%brrgg[\}gf ?%n L{ﬁv\fﬁ'_lﬁ%etm?las[s néaterlal

gl ass substr gnet
pri nci pahvisgjﬁﬂeauﬂ‘a@ﬁrregumw efihe glimgpal mifme |gedun& asmg tedheé slvagdfe Gali]

A M T Y R T N
flatness i s 4cqueingthel resifen 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
lump, the dies being set to substantially same temperature.

3. The manufacturing method of glass substrate for magnetic disk according to claim I
or 2, wherein the sheet glass material is formed thicker than a target thickness of the glass
substrate for magnetic disk by 10 pm 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 claim 1,
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wherein the pair of dies is opened immediately afier 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.

5. The manufacturing method of glass substrate for magnetic disk according to one of
claims 1 to 4, wherein the grinding is performed using a diamond sheet in which diamond
particles are provided in the grinding step.

6. The manufacturing method of glass substrate for magnetic disk according to one of
claims 1 to 5, further comprising the step of scribing the sheet glass material between the step of
forming the sheet glass material and the grinding step.

7. The manufacturing method of glass substrate for magnetic disk according to claim6,
wherein the principal surface of the sheet glass material has roughness of 0.01 pm to 1 pm.

8. The manufacturing method of glass substrate for magnetic disk according to one of

claims 1 to 7, wherein the target flatness is 4 pm or less.

31



