DESCRI PTI ON TI TLE OF THE | NVENTI ON: GLASS SUBSTRATE FOR MAGNETI C DI SK
AND METHOD FOR MANUFACTURI NG GLASS SUBSTRATE FOR MAGNETI C DI SK

TECHNI CAL FI ELD [ 0001] The present invention relates to a

gl ass substrate for nagnetic di skDESCRIPTEONod for manufacturing the
same. BACKGROUND ART ooog& cent a hard di sk drive device
(HDD) is i hErpOFakiel 6@}\15&%3%%%&%& TEFQAR HlAGNE G RISK AND

par t 1 cul a1 A0P FRR HAMERERORIVB G855 s R AE ROR A pTic pisw

t he not ebook personal conputer based on portability, a magnetic disk
in which a magnetic layer is provided on a glass substrate is used,
and magetHNIGAdCBIEIIng | nformation is recorded in or read froma
magneti c | ayer using a magnetic head (DFH (Dynam c Flying Hei ght)
head) (PP s slightly floated on a surface of the magnetic disk

surface. A gll"ﬁ re%gﬁsﬁ(r%&%n'réiaﬁéltbaé)% ssus?tﬁ)gtéag fgp%agﬁjf?i%t &19{ Ené Qrmethod for

magneti c dISk caus ass subsfrate icalTy defor
as conﬁﬁ@gﬂwﬁ@mgtﬂg§@ﬂ3| c substrate (alunlnun1substrate) and t he
i ke. [0003] The magnetic head includes, for exanple, a
magneti c resistance effect elenment, but such a magnetic head may

cause t her nal perity trouble as its specific trouble. The thernal
asperi?V“ﬂ?@ggﬁggééﬁgftrouble i n which when a nagnetic head passes

over ari io-irregularly-shaped surface of a magnetic disk while

floati and flying, a magnetic resistance effect elenment is heated

by adi abati c Recdnlyes suaindigk doatadte (FDA) s iRaHHirAg] & i @atordlr@inputer or a
Thus, for av0|d|gp the thermal asperity trouble, the glass substrate

for maghéPi(Digifad Rersatilsr disa) eegorsifehanpaeaius by ‘f'l‘ééref(p?eé‘pfér‘i&"t@s Pagfmlharbfs in the
L SUELGE SLLoBANNEe, A0 Ll SRS 0l LIGPHARELRRLLBES SnAlE base on
portability, a magnetic disk in which a magnetic layer is provided on a glass substrate is used,
and magnetic recording information is recorded in or read from a magnetic layer using a
magnetic head (DFH (Dynamic Flying Height) head) that is slightly floated on a surface of the
magnetic disk surface. A glass substrate is suitably used as the substrate for magnetic disk
because the glass substrate hardly plastically deformed as compared to a metallic substrate
(aluminum substrate) and the like.
[0003]
The magnetic head includes, for example, a magnetic resistance effect element, but such
a magnetic head may cause a thermal asperity trouble as its specific trouble. The thermal
asperity ftrouble is a trouble in which when a magnetic head passes over a
micro-irregularly-shaped surface of a magnetic disk while floating and flying, a magnetic
resistance effect element is heated by adiabatic compression or contact of air, causing a read
error. Thus, for avoiding the thermal asperity trouble, the glass substrate for magnetic disk is
prepared such that surface properties, such as the surface roughness and flatness, of the principal
face of the glass substrate are at a satisfactory level.
[0004]
As a conventional method for manufacturing a sheet glass (glass blank), a vertical direct

press method is known. This press method is a method in which a lump of molten glass is fed
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As a conventional nmethod for manufacturing a sheet glass (gl ass

bl ank), a vertical direct press nethod is known. This press nethod is

a nethod in which a lunp of nolten glass is fed onto a |ower die,

and t henlouambovedr dial dnenthgllasp of Mmdlteanglgdsa@solteringdyssilsmpy esprefofompdd using an
usi ng an upper_di e_(Patent Docunent 1) A gl ass substrate has a
pr oper HHPY %@aﬁ@tQOF‘i‘%@‘}tllé material. Thus, as a method for

strengt heni n% %E%_l&&sﬁ L&%ﬁo\%o}’ %gv\gl aﬁ%%ﬁ Bstdal e ’T us emn(%&%é/ for

strengt heni n ass sub

di pped sirghpthdiedd 8l frﬁﬁ[ﬂa@ @AdeYOfSthé onas Revduat, lal é]iéhﬁlcall? étl‘éﬂg’tﬁérﬁﬂgmod has

lithiumions and sodiumions on the princi pal face of the gl ass
subst r &ten wawn sodhidna gass aberpeiadispednin ohejted d@ucallwﬁteyigthuemng Higjuid to

chemi cal ly strengthening t her eby formn res |ve tress
| ayer 69{1? a?ﬁq @‘i“ﬁ%llo?saé‘ég ﬁwﬁelog? Radthe oCRL ga b s cuhre Wit

Thpancc BA AT TAVEUGREN bl AT NG tﬁi?%@*%@‘%ﬁ%%@%%ﬁ%ﬁ‘?? Bé‘élﬁ}héhefeby

2: Japaneste Rabeipteskiat atr@s@ eayePoh lthecatincdphl Neve FARR 122 10Bdtr S NMARY Ddcument
THE | I\l\éI)EI\I'I'I ON PROBLEMS TO BE SOLVED BY THE | NVENTI ON [ 0006]

PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[0005]
Patent Document 1: Japanese Patent Laid-open Publication No. 1999-255521
Patent Document 2: Japanese Patent Laid-open Publication No. 2002-121051

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0006]

In conventional glass substrates for magnetic disk, the strength of the principal face 1s
enhanced by using a chemically strengthening method, but it is considered that a further high
strength will be demanded 1n the future.

[0007]

An object of the present invention is to provide a glass substrate for magnetic disk

having a principal face, the strength of which is further enhanced as compared to a case in which

only a chemically strengthening method is used, and a method for manufacturing the same.

MEANS FOR SOLVING THE PROBLEMS
[0008]

In view of the above-described problems, the present inventors have intensively
conducted studies, and resultantly found a press forming method for forming a compressive

stress layer on the principal face of a glass substrate. Specifically, in this press forming method,
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In conventional glass substrates for nagnetic disk, the strength of
the principal face is enhanced by using a chem cally strengthening
met hod, but it is considered that a further high strength will be

denmandedpress dthees fayttican bd B@6iEll on each of Anpadbpepilinadpal tihees wiasgads blank that is
invention is to provide_ a qlass substrate for magnetic disk having a
pri nci papssiigeeed. Hé0§tr?]é1ﬁ§t he 6?01% rgte 9isa medien @lass hrisgawessed vdsnpaluaw of

to ac a.chemcally.stre net hod )

and o Ao R Rkl IRg: Bk gt “REME oAt ‘ﬁéc*ﬁ% found tha
PROBLEMS h&@§8ling both thd Bresk eyrAingt BRtRRONRT qe@l?éiﬁl@ﬁgr %TOd a
present inventors have |nten5|vely conduct ed studi es,” and resuﬁ%ant

f ound atompw&\'é efress tayenbahogla fapge thonkmessgnd admg}mmmesse/eﬁmmmba)feﬂned on
on the pri ﬁlpa| face. of gl ass substrate. Specifically, in this

press farhPhiemsreal faces ghaglasssupyide, jaag apsulianiDbe kst sHbgtryA heviss peincipal
a pair fgées%gg&éngﬁl £ R08 el ARl ARG Mde® Brose 1 or s, Y
ing t o? a2 o

control ing rate o ass being pressed mhen a

lunp of ol t erergliasse blﬁenﬂbﬂﬁ,sstfdh@ﬂ%ﬂmg%é‘tﬁo@ tR@iticlefesdbfhe JoMIr&8Tve stress
the present inventors have found that by perfornlng both the press

form ndaMtfh@%ﬁdanMYé)ecﬂmﬁrﬂet allanythgt gosryedsErei sigssisyho dormed dpnreesrsssy forming
stress | n ckn and a high compressjve stress

can be n?%%ﬁ%d ?%H’rﬁ’l%ft HE“’ ‘?Sﬁcq BRIESSHF %Fetjgg@éers@%?# dyvethe press
and reqﬁﬁﬁ h

strengt ?E\t",\%.' ﬁh?Pa P?ﬁ-gﬁbgﬁﬁggg %ggﬁf ggl? ahﬁ%&%ﬁdﬁg%n tp%tluckness

i n the anbeinireal é}ypaﬁilble podftieRhngf ﬂﬁEIgMQ sulishﬁtet hik Aesthidkhedshe the compressive
conpressive stress |ayer formed nay be smaller than the conpressive

st ress siraspdryer douned tyythe phemjealbssticogtivenige metiaddnayFos atsub hle] 00 fre.
t hi ckness of ressiyve stres formed by the ress for
et hod mmy _bd TSLSUIPTES0 S, S BR ThaleiroTETy s TeRnrAgs g the
the thigkhiRegy @ﬂ?@h%ﬁ%{ﬂ%@ﬁﬁ@%&? b@ﬂlnﬁ%@g S ke BnptdisivelRss ﬁay egren?rgtrepré% the

substrate, while the thi ckness of the conpressive stress

by t he comprdssiat Istresstlayen Gonesdi tygtheet¢ve domeiytg estladdo u Foil @xdrapld OBe Prdgnitude of
The conpressive stress generated in the conpressive stress | ayer
f or med Ry CPOMBIeSHERSHESS| Senetatech gt Hash CHRGPIFStF® dlresnlaper Hrmsd tbye &@achemcally

f or med By R e BLOSRY; ARAS 05 R0 Ko SRIRIRER kel R i pivergress
conpr egehtted if ﬁfe&oﬁﬁiﬂ@é%%&eésﬂa&éi‘%ﬁ@@iﬂfﬁtﬁé ipY&s FhASS n‘Jeﬁ%ﬁris Bl%ﬂf%dl to 50

by the chem caI |y strengthening nmethod is about 10 to 50 Kg/
whi |l e ﬂ%éﬁmagnltude of the conpressive stress generated in the

conpressi ve re |l ayer fornmed b the ress formng nethod is about
0.1 to 50 Kg/sfﬁ?ﬁ’@ ote, by com Wéffgeg’ﬁ %1 o%‘flﬁf#lﬁlgng meethade pnd He gress forming

st rengt heni ﬁgg% Spdd g% strate
havi ng on t(ﬂe %ﬁsnm pa ac gﬁg% \?%ersgf‘%e qeﬁsgregslrtr% hhavmg alarge
| ar ge tihikdesessd amcghacdmrgbssmrmeggs@n\& f@h’ﬁ@ﬁ@s @@ﬁpé@&i foof B%@ 11@$vh1ch only the
conpared to a case in which only the chemcally strengthening method
i s used@heppapptrengthening method is used.

[0009]

From the viewpoint described above, the first aspect of the present invention may be a
method for manufacturing a glass substrate for magnetic disk, which includes a forming process
of press-forming a lump of molten glass using a pair of dies, during which the cooling rate of the
molten glass during pressing is controlled so that a first compressive stress layer is formed on
each of a pair of principal faces of a glass blank that is press formed; and a chemically

strengthening process for forming a second compressive stress layer on each of a pair of

principal faces of a glass substrate formed using the glass blank after the forming process.
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From t he vi ewpoi nt descri bed above, the first aspect of the present
invention may be a nethod for manufacturing a glass substrate for
magneti c di sk, which includes a form ng process of press-formng a
| unp of00tdlten gl ass using a pair of dies, during which the cooling
rate of the nolten gl ass during pressing is controlled, sg that

. SO a .
first conprelsthpangtheddy maprcting o ghsyswitiasdar Breaetisipk greferably, in the
princi l?al'nilfl ac?oscegsf # %llliinsslu am( ! ﬂ%li {a3s Bl hrdld Rl ed’l“elging the pair of dies
chem ca?l}y %Prengf Reni'ng ro_é’essmfoor_ ormng a second conmpr Essi b
st ress foay@itec®bng 36dh @fecBolBéihg SfthPsdnaArioRBe fA@aesrRfiof gl ass
substrate forned using the glass blank after the form ng process.

[ 0010] _[0011_] In the method for manufacturing a glass substrate for
oot ton’or i S5 o s " EhRgsBG R ek B i
directi LEeeti | r e | ' t f
[0011] PROEss, BRER At e g BRIt S aRAARR ekl of B prd BpEELfiec o
magnet itlge sHiSE diksis bl tdnBhNY @nficcess, press form ng may be performed
so that the tenperature of the press formng surface of the pair of
dies i$0@2bstantially identical. [0012] In the method for

manuf acturin | ass, substrate for netic di.sk, the te rat ure of
the pair of B tREon BTG 4 ARy SHETHF ATenatfie ARRoegaTpgatire of
(Tg) of dikEMag B TeptAuhkPBad (RESLQLitbh Poink (P JBEnoliEn Bla8S Suri
bl ank é%%\}tghg{:??s) 1tﬁeagai r %f %es to t%e tirmel 1t hgglgnl gtsés])1 bl ank sepgraat esrmg
f r om t hepepiat rof aimedirem. whdith3]glass blank cbntatiaeherpdihofidiestto thertithadteuglassdlank
a glass substrate for magnetic disk, wherein the method may include a
pol i shispprgepbemdhe p#r phdies.al |y renpving the first conpressive stress

| ayer Q& t]he second conpressive stress layer fornmed on a pair of

princi g 3'faces of the glass substrate after the chemcally

strengt heni ngy REOGESRod Q0 Mhhufacturing ol lpeisS QGBI tATRE AlagRdtict BRK PHBSRN the
invention may be a glass substrate for magnetic disk having a pair of
pri nci padthddmag indilve gpadsbimpuirstasate pandllydemgviag tlonfirsesenmesste guss layer
| ayer fornmed with chemcally strengthening, and a conpressi

| ayer A9 MESSRPROCERRFETSER Sipsslaye Fﬁ%?fhaPai{HéPEBﬁB%Iécé%els@é\{@t%ﬁgés%%gStmte
layers el B RYSILAYOkO%aRAGY RLOSE

[0014]

The second aspect of the present invention may be a glass substrate for magnetic disk
having a pair of principal faces, the glass substrate including a compressive stress layer formed
with chemically strengthening, and a compressive stress layer formed with physically
strengthening, the compressive stress layers being overlapping each other.

[0015]
Thickness of the glass substrate for magnetic disk described above may be 0.5 to 1.0

EFFECTS OF THE INVENTION
[0016]

According to the present invention, a glass substrate for magnetic disk having a
principal face, the strength of which is further enhanced, can be manufactured as compared to a

case in which only a chemically strengthening method is used.
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[ 0015] Thi ckness of the glass substrate for nagnetic di sk described
above may be 0.5 to 1.0 EFFECTS OF THE | NVENTI ON [ 0016]

According to the present invention, a glass substrate for magnetic
di sk having a principal face, the strength of which is further

enhanc S red to a case in which only a
chenmi &%@#ﬁﬁ%ﬁﬁ@ﬁ&ﬁéﬁ%ﬁ%ﬁaﬁﬁﬁéd. BRI EF DESCRI PTI ON OF THE
DRAW NG§p1[9017] FIG 1 is a perspective viewillustrating an
extern shape of a gl ass substrate for magnetic disk of an

enbodi ment. FIG 1 is fl ferspectise ity @iudtiating tahaéit8@alasHap@Vwiof PRE substrate for
enbodi nent of a nethod for manufacturing the gl ass substrate for

magnet ineagiptakdislk of drecrabisbmentent . FIG 3 is a plan view of an

rat us us in.press formng of the enbodinent. FIG 4 |s a view
bl i i ng. prAY Gt FERG UGS psdR AR Ebotiment ofp grethod B gnaiuring
11 ust gt hRg GhiRl for talhat Abk BF &S embBGiMidag of the embodi ment using

a gob formng die.
FIG. 3 is a plan view of an apparatus used in press forming of the embodiment.

FIG. 4 is a view explaining press forming of the embodiment.

FIG. 5 is a view illustrating a modification of press forming of the embodiment using a
gob forming die.

FIG. 6 is a view illustrating a modification of press forming of the embodiment in which
a cutting unit 1s not used.

FIG. 7 is a view illustrating a modification of press forming of the embodiment using an
optical glass heated by a softening furnace.

FIG. 8 is a view illustrating a modification of cooling control means used in press
forming of the embodiment.

FIG. 9 is a view illustrating a state of a compressive stress layer of the embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0018]

A glass substrate for magnetic disk in this embodiment and a method for manufacturing
the same will be described in detail below.
[0019]

[Glass substrate for magnetic disk]

As illustrated in FIG. 1, a glass substrate for magnetic disk 1 in this embodiment is a
donut-shaped thin glass substrate. The size of the glass substrate for magnetic disk is not
limited but for example, a glass substrate for magnetic disk having a nominal diameter of 2.5
inches is suitable. In the case of the glass substrate for magnetic disk having a nominal
diameter of 2.5 inches, for example, the outer diameter is 65 mum, the diameter of a central hole 2
is 20 mm, and the thickness T is 0.5 to 1.0 mm. The flatness of the principal face of the glass

substrate for magnetic disk of the embodiment is, for example, 4 pm or less, and the surface
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FIG 6 is aviewillustrating a nodification of press foimng of the

enbodi ment in which a cutting unit is not used. FIG 7 is a

view illustrating a nodification of press formng of the enbodi nent

usi ng asughptdsqatitheletis Snda@abeghnlys Ra)sefthe pringphiukeaisefor example, E2@m Br less.

is aviewillustrating a nodification of cooFing control neans used

i n pr edkisfto baingtpdghattthe fletmbesdicaeinad for @ substiate forvasneti¢ digk s atfinabpmduct is,

state qQf a coppr,essive stress |layer of the enbodi nent. DESCRI PTI ON OF
e PP

THE PR Nrs [0018] A gl ass substrate for
magnet irgo@hsk in this enbodi ment and a method for manufacturing the
same wll be described in detail below [0019] [d ass substrate for

magneti ¢ di skmorphous alisinbbilivst rehise dotlm-lifeGlask, barogiliaste ghigbst thatltkel @h be
magnetic disk 1 in this enbodinent is a donut-shaped thin glass.

subst r &%l asThmatsrigeoighe gliss gbgkate Joipmagnetie diskrin feyrabpéimentk Hastigwbarly, the
limted but, for exanpl.e, a, qglass,substrate for net.i ¢. di,sk havi ng a
o nar i eeS oS Ene ety 857 o8 SREEbEed PR RS bGPt be
Subst r ghffofd, AROAdsE sellstrkicBY hAgnRicNRER Bkl 3TehRksQf e Erihél?ah%ee and
for exanple, the outer dianeter is 65 nm the dianeter of a central

hol e 2 streng?l® ofithe sahsiratéreart be plepasd. Tltisp@idalile iflalflorphous THassfis ptepesd based
of the prjncipal face of the glass substrate for nagnetic disk of the

enbodi PrfReseglase grateialmbacause exirpmely sadlsurigperoughnestii asdisved-oughnier of the
0% B SR RERE ol Bl P B P Sbo LRER L o PO BB i

ness require
subst r alR s ARG Ecatt Skssasprphieal product is, for exanple, 4 jim

or |ess.
[0021]

The composition of the glass substrate for magnetic disk of this embodiment is not
limited, but the glass substrate of this embodiment may be preferably made of amorphous
aluminosilicate glass having a composition including 50 to 75% of Si0,, 1 to 15% of ALO,, 5 to
35% in total of at least one component selected from Li>O, Na,O and K,0, 0 to 20% in total of at
least one component selected from MgO, Ca0, SrO, BaO and ZnO and 0 to 10% in total of at
least one component selected from ZrQ,, TiOz, La;Os, Y203, TaOs5, NbyOs and HfO, in an
oxide-based conversion indicated in mol%.

[0022]

The glass substrate according to the present embodiment may be amorphous
aluminosilicate glass having the following composition.

Glass material including, as a glass composition expressed in mol%,

56 to 75% of Si0,,

1 to 11% of Al,Os,

more than 0% and 4% or less of Li,O,

1% or more and less than 15% of Na,O, and

0% or more and less than 3% of K;O, and is substantially free of BaO;

a tota] content of alkali metal oxides selected from the group consisting of Li;O, Na,0,

and K,O is in arange of 6 to 15%;

a molar ratio of a content of Li»O to a content of Na,O (Li;O/NaO) is less than 0.50;
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[ 0020] Anor phous alum nosilicate glass, soda-line glass,
borosilicate glass or the like can be used as a material of the glass
substrate for magnetic disk in this enbodinent. Particularly, the

anor phous al anmolasirktic af en gbetest e, Oetos thet aitdl yeamsedt dfnthe hdlkali metal oxides

chem cal lé st rengt heni n% can _be perfornmed, and a gl ass substrate for
magnet i{Kz f(éieoé“%%e@ﬂér@) ithOfPr s&s of the principal face and

trength Of L IGaPURRGE R ALHAD- BB MSRANET: kb3 dRECEE LA b listng o Mg0,

anor phous gl ass i s prepare ased on t

ext r englay. sh@kio %Qﬁfaqgle%]er&qghagg%;i s achieved. In view of the above,
it is preferable fromthe both aspect of strength and reduction in

surf ace roughhaslsconfenanbMghous! GlQuisiinesangecdtl® tgBa%s i s prepar ed.

[ 0021] The conposjtion of the gl ass substrate faor nagnetic
di sk of thi s2eRBBYiAENCT heniptal| santend Pt MEO pd Gridste Shepitalagentent of the

this e [ I DRY, L.nosilicate

gl ass %ﬂ%ﬁgg}éomagﬁg ?%ﬁ%%@ﬁ%?)%%%@%w g% L%%%Wl%f 0 15% of

Al 203, 5 to 3%l dontedt af thefallali th@@dxid¥lene eHEnagint-cafh eft8dx{deOM in a range
Li 20, Na20 and 1(20, O to 20%in total of at |east one conmponent

sel ect of 20 tof@MyO, CaO, Sr0, BaO and ZnO and 0 to 10%in total of at

| east one conponent .sel.ected from i 02, La203, Y203, Ta205 .
N25 and Hi GBS S0 0 f AUELCsbt BB NEh G5h A GREA LM THa g phtis afkal
The gl malsubstr@%ﬁ?&accor dla{;(gsto t Bge Pr eseg%kgﬁﬁg_ggjﬂ{rent Mayerhe oxides

anor phous alumnosilicate g s having the W ng conposition.

A ass MavigOHElaOHLHIO)AL B+ NasOaK gb-agOe-0aPesStD)1an 0Svprassed i n ol %
56 to 75%of Si02, 1 to 11% of Al 203, nore than 0% and 4% or |ess of
Li 20, 1% or #uetel epméent o5 axidpmselertuh fiim thepgroup aensttiing of dve Tad ¥2605sL2:03,

than 3%2&363,]1\(%22 5, z%l%dl‘aizag Psl’tlxlljosrte%ll’]atni 0%/&: Ial){d ﬁé”?:%r gss;%% '

a molar ratio of the total content of the oxides to a content of ALO;
{(ZrO2+TiO2+Y 205+ Lay05+Gd204+Nby Os+TayO5)/ Al O3} is 0.40 or more.

[0023]

The glass substrate according to the present embodiment may be amorphous
aluminosilicate glass having the follwoing composition.

Glass material including, as a glass composition expressed in mol%, 50 to 75% of Si0O,,
0 to 5% of Al,O4, 0 to 3% of Li;0, 0 to 5% of ZnO, 3 to 15% in total of Na,O and K;0, 14 to
35% in total of MgO, CaO, SrO, and BaO and 2 to 9% in total of ZrQ,, TiO,, La;0s, Y505,
Yb203 Ta;05 NbyOs and HfO,,

a molar ratio [(MgO + Ca0) / (MgO + CaO + SrO + BaO)] is in a range of 0.8 to 1, and

a molar ratio [Al,O3; / (MgO +CaO)] is in a range of 0 to 0.30.

[0024]

[Method for manufacturing glass substrate for magnetic disk of embodiment]

Next, a flow of a method for manufacturing a glass substrate for magnetic disk will be
described with reference to FIG. 2. FIG. 2 is a view illustrating a flow of one embodiment of a
method for manufacturing a glass substrate for magnetic disk.

As illustrated in FIG. 2, in the method for manufacturing a glass substrate for magnetic

disk in this embodiment, first a disk-shaped glass blank is prepared by press forming (Step S10).

7



a total content of alkali netal oxides selected fromthe group
consi sting of Li20, Na20, and 1(20 is in a range of 6 to 15% a nol ar
ratio of a content of Li20 to a content of Na20 (Li20/Na20) is |ess

than ONefdf, the compressivérsiress laydifornodd en aenprémipad fadé2dr the prdparddoglads blank is
content of the al kali netal oxides (K20/(Li 20+Na20+K20)) is 0.13 or
| ess; removed ig spgh aMasepE o 1@erveaﬁ Rt phidesamprespiire alress laxps Ster S36). edNext,

30% o ol BiRoR ShbOR O et ca ke fRPat el dubitdly (FR9S50). Vet ime

a ol afehRidl Qlagf sﬁU@ﬁat%Oifs alubfeefet aftshape NEfdes Qn%h OE&ISﬁi SteSJ S40).

content of the al kaline-earth netal oxides { 0+Ca0) 0+Ca
i s 0. 8&Neat, thoglass substrate isasubgctld tocgnnémg usﬁmgtal”fécedlalbaislvermalal(Stadeép Next,
and the al kal.ine-earth netal oxides is in a ranae of 20 to 40%

a nol acdgapelishire of theidass suhtteir soreriogaed €2iep SaRE (Yexd the Pﬁﬁ@Pﬁlofﬂﬁ‘F of the

ot cos HngbEREaB EbicPR RS (B SRRBR Tok b SN FY oFEb PRt Prpntr f

a totalp oﬁﬂﬁﬁ%nﬁs QubR¥edet BbREdRY §r@mHeARI(SHp ssn)SI siikng 1@k a{e@fﬁcany
Ti 02, Y203 a203, Gd203, Nb205, and Ta205 is nore than 0% and 10% or

| ess; airengthened glass swistrateriasubyeatdd tolsecandtpmlisloog (e S80). t Abe ghisdadstrae for
/ Al 203
?chf‘;g{‘afﬂ@{%“%%%f@%@ D onieh T daae Saaer 30203 +Nb205+Ta205) }

Each process will be described in detail below.
[0025]

(a) Press Forming Process (Step S10)

First, the press forming process will be described with reference to FIG. 3. FIG 3 isa
plan view of an apparatus used in press forming. As illustrated in FIG. 3, an apparatus 101
includes four sets of press units 120, 130, 140 and 150, a cutting unit 160 and a cutting blade 165
(not illustrated in FIG. 2). The cutting unit 160 is provided on a path of a molten glass that
flows out from a molten glass outflow port 111. In the apparatus 101, a lump of molten glass
(hereinafter, also referred to as a gob) cut by the cutting unit 160 is caused to fall down, and the
lump is pressed from both sides of the falling path of the lump while the Iump is sandwiched
between surfaces of a pair of dies facing each other, thereby forming the glass blank.

Specifically, as illustrated in FIG. 3, in the apparatus 101, the four sets of press units 120,
130, 140, and 150 are provided at intervals of 90 degrees around the molten glass outflow port
111.

[0026]

Each of the press units 120, 130, 140, and 150 is driven by a moving mechanism (not
illustrated) so as to be able to proceed and retreat with respect to the molten glass outflow port
I11. That 1s, each of the press units 120, 130, 140, and 150 can be moved between a catch
position and a retreat position. The catch position (position in which the press unit 140 is
drawn by a solid line in FIG. 3) is located immediately below the molten glass outflow port 111.
The retreat position (positions in which the press units 120, 130, and 150 are drawn by solid lines

and a position in which the press units 140 is drawn by a broken line in FIG. 3) is located away
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The gl ass substrate according to the present enbodi nent nay be

anor phous al um nosilicate glass having the follwing conmposition.

A ass material including, as a glass conposition expressed in nol%
50 to Tiot thk nSlfeA glds botflo¥ @it W1203, 0 to 3% of Li20, 0 to 5% of ZnQO,
3to 15%in total of Na20 and K20, 14 to 35%in total of MO, CaO
Sr0, ah®f2Bdo and 2 to 9%in total of zr02, h02, La203, Y203, yb203,

Ta205, Nb205 I ar ratl ( + O+ 5r0

+ BaO)] is i rl;ﬁ r][a_"];{l um 815 prowilde é a'\’%c?hl %ﬁle) noltéxtl'%faﬁﬁ?cﬁve(e%tge catch
+Ca0) | pb&itibA (FositRMd@ mlc@ tﬁé)g(Q} BQaplufli2syl ﬂ{eh&bisqﬂmf) Qhd @f@éﬂﬁ%ﬁ@ﬁ giabsﬂgutﬂo“r
gl ass substra e for magneti c di sk of enbodi nment] ,

of a mebttdd!f oTheranttifa ehitrliof doangihadsmp wi staleh ezldse lbyrmgmgta prodcrscl«uantlty of
will be described with reference to FIG_.2. FIG 2 is.a view

i |1 ust Mg mo e% gasgiloging gat 3@%31%@[%1(‘3”0313%5 H’é@ﬁ&’dp‘?réruh’anmeaﬁ‘ﬂtwg r"n‘@lta160
gI ass 3 CL 1rf Heu %de%.l%'l %Ed 162. The éﬁﬁlﬁ%%fdﬁ%sr ?éle'ﬂld' 1% g;gngekn SO as

in the ne n'anu acturing a gl ass su rragne

in thisoe erst‘el@&tt raaeﬁ ottek ot tha pditskf sdapeEbngtlasssatbioaént SmHeE PAVIRGh ¥ cutting
press foim ngb (Step S10) Next, the conpressive stress |layer forned

on t he badenddhand i@?cmtmeCt eﬁ@hmtmathemogbag@smsmktq shtaiefargab. i Mhewbtrined

a manner | eave art of .the conpressive stress |layer (Step
S20). Q?Slist‘f? "gtP}i@@atBF&?fﬁthsng?ﬂl bed to prepare a donut-shaped
gl ass ie@ﬁrate (Step S30). Next, the scribed glass substrate is
subj ect'e 0 shape processing (chanf ering processing) (Step $40).

Next, the gl a8s psesbahitale ihdudadly et ¢id 120, grdcodd die 12, adirsk drivigdunit 123, a
abr asi ve grain (Step S50). Next, edge polishing of t he gl ass
subst r ageniginying winEd pidaegeoRagpontiadynit 12he E@thﬂfutlpfaﬁrsf died 2bfang He second

Ol aos. B e AR onEer vt h ot e WisB bR e R e st ey ot the
st rengtphn&rglf&gmﬁgtf@rpth%% NeXbresd fb%nlﬁ&ﬁsﬁﬁki%@é hﬁy%@rc?r@glﬁf‘?&e&aaip?és The first

substrate is subjected to second polishing (Step S90). e gl ass
subst r atiel2bandthgrsetdnd die $R2 b diffoaechacthtthatowghalt dm:calmvﬁ the mée&sebecome
Each process will be described in detail below [0025] (a)Pres

For ni n@uﬁt%@&lg h@gg@galsgl(y; such that the surfaces become parallel to each other. It should be
noted that each of the die 121 and the die 122 is not limited to be plate-shaped so long as each
die includes a press forming surface. The first driving unit 123 causes the first die 121 to
proceed and retreat with respect to the second die 122. On the other hand, the second driving
unit 124 causes the second die 122 to proceed and retreat with respect to the first die 121. Each
of the first driving unit 123 and the second driving unit 124 includes a mechanism for causing
the surface of the first driving unit 123 and the surface of the second driving unit 124 to be
rapidly brought close to each other, for example, a mechanism in which an air cylinder or a
solenoid and a coil spring are combined.

The cooling control unit 125 causes heat to be conducted easily in respective press
forming surface of the first and second die 121, 122 during press-forming the gob, and
accordingly control the cooling rate of the gob during press-forming. The cooling control unit
125 is a heat sink for example, and is one example of cooling control means for controlling the
cooling rate of a gob during press-forming. The cooling control unit 125 controls the cooling
rate of the gob so that a compressive stress layer (first compressive stress layer) is formed on a

pair of principal faces of a glass blank formed after the process of press-forming the gob. The
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First, the press formng process will be described with reference to
FIG 3. FIG 3 is a plan view of an apparatus used in press form ng.

As illustrated in FIG 3, an apparatus 101 includes four sets of
press wobling ca@ol 13012518 @ravidedldls ta conthétiengrelsuifacesGippasitt ta ticarpressnigrming
bl ade 165 (not illustrated in FIG 2). The cutting unit 160 is

provi dédrfangs af fest Anbiecandgdics dal grchE. t Haeferabbyibe sorliner@miral vl t2nis formed

| fl 1 f | |
Chor o Rp eafidl Pebimb e (obgh O GRES ol Bitoriop RS epl R B 153 and
i's cauged tpof @{Hﬂpﬁ‘)Wﬁem ﬁ?s‘i' aﬁéf' @ech&rﬁle‘s $2p5ﬁ $20.k HOM LYrhn R Colloy (e.g.
the falling path of the lunp while the lunp is sandw ched between

sur f ac aaviéd), ahqna)orhngfcodtrebumadim gnegraloch favtnké rof cbpmr,ebycoppﬁrlaﬂnmgalummum an
gl ass bl ank. flcally, as illustrated in
appar a@lyningn allpy gr #@d}kes eticethefoaking gntiod ugpd2s &@dea&%dugﬁatm@er than

ar e, PO 9dad of BLELIRLoAA Y %802 IaLIRLTR] HEP 58 8880a dics 121

out fl ow port € press un

140, angdd 3159 fism dhd ¥6H chy ba MEMDE ABGHARUSH duidde. | [ THéSHdapt&ucEAHAST the
to be able to proceed and retreat with respect to the nolten gl ass

out f | owltpthatd dlldy. (MMidD) 1571 ¢BEm- O, antl dhgp hest ssondidiiyity 20, copBg, is 440, (VémaK).
150 can_be noved b tmee a catch it and a retreat ition. The
cat ch ARETRITBIT (BT He RO CRTOR s €S Einy he P piprA i elegiec A ograing to

solid | i e
out 1 oupaet iRl bEGhAETARAALITRR! FhfnlioReLe"or U MRl EhrohE 38y and
units Laéndld6s 12ndnd 302ar Birelr endnsdoynd @les di 211 | @S] 2N areareff@isdd to0Ravienstrength
which the press units 140 is drawn by a broken line in FIG 3) is )

| ocat e@axaahg@/ of ppsieiningeprrssl et thyrefore pigfaratdy thesr arej nqt intepiegeai7vith the cooling
The cuttin un| 160 is provided on a path of the nolten gl ass

bet weerf°F 1ﬁg "position (position in which the gob is captured by
the press unig hezﬁr\ﬁlastahg rHQJhEﬁ@mg n@ﬁlﬁm%uﬁ %E%‘ﬁ@@gf tiqhilor diRCete UE&\M@ coohng
unit 160 fornms the | unp ten gl ass ting a proper quantity

of t he effiettf emd/gd, aﬁsatfrigamdgnmm such ashtder, emJ men bg baepsred uik fal covlipoedntrolling
111. The cutting unit 160 includes a pair of cutting blades 161 and

162. THeeagsfaricaptrolling e cpgling Fde q%tiw 5@% deingREsSsHENg o | nt er sect

each other o the th of th | ten S t, ,c0ns

Che cut t1 ng. Hiekutas b Sy 85 T bER SRS TEn B0 REL T80 ol b s YRS ot e
i's cut fésenitan ﬂh@ @e%@tmﬂ?’@f tﬁ@bfﬁs@ﬁﬁit@@@ 20, la8d d@%ret aWfed. t B6ntrol of the
catch position. 28] e press unit 120 includes a first die
121, ac$ehngmM¢h&mﬂ2®?Gavﬁumgwednﬂmdh@aunlt 123, a second dri ving

unlt 124 and a cooling control unit 125. Each of the first die 121

and the%@%dond die 122 is a pl at e- shaped menber including a surface
(press for m e?%ﬁéhaﬁiggs Lﬂﬁtﬁgox;e% t§ ﬂ{ebc%dﬁ' ];}olgf?lloﬂrt‘ﬁg ?alflf?%g&lpg SEII?J\&F%H% between

gob. The press formn

first dhefids?Hicoa@ ﬁlbee@@@@ﬁl&bﬁ tlﬂvﬂag&‘h@ﬁﬁt diisingsed ssdahe ﬁémahd dfvighunit, and
directions of the surfaces becone substantially horizontal, and such

t Eat t Hbimh ﬁa“eﬁsedoietsmmreé@tzanilﬁed gticdme@c\hhiéﬁt ¢rored, tfter@brgmmribe arpgrceldr glass
1 122 im

bl at - SHEhic sBoCIES adinePEsit) Bante prPabl Pobfimmgealieto 15.000

The Tingk d%blﬁg%cé!&’a{ed%%ﬁﬁe se@e‘§ Jﬁlgethfe 'rﬁr%e %ﬂe‘%s Lats Eﬁaeb?éshana&dtuﬂﬁg;ressmg

retreat "Wt spect to t e 12 t he ot

second Tehy iieggan nfay 12 faraigd eiatd thecknessondtatlieefol 22 glass plaak eforl aamagnetic disk
retreat mﬁth.re@Pect to the first die 121. Each of the first driving
unit 128eHsatith §é‘i§dﬁ@!eﬂﬁh viNNegt. @fex thearessiwit pesesdo e FRalishispasition, the first

causi ng,.t he urface rivi n|t 1 ace of

Che sodindTai 1R, e, Sapa-fE0 o6 s AR Hibld it BB HILRRE. °h s
ot her, d\gteR¥xanp) @:se@on'a'eé\d?ﬁ@jfe?n?"/‘,?n aV‘tﬁlrﬁ h:oﬁ@e)@i‘ rl?%ﬁﬁdqg%u@ﬁ c8nveyer 174 are
solen0|d arnd a coil spring are conbi ned e cooling confro

provided below the retreat positions of the press units 120, 130, 140, and 150, respectively.
Each of the first to fourth conveyers 171 to 174 receive the glass blank G falling down from the
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cooling control unit 125 is provided so as to contact entire surfaces
opposite to the press formng surfaces of first and second dies 121

and 122. Preferably the cooling control unit 125 is formed of a

mat er i abrrbpohigg eads @of) dimdt thy i doyivijedtehvéypane tdhat dnkeacty of appdrsus (not
and second di es 121 and 122. For exanple, when first and second dies
121 andlluspated) ef thenpaidredessan ultrahard alloy (e.g. VMA0), the cooling
contr ol it 125 may be fornmed of copper, a copper alloy, alum num

an aluﬁpﬁﬁn1alloy or the like. Since the cooling control unit 125 has
heat conduct gkt i.gRefgit a j e d

121 and 122, TR (poalaclor BBttt Bo bidPhnR0 9200000014, 504 150
from t Beqgatalbamdve tef fhecéateit bysitios ahdrnged: to tleuiaiede positien Reédke the gob is
conductivity of the ultrahard alloy (VM40) is 71 (WmK), and the

heat comylsehsd 159 Bat hepglass blanka o C@WCWK‘)QOWE@QT%@W Whaeutf waitas tihre the

coolin ont r unit..125 may be appropriately selected according to
t he hegP&8§H§ﬂ§?ﬁ@ﬁ?ﬂ?ﬁﬁgﬁaﬁgggﬁeSHP& ness and di nension, etc. of the

met al ggmnqng first and second dies 121 and 122. First and second

dies 121 and 122 are required to have strength capabl e of sustaining
press, and t éGed guetopFlEl. er &b lmyorehwpycificalyndlustratbe greag éstmang petforened by the
cooling control unit 1 heat wasti ng rrechanismincluding%b)aisa

25. A
passagéPefais diia BIC 4i@) isex dewrluystiagng 8 §tafg before e okigmede, HG. 4

heat i nQ,: e¢ i - i .
cont r ot AR MR, DERShe oBhT: B pRaPLEARLfY PR Buf G g is o
pr ess- fydviiN@trating the stalBa6aHEh thB @186 blAEk ¢ i€ ForafedthrésBeshepo.s 130,

140, and 150 are simlar to that of the press unit 120, the
descri gf98ds of the press units 130, 140, and 150 are omtted.

Control of the .coaling rate. of the gob GG wil| be described |ater.
[0029] SAﬁP%%at@aleﬁafﬁr 449, ARAUTREES maerioh GERPERIGYSY; AawhoutifFpm the
fallin 1SccS i di et -t f k.S i g 0 !
i vi nerFha FRs S FRRCIHE: PRAR e el hafule) REGRRECH bt fertined
gob i s theingrd cunhtte Molregdiatematenad LE Ristiends Suihis] iadee dlee chndt 1ar @bg. 4 (b)).
preparing a circular glass bl ank G Load a?plied Spressing pressure)

bk

may be Theeffaicatheyui mokeneglasshyeowes 2suotntially Sheder] iggh GoBhteriga surface tension
I t fLici tl it hi t he.. it bl e. t

R A AR RN R Y R R R R

for a gRsg RPN Jrake BuBRYNBLI1G0FhSKnd hpepeRtly YRrBfmed a&-t%r & hf;%lume

Next, after the press unit noves to the retreat "position, the Tirs

di e andictdnairzdbyrible tiget sire asehickatediitio glassddartki@ f or ned gl ass bl ank
Gto fall down. A first conveyer 171, a second conveyer 172, a third
conveyépo%ﬂ3, and a fourth conveyer 174 are provided bel ow t he

retreat posity f units .120. .130 0 d Q .
Fespect i vty TERTE b R AT AR g e eBn AT EeR 187 Mg gecond die 122
recei veftihe pakaasit Pb@nkaGHiabdihf) ghmn dfi{/ﬁ&f@dnhei 23CAIIBS BEAEH RIGivRIgeS St 124
unit, and tﬂe conveyer conveys the glass bllank G to an apparatus (not

i |1 ust r(sgedd)s. 6F art daveresutch phab tleesfirst §i0030pnd the secondThe 1 2penatlose th@ich gther

configured such that the press units 120, 130, 140, and 150 i
sequentdt &ﬁ? yITHES &hg gok fos enieEshihg 0%t bW thentivk di 1¢hand dbe aggond die 122.

ont | nuelitblepat @01 P PREDY 0 Hon T 11 Ol Fofhof Hefl @ inCinE@ie 121
bl ank Gnd thaeétopd @ss12Mi tAn (@8 ¢rcumferential fokface 42 (@)préR thhking 4uffEde) of the

more specifically illustrates press fornin%dgerforned by the _
appar atfurst diod21 pndan innegyir¢unigreptishsurfabe $232opress farhang suafasebeff the eeqond die

S i 8 bl SRR e B

1T ust rafeliRGe e ShaicR 1012 Whine MirliNBe @ P3&1 Mk A Qrdtn LIRS PN ce 1224 of the
pressing the gob. [0032]

second die 122 is formed into a thin-plate shape. A projection 121b and a projection 122b are

provided in the first inner circumferential surface 121a of the first die 121 and the second inner
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As illustrated in FIG 4 (a), a nolten glass material LG continuously
flows out fromthe nolten glass outflow port 111. At this point, the
cutting unit 160 is driven at predetermined timng to cut the nolten

gl ass omtieffetdntibCsuSicagl 1daeolC thet sddgndldasias2 1fbpanideliSth ORlel.todkeep)the gap
Therefore, the cut nolten gl ass becones a substantially spherical gob
GG due betevean sher innerecitcumdtrontial iverfaast 1 24d]of shenust disf1 24 frad dhs nevgircumferential

or VST EBE 1220 N B sorg iR L8 iR pe Tl i abe Po Bt T Ghfidhd Brojection

accor d'mﬂ) WfutAc¥iabi e, GOLE WHRBS kY %J%t&@élﬁﬁé irfHef @irﬁff'ﬁjfefemlﬁlks‘ﬁ?ﬁt?e Pila of
t he gl ass bl an% [ 0033] T% ob GG falls down toward

gap bethcfnt dibe 21 land; thednﬁer tturafudersat saurchedil EZal.Qche)fsecbhé djzr E2Ss kmttconstant
120. At this 0|nt the first dr|V|ng unit 123 and the second driving
uni t 15athasaplatg @apaqswelwvlerﬁ such that the first die 121 and the
second die 122 ¢ h_.ot her .at

enters the ghS*bovHEOR & RS TPTIGE Ve BH g el EaRbAa”drang 25t forming

Ther ef ?E&essaﬁl bekd $rhheh iths RhfBodfnét) and BR 8@k Hapk &)fcm@tgyésedﬂank is not
(caught) between the first die 121 and the second die 122. "An inner

ci r cunfrestreried &l theshaveeof1Bd ali€. prigss i, as nilngrasadr akls) 4ofc),t the dobrstetaiicé by
121 and an inner circunferential surface 122a (press form ng surface)

of t he cosebiigs e‘i’"e"’ npbreach RIetigae! 118 WadH2Bt her with a micro gap, and
the gob GG Say %% e(iil 193*1{‘_"@@ 'Ec)% Hgat t%gfrerr% teY tr%[ &Itioﬁ% of %g%?cﬁff%%mlal

of the flrst the “I’hner circunt er en surtace

t he segefsted |1g1a1£121 122a g doBt(; @ didthaged et&lteh@m;ugﬂ tRé &Gk icOAtrol unit
121b and a projection 122b are provided 1n the first inner

ci r cunflédpb anadcatdages With @ flomvief heht Hllnetrated by theiagrow2in thmflgurhe second

i nner &¢5 unferential surface 122a of the second die 122,

respecﬂ in order to keep the gap between the inner

C|rcunferent| ' ' :
Gi 1 ount or ont { ol AP RE Lo amEnebiah Lich hosfyfead Fp RO 1F cHONGE the firt dic
the prapecitoscdidldicand, hitk tpdperatics an tik2@Rt dhut2lagai febn@dh1 TR Befetained
wher eby the gap between the inner circunferential surface 121a of the
first @uﬁicmlmlﬁafet tean Hieeglagy Freumtienr eamt alo §ﬁrth%1@@1f922ela3§f LgheThat is, the
second dle i S pt_constant, so that a Iat ace

gener at@Qpe? e Comﬁﬁe@sec BISH NG §DET o nk uﬁ%%ﬂ% E rr 1§t hi tﬁ% &b G
and 122} fith&l PResh 1%&901§fu9ﬁ§1%§t1é1nsupﬂ‘a€§ ~°f2fé)5m1{%9ﬁ1‘sf‘ deM B and the inner
enbodi ment, and the outer shape of the glass blank is not restricted

by the ca‘bm’pﬁsrerftlal herfdeee.12Thatl the, sasnd | dieisk22at etherefofe] @e 4erfipgraturdrecontrol
gob stretched by c| osed dies does not reach gﬁo jections 121b and

122p. mechanismdngy hayer g eqadiggimechpgsmangluging g expmplgst gatherf & iquid, a gas or
centraly, ”ﬁa‘?z“dqsgsa %]oolhrﬂggffte&l ot Uifi%fa‘? nte'cﬁ‘zlmsﬁ"}f %%Ca%s Jegt%%‘ and 122a from

the gob throd e coo g control unit

125 in accor gaRGRt ‘ﬁeéebsa@y td Qt‘ﬁcﬁfa ﬁi@ﬂt reiéakélﬁlhfeﬁh% fRY firdiQlia 2 P¥ad thetdd€ond
figure. [0034] A tenperature control mechani sm (not

i |1 ust rdg €20 inithe presyiodmihgipioach of the first die 121 and second die
122, ang éﬁﬂperatures at the first die 121 and second die 122 is
r et ai nét® fficiently I ower than the glass transition point TG of the

nol ten gl ass t r r i
i ncrease or Tlhg U%E-lemt eéfiglg | ?IQSSt f%{a%%g (%%dﬁ%ﬁde%gg{) p%s @ﬁ%?\fgcﬁée%&%gtbv%tgn as a
the i nraefferendeqnnérepem;tealbetewﬂ @6 €erdtZal poAfontdne thd sisduntfeRnild kdgodoitidg of the

inner circunferential surface 122a of the second die 122. Therefore,
the t errma;nrau@far@mai ourfaee dBamio€ thenfirgt Bigvid 1 aasbo iffegenee dh samparature between

ool g epbedtiBanG i ieh e irton it S8 Tuh hiGptoreial S 1220
is not &%@&%Qﬁd’ dieQ 2§t(¥h%€'ﬁ 2 dfRlrehde§h ?@ﬁ@ir%@%ﬂtﬂé gﬁe@s fo%nfgosru%cg'c%crease

121 and the second die 122 1 n the press orm ng process
at the time of press-forming the gob Gg. Particularly, it is preferable to decrease the difference

in temperature by efficiently discharging heat from the gob G, which is easily confined in the
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central portion of each of inner circunferential surfaces 121a and
122a, to outside. This is because when a difference in tenperature of
the press formng surface during press formng is decreased, the

t enper akntia paltidrnef efht 6RInnPOEdudifendalt RIEDPEIAM €20 tb RAtside. This is
circunferential edge portion of the inner circunferential surface are
al nost beckwpe whgh a diferehegt int tewperainre af thsopressofpramg suhkace duoagrPresefrinalg is
edge partion.o he gab an be sol.idified al nobst at_.the.sa tine.

S noe. AU B P SRR TG Lol BRUBbAS GiF BRECARES PEUSCBUTREA edee
the ci ??[B)Hmnec; at !ilﬁ{er @Q&ﬁnﬁ?&{nttilapﬁrﬁfce GRCalHNRe e 'Jaﬁ%tﬁﬁtﬂﬂ% 'c%{tra? YofifHEand
are alnost identical, an internal strain (in-plane strain) by a

conpr eslx deugiferenisal @ gepditiog of heob I cinbeysfidfied tingst aidfesqpey fimen t o

the central portion of the press form ng surface can be prevented _
from bei ng gE&HEEdhetpmnsratiie of e senfrgf perdion|and sholeameratine i |theapirguynferential

surface,wavi ness.qf .the glass bl ank abtained after.the press,form.n
become s EetuR nf e ihnd FeGRTae il Bt At ghed fopfishl fpBhERR {8l Rlane
tenper ki b?fa ERBpRESSS sk QL Mirdetis b AC hetbifduiFerehi®d e poftidn'® GkaRftral
bl ank using the cooling control unit 125, flatness required for the

gl ass gotistratibe posss fragined swiae sin bapreventad ioevedng gerckratbe incthn torask-formed
portion_and the circunferential edge portion of the gob GG can be .
sol i di f8lasg blanky hBegisatly,syefacqppviasss b the alass blaak ppiingd sadter digpreesgforming
for th ) rate for magnetic disk is 4 1,tm press formng is
perfor%ggk%%fﬁégg%% difference in tenperature between the central
portion and tipgs Chy GatlRipentdiféreRR0R R ekdtircObf tHRCplc8Nrming surface during
circunferential surface is kept at 10C or | ess. Ceneration of the

i n- pl arpeessingafrthofgiash dlakassng fhendoolisg lsestrolpuretl €244, thindse mequired for the glass
difference in tenperat%fe betme%n the central Eortion

d the .
ci r cunfSEPYRLS for MAgREHrl FnPS aehisred. ARd thy pandabprition and gﬁ?ﬁé’fs‘é@fﬁf@lt%ﬁdge
be appr. i r m i t Si e: .
01 o PUAPPRAA Rl SRRARIRRI) U8 Al R S AR
di f f er gpeiciglhst QIREARTLI Ra@ictit A&KAL 836n, peésHiftiehise {sfREPhEd Rhile the difference
difference in tenperature which is the [argest o ifferences in

t enper ab de@pgraiye opfviche teegentel pogion anl thedcisygterential wadize memianapt Bugianer
ortion.as asured .usi.ng a thernocouple at a.point which is l.ocated

D r am FHGRPIHETA SHTOCEAS deB 2 [ Ordriie U BraHPn af TRl Jrein GE tf gss

to the yifikl 468 plebied %rhf%ﬁ'f& &%feﬁé@%%;%eiﬂat&%%t@éerﬁ NS c%gt?&l[ rtion and the

portion and a plurality of circunferential edge portions e | nner

ci r cunfoircemtdrantiab udbagmriien g O&Cpoilhé differerspandémperbtard heaycentappdopriately
position of a glass blank having a dianeter of 75 nmm and upper and

| ower dlstermited agpryrdingdnths Hae ohBsiglass klank (S formed; theprmppailier optheglass, and
circle c%ptered on the aforenentioned point and having a radi us of
about_éﬁ ﬁﬁ? [ 0036] Next, a difference in tenperature between
the first di qieldlmandeibRfcs &f eepdittrel 82 ERYrle rolalifs Wureet fsr #Miféience in
foll ow ng viewpoint according to flatness required for the gl ass

subst r gempéroturermdundt is chellagest of differerSiesn oetegipmssurs tiesweeat the fcantral portion and
magnetic disk of this enbodinment is incorporated while being . .

pi vot al $2§1 SEPHRIFTEHAIFISE PARICRIZ MEALPPhUTRS AHIFATRECAPH Yt POHE Fhi¢h is located 1
expansi oy dﬁ(? ftf‘u% %‘oﬁ?ﬁac@‘otf%&r %ir%ﬂ:r&iﬁ%i( l,?ﬁacg Jf‘%ﬁ@?fe'tﬁ tﬂé ?kﬁi&eh&{ tht Hiftand
final product, e ermal expansi on coefiiclrent of the glass

subst r ajoerefindsragahiof thd sdatrhBpdtiel end@bpyur@sy if ¢hic@sfedniil @fgetddtions of the
spindle. Therefore, the conposition of the glass substrate for
magnet i ionefi osticuindergiaifal gedacsd eigh atpoinh sogéspondiag s theatestrilopositgradta glass blank

di sk h high t ffici t. th | NSi .

Coot 11 dreaihe b Hiaehaer FB 23 86, i hiarr a5 st gnf el s dpgr pesitigns en the

15 Xy osenty f d Aferd et ¥n MY ABreklondBRE! SR Habirk 4 ARER GHiabi 30
mim).

[0036]
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Atime until the gob GG is conpletely confined between the first die
121 and the second die 122 after the gob GG cones into contact with

the inner circunferential surface 121a of the first die 121 or the

i nner ci r cunNexg atdifidresierih agtpetade: Bdtwhdieths deandie d2 B adl e seCondhiié 1 X may
than 0.1 second %gpprOX|nately 0.06 second) in the apparatus 101.

Ther ef b¢ deterrpiged opmate ifellqvangaiewpatnd acenedisg s flainessakquiredi fokths ledgse subptrate
spread anHgd Ee inner circunferential surface 121a of the first

die 12 PBfner circunferential surface 122a of the second die
122 within a@ixﬁétg[a%mﬁétrﬁﬂ%%lt n‘fa%ﬁ@rc Aot A SRk FehiSs %%hﬁ)gat@@%hﬂe being
solidified in thé& formof anorphous glass. In this way, gl ass

bl ank @iviosallyr eippoedl byl hendalie spi‘ndlehlngi@s &idhl thetmdb ekpanyiah ¢corffidiers within a
enbodi ment i s, depending on the size of a desired glass substrate for

magnet hardgfigas 3 @ﬁg@@a rﬁipﬂl%thabé atfingbprogucigibe thernal erpapsieeoctigeggyf the glass

In the_pr f.or m_ng .met.hod. of qd t | ass..bl a

For roa ST ki RSk SRRk Pl My B R B "ty o p . ARRGIRy o bmeies. me
surfac %oﬁagbﬁtz&{ of iR g1h§§§ub§4rﬁe jfgrlnﬁgﬂetfchﬁslt Em@éﬁlfeurs%ueﬁmefh%rgmlsubmte for
surface 122a of the second die 122 are duplicated, and therefore

pr ef er alrggetihdisk lhas adsgh drimtheceshiceatthndbs tlwlme]ae)tpantzon h:eeﬁﬁnwat of the glass
C|rcunferent|al surfacegs of a pair of dies are nadg cogaara

those SPbSiatflor magngjiclisk §uf5’§tef‘§flﬁlef igra Raghet 3¢ <diso 1PR x¢1f éKch§éeferably
necess'n]i ¥ rtagges B'P}a'@c%t l.t)h?o 9b51§<31(? :f greg e 3}%5@%@& Q%%F?Os %I Mre than 80 x

process, i.¢€ r|nd|n and proce ress formng
may be 1@17(I<tri)natm6 thekmat ekﬁ&nsfbh&:obﬁ’lcﬁ‘dﬁﬂ%& vafuet ARuBl@b §sikg AnKlifeak @kpBMion
in the press form ng nethod of this enbodi nent nay be the sum of t
t ar get cotfifickntssyf thé gldse sybsiete Bubsignatie diskrat regpetiucesdifs KOG andi ?d)O"C A

flnaII obt ai ned .and the thickness of the conpre gim stress | a
t hat VRPN £ ?@%}}iﬁ tBRlelessdaa o) bl (K rm?-farthaéyﬁﬁlm K07 is

the gl
1 o o IS B N s
i nner ahd cthef epiedlti Bl itukkate Fdnm @edpsihe dfnnew, Clemperafigs efindlons at the
surface 122a are substantially unifortn in the whol e surfaces, and

are adjctiswatprangetdidhe priaciapl faperef ithe slasnblao grenmsde Ralf@ﬁn {th thegpragssforming

bl ank G f 00 0.001

o ", BHEVELTS 30y iR el Meps R P heeBRE £ R hSPET iR capficient is
from syrdasel ProPeki 8andfe ! heis Bfé%ral%rt%uﬁfz@&&f‘ttélﬁbeéﬁH %ﬁu&#%@ R the
the inner circunferential surface 122a, and is therefore uniformin

t he whaeémepasiufaces the @G0B circumferentiad tserfatehé2ia rogttheiferstl 2ie and zinﬂethe inner
second die 122 are closed, the press unit 120 quickly noves to th
r et r eattBRfE P! sprfagce 4l RE thy sseondndie 1230berowss Stﬂhﬁta@lﬁélhc a@f‘@ﬁcal When

posi ti Qa‘hp&%r P?ntpolea é)ert‘éﬂjnéd 13 QP&R 60tr eraplfesp{) A A h%r%?{gmele a

[ 0040] press uni e Te reaﬁ POSi

the firgfferdh® h2dendRehrbies SpeRMbIFEC 17 2ar € 'IiﬁQMﬂ‘élleﬁ@@ﬂl ‘tﬁ?ﬁ}ﬁératbxl'éels more
glass blank Gis sufficiently cooled (at |east until the glass blank

G has gre¢fermpbr ¥Cunrdedspéspeciallyprefaaldpil T prleshen, the first driving

unit 123 and the.second driving unpit 124. are drjiven to separate the
first die 12 R eS8 JEmBc Q@z’zfeelt s i aéﬁ%ﬁ%ﬁwn@m&frﬁ@%me%ﬂmﬂ
f t

T s SRR A0p 90 SOPARLET phf bolPER)GH RN 418 Rifhner

descri heduabovgial Bu”rfatchﬂzwaﬁthatfhiﬁ ADI21 4ddehé inns# ciebuenfdedhtidndradtel 22a of the
second die 122 are closed within a tine as extrenely short as 0.1
second seedpdutic 0206 Swdosidy of thei dic uhé ahwhickrihg lnass csuimfesmntinlgurface 121a and

| t | to t t f t
ci 1 unitEy BHET HroGUFRauE ToEE (124 HEE FPatiiel & 61 5 POL AR FESARGE L the centrl
the i nngLitioh T4 SheNbhak aﬁ&‘Eérﬁ‘ﬁ? éf%%aototﬁme iR ekl hafice 121a and the

Therefore, the inner circunferenti surface 121a of the first die
inner circumferential surface 122a). The difference in temperature between the dies is

measured when the gob contacts the first die 121 and the second die 122.
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In the exanple illustrated in FIG 4, the substantially spherical gob
GG is fornmed by cutting the flow ng-out nolten glass LG using the
cutting blades 161 and 162. However, when viscosity of the nolten
glass né@¥tial LGis small with respect to a volune of the gob GG to

be cut, the %‘Inass does not becone the substanti allghe;s%her_i cal shape
only by cutt ¥ nigne Hatiihe get Ggliasempietelnrrptingd bgisisen st digrlgbgnd fhe second

such c f i n ie s . I . 1.0043
D e Jadle POy TR I8, O VAR BE e do1g g e
enbodi Fe&tdiefN2 FbSthedinndh@rcalferb@iNsBgacdi 22k Df Wseebcbitl 8126122, is shorter than 0.1
nodi fication. FIG 5 (a) is a viewillustrating the state before the
gob i s seemad, (apiraxinBiglpy.00seeond) avihe lapprsetnadhg Theeefateathe goh Gehis dormidddnto
gob GG cutting unit 160 and a gob form ie 180, .and

' de . .
FIG 5 f%%ﬁug@gaﬁﬁf. G Pt oy Pt e B4R Bs: oA ERT 9| durffcssid Ta of the first

form ng;d e Sq:bl g
no 111"l T2 800 MORlel ARyl Sackaly TRKCof 1€ S1diRbaid 32 uffin ap exgrgmety
press uhot tikidQandsthelz0B € 0¥ 061kd ahd gl idifedih AbkHrh ST atidephb82 glagd Ih figs way,

| unp of the nolten glass LG cut with the cutting unit 160 Is received
by a rdeegkss Baak f@rhpwpaipdt héhosige lof 189 shias biagR G Terared iasthis embodiment is,

illustrated.in FLG .5 ((b), .t nol t | ass LG t hat hecones. the

spher | AP 1 s TASERLE ED P R SR T (oS ogh?g o 200
120 at Qnen sty opening the blocks 181 and 182. Wen falling down
toward the press unit 120, the gob GG becones the spherical shape by
the surff@i8d tension of the nolten glass L. As illustrated in FIG 5
(c), during the fall of the gob GG the spherical gob GGis )
sandwi ched bd® il ireshdompipg methed f thia senboEnencbselenseblagip G i formed in a

D1 k. CharG ' e o AR LR, Ry RRBn R ool B o IR B TR ma me
t o Fl Ginfer CehbumfdRedtAbsiaRan atalst hf keconf e at duﬁliiééﬁhclt, h&d %Péf&&%_referably
unit 160 illustrated in FIG 5 (a) to FIG 5 (c), a noving mechani sm

t hat nobefanbes agdithd smmdthgess b edB @ fitine mnerupstimderantdil sedides of @paia of dies are
downst re%{n di rec&)’k on Ion(% t(%%_ path of the nolten glass LG nay be i
used. FREC gMPgiabicfofhese g aqpired gass swhErats foy spaenetingisly ngdhisicass negessity

Cn Wi : ; i | -1 I Oy .
e ORIk NG b b T LRGPl B ihroces
(C) IS afteVpR¥é forhifima bddithinated! alBatiif) tMbihedknbR TIPS HlanknBEG ¥ in the

the gob formng die 180, and FIG 6 (d) is a viewillustrating the

st at e iptesatipahing heetherbof3bis smbodimsot adythe the ewn dfdhertargetttbickedse of tlee glass
gl ass bl ank . illustrated in FI 6 (a), the recess 1380C
or e Ot R eapets fik s T B SPA g o Begt AE L@ RGeS
out fr 3 : [ ' I :
(b), ROt e oo alrng s e el cbed 1S, | Kb BhERIE i dakknica i
si de ofpréfembiy odiskishiged sheéitianingl atsckin€ssadf (2 edet e Ndtie siffhdeOrouglihess of

this way, the nolten glass LGis cut. Then, as illustrated in FIG 6
(c), tHachpebéhesinngn cisgiunfeptial wrispdrde end dhe mned ereumiberpatiak surfagg. 1222 are
Ther ef or the mol.ten gl ass ret ai ned t he,.bl ocks 181 and . 182 .

fail s qufiebiynBnlr. b 355 el Sufiet el ainoduie? SHnbet off Sudfucpyon
the surbagmeleRs bPthe Yast BRNKR 1sGRe@EB550 6695 ©50.68 LS Mol HRdrRbIF kS

(d), durri nget he fal Ie%ftl)%‘s thé1 gobse%e& tﬁz spheri cal Lgé%{ Gsﬁfis ' 50%01% 0.1
sandwi glmed Pt weéretrbeginesssof the exlds? blakdGtih dugléeosddiréinesulfd@e pperties of the
performthe press formng, therehy preparing the disk-shaped gl ass

bl ank @ne[rmgqnferennal surfgged 212 a(ng)thg et grcmn{eg)ntlalr @rf,chvlgza, and is therefore
illustrati . ification in which, instead of the gob GG a

| unp Oplﬂlg)ffoprgﬁlgﬂlgp |é%§mgcgéss heated by a softening furnace (not
illustrigp®y]) is caused to fall down and the press forming is

performed to the lunp Cp while the lunp Cp is sandw ched from bot h
After the first die 121 and the second die 122 are closed, the press unit 120 quickly

moves to the retreat position, instead the press unit 130 moves to the catch position, and the press
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(a) is aviewillustrating the state before the lunp of the heated
optical glass is formed. FIG 7 (b) is a viewillustrating the state
in which the lunp of the optical glass falls dowmn. FIG 7 (c) is a

vi ew i bhig3$80 pedftenstthepebadetol the gbb . t he press forming is perforned
to the lu of the optical glass to nmake the gl ass blank G As
|IIust{%Hgﬁ in FIG 7 (a), in an apparatus 201, a glass materi al

212 f.th
Do L1 on abordieh T e ift 1A0BVesie i Prigh Resiteth Aenel dip P47 5%, 8 seond
gl ass pateni k%t%ﬁﬂb@gnﬂqﬁ@ gﬁkéﬁmﬂéé 1§ ?&fﬁ@ﬁﬁﬁy E&ﬁed B RaSun@ tﬁe%?ass blank

optical glass to cause the |Unp e optical glass to fall
As i || @b hasabadmperafaréheldw( a)yleldq:roum:g tT‘r&:nf #id fiot drivangl wip 1CD aal th&ﬂeecond
optical glass, the lunp Cp is sandwi ched between the first die 221

and t hErEwgawe léﬂélrezérwdo ﬁ@?wﬁ tha first died & apdheisgepndidie f &pyhe glass blank G
h k-.sha B t die 221
bt nd1B A AR uBDBRRE v 08, AT Sop BORr O ok elodt o BugS® it 120

those @fcel g e J18k biin® ¢ &te AN %econd d| e 122 illustrated in FIG 5,
the descriptions are onltted [ 0046] FIG 8 (a) to FIG 8 (d)

are vi ¢0&tli | lustrating a nodification of the enbodinment of FIG 4. In
this nodification, various fornms of cooling control units 125 are

used, FiG oA i femmaein i frbiiel et sded e 122 o
i gher don v in £ SR AR Mo o S0 fRbnsROR B0 40501 Ml Flaplep goss

cool i ngussedmtialy sufiltmedddy RS dRE @ntdehevifl ﬂﬁUWﬁ@ié&Sﬂﬂh€| inBélg&rcumferential
portions of surfaces opposite to the inner circunferential surface

121a ofsutfne ¥ilpof thi Brsi die BHdandnibe iwhoby oicthe cunel sireyrnfesgntisLisdréece 1222af the

of the secqgn i 2, ectivel Fl G bh) is.a view .

11 Ust PEOERGHS T2 ai B0 R ot G TSP ot L3 heh st i 7 el the

only mSm{eP%lr feEéHtl PQf#cL r1§29$)f tdﬂee e’?b‘ﬁ(f 31%3152203?5%& fo‘g‘aﬂ)ﬁhéﬂ&l 1888 strain is
|1 e an

circu erent sur ace 121a o Irst e 1 nier
ci r cumherdnemdrated if thednide? 2rcarhfdritiab eadivd 141 & ad® the ibkhéd. ciBunEgrential durface
view illustrating a state in which recessed portions extendi ng toward

t he cerg?al %Qﬁﬂtlﬁedhg mgften glass @rfpaﬁ@kméb%ﬁ%hﬁléﬁ bqf@relthmb@at transfers from the

ci rcunter ce t he

ci r cunPE Eee 1St S20a i ecisci 1R o 380 Mo SR GERE fog formed
cool i ngn(ﬁﬁéﬁtg'l%% HéBhrhSs élt%gtantially even” TRERIrS 1h|é0b|§ﬁg ﬁ‘feerﬁoﬂt& Lagsvaﬁahon of
(a) to 8 (c)”in which nolten dglass is generally pressed in tThe center

of eachhd simekagd qeumntyeotht ighlss snatdriat és d2dlh,and 2Balardeostmyers, non/fgemeralted in the
| ocation of the molten glass is shifted fromthe central portion of

each i MHEFIPal facemiethenglpss blagk Gic ddcepibingly.oms hatngsp of e gimenbitrgegofl the

cont b Uiy A28 A FLE By e R TS0y 20 B

dependifBigniOf whthenSippbit die andaloweﬁ%hd | lustrated in Fl G 8 (a) the
second cooling control unit 126 is provided at the central portion of

each of[084¥¢ surfaces opposite to the circunferential surface 121a of
the first di 21 and t i nner, ci.rcynferential surface 122a of he
second di e 13%Megrample g‘fusgﬁtﬁﬁﬂpé%l%ﬁeﬂwt%s%t&ﬁl YntPheder! 58 CE'J‘hll% d by
I's made,0f8 hé'ﬂg{%ﬁ{sg Qe el gg{@s (r)lf‘;l,”l%s@eé Y cuﬁlg@%‘?a{ es 361 ARP§F62. a'ﬂ{&?&ev%& when

the like I8 Use a materi secon coo Ing control unit

126. Byid¢ssitigof the ni@eandass amltédi) [o8tsmall wifl tesgetbto healuntos thagdb i3y to be
the central portions of inner circunferential surfaces 121a and 122a
duri ng ok élg%glﬁ%srdﬁeﬁgoi @ecgmf;éhfamgjvé@ntl@ilsbsnh@m@ shanequghby n@ttms@l@ﬁmolten glass

I t t t ffi
{han ¢ I 01 b g Sipdontr Sictine 45 et fr nSrERr b B
circu ig@@ﬂtlal edge portions of inner circunferential surfaces 121a

and 12 fromthe gob GG is dlscharged to outside through the cooling
FIG 5 (a) to FIG. 5 (c) are views illustrating a modification of the embodiment of FIG. 4.

The gob forming die is used in the modification. FIG. 5 (a) is a view illustrating the state before
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the rear surface of each of first and second dies 121 and 122. In

this case, as conpared to the case in which one cooling control unit
125 is provided, the contact area of the cooling control unit to

out si dehes gsh hemhdy; Fe@s®(h) iaadiéhenehatite AfRAtatk iRRHE@ heGob Gd RNBAde by the
circunferential surfaces 121a and 122a fromthe gob GG can be

ef fi ci entting ugitdéhandegob doroungilidd 80] HEUFID. 5 (c) is a vivexidlnsteabingtiod staik it which
cooling rate of the goh GGwill b escri bed. W the cooling rate

of °t ho bR TEInn BT e GeBiTalg ComkT It 195 and! or
tenperature gQniirel.J¥as RoE! S, WEpaih oP el Sl e1ds | it 120

t enperature %? tlae agob %ﬁd‘ﬁ@?’ng %ar egsﬁ%éfr?&r#eﬁ I%Sg%%sfbjtﬂ{c?ﬂareggsl%ggsuo is closed
transi tiyadospe tht bloblis 181 and 882, and eeduthherfake mbRers Llasd LHEutpyiets fleR@iting unit

difference in .terrgerature i s generated between the surface portion
(bot h dR8 1peweeiveshBy precerel §0§ by dhadeel bR anginkB2t hdhewrsildwstrated in FIG,

portio tra tion,in the thickness.direction) of b, GG
At S AR hlief Rt el hiraigs ERE Y Shant Sn bere AL FR e vgward
gob GGy seedest #o hitheSHhE BF 8pBRhE HRLI0ARY 8l %aqfsg,r eyHeh$hiling down toward
conpressive stress |layers havihg a predeterm ned thickness ar% Porneg
wi t h phiyspresd hnit $10, eigpdie@i bgeamneshibt bpleridglshape by peisurfade ensiog opdle molten
faces (surfaces on the both end sides in the thickness direction) of

t he gl &% hoanidsailpgratedin Bl ss(of.ofringgthp felt 8 she gty B, figysphergal gob Gg is
strengt heni. i r.engt heni nme d, for ex lLe, with ich .
ol nos” PARPLEG Beidsdh BB RN 181 B0 368 srohl AT 8T o6 rellblrd oY iy formine
t enper ahdEwy opithglthe dRRABAURsPBIaRk G 0 a tenperature near the

strain point to forma difference in tenperature between the surface
and t hé0dHjer portion of the glass, and accordingly, a conpressive
stress layer is formed in the surface of the %I ass, and a tensi|

stress | ayer A€magyaiqas ifustated ghElG §da) fRIGR (Ghainghs arparatus wlﬁf—%?ad of
it clnaRinble gty B2 180 AR LI SaFREE] 530, MR rBnisg thagmoves

i s contth@bdtefbrintheati®U80 mPAOEIsGeAR At @Rl ora W sREhr® HirbdtivR alttz the bR of the
tenperature of the gob GG falls to a glass transition point (Tg: for

exanpl $n®m®1a$ rlanmay be wped: atﬁlﬁg6 (@ tmgﬁGCﬁ () are hvéevet Blustrasingpr medifiegtion in
Her e, . "-266 " .
Feduct OHeibUE B0 HHnE SRS - G EHSand PV o] airnBes Hhedinedbs sute

| ayers } tdi - 1.0 :
o oo CPTAL I8 o b BHRES RS O ¥ TR B O TR ThelRh g is made
f or m n®ypheogels formies éie 180arddHICK 6 €d)sis afvidvn dlifstratig the RpKkeidBSMieh e @G is

| ayer forned varies depending on the thickness and thernmal expansion
coef f | cHigetedfo piges fgrmuug te mske fhe PBasshlankvhen a gl ass substrate having

high th | . i ffci i d . th i ck he .
i rst conpr eds THREPRLEINELE (). Bie" sk d50EORRe BB e Bl i segeives
in thi &h@ﬁ%ﬁ%ﬁg} Lg Bo@lmSut BYRShE #dteh g}ﬂsygutﬁok%mh._ eXRAMENRMR in FIG. 6

coefficient, Is as high as that of a netallic spindle having a
hi gh t Hehnithd bloekpdRsiaod 188kt iqoickht molved botonéad, dosanstréeat sideeoft the dlowe 8§ the
of the first con]i?éessive stress layer can be increas

t

d. Th
t enper &0QJF8 Fpsst e apisdeieaEed BEipEadirted W e aloltﬁtggwﬁ%égaﬁ Eulat eTahen, as
i nt | |:S: ted h,. of f. the i .
2P b B 290% 83ch, T DR BT At SR8 F ek e

ci r cunfmiefbicatheShslteaCeaskAZaretdindd gy SRANBEksAISE ahd2 o Aalid8ow RSt 88 Bine, and
the die and at which the inner circunferential surface 121a and the

i nner dhe gobrf(ar benoines thesplarisall Sage fractbe sadhceotenspn (of .the melinightss Le.  As

correspondi ng to_the ntral position_ of the glass blank and central.

poi nt o PRI Bt Gl ciires B 2 OBt b Csptie SHTEn e e sendviched

ci rcuntf [ G . ' - :

ay b o SRELCAT hd i sccond die 123 16 R 09 ph L Soting, M birine
the disk-shaped glass blank G.

[0045]
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Accordingly, in the process of renoving the first conpressive stress
| ayer G, the principal face of the glass blank G after the press
form ng process is subjected to grinding processing (machining) using

a grinding apmaratays FIGIuE) ag depl dnstra@eainoiig hadiiSoatiofan segee istead of
the first conpressive stress layer G is renoved in such a nmanner as

to | eath® gab Ceastlumppar of tthwemetm*al ghgs ﬁln%t@d bhien saficpiizeBunase (nh‘feﬂlﬁlistr%t@d) is

conpressi v a reases IR,
o r Boe cOREASFuE Twn S b pieeS CURERE S p OB wien G0 3ne i CEARERE dm
decr eashfbwidifl AGRTLIIPILS B eAPREL 80 Ptnd D23 BEHACTR 8 ot ifeRing @yerm 7
02 can al so be decreased as the conpressive stress decreases.
Conseqegris hyiew Htusiratiey thalstsd before thy lire of thedgatedepardtgasinforned. FIG 7
gl ass bl ank G can be reduced w t hout EH erform ng anneal ing treatnent.

€

For exébbpsévutw]éiug?r@tﬁmth@stﬁ@smtwmcm mp AhthgloPEeRlskes R1sdever aFIG 7(c) is
2 pai 1 sofor S aiRatnectis M RIS e S0y LAt RAOR Y i B Y5

| ower %%;ma@@g%)assg@gk@ gl ass substrate is held between the upper
surface plate and the | ower surface plate. By noving one or both of

t he upper sudfsdbiestplalt i@ BAd 7t(ap ih eneppsant 20¢, plebse matdrm! ghaaping bheshknism
G and each surface plate are rel atively noved, whereby both sides. of
a pai r 26F comyeys fedpmp L s the ontical gpside amosiien GheyePrgigH220.  As Titustrated

When t r

e, eI T30 TR RSRh Ay SRR b 3oL HRYEBIG oo s
renovi ng cRise GRS fumpt 0F of HPSRRS] ¥assStorfeB sload eNHLdtRtET haHS. 9¢epdatieg the
in the glass blank G decrease. Preferably the thickness of the

first (f&ihpf thedimvp Gtafdbsoptipbela@] thefluemp Grhie Sm@imvhﬂdd)quetbg firgg die 221 and

oL ) B8 PRLE PRt d e, L0088 LENSE BB s i

descr | btlauskind By RUDIAG B Q6P DS NG ARE shhaBln (Bl fioAURl S Gtk fose

scri bi erein, e SCri bl ng neans

COﬂCGntd‘fltICe ﬁﬂsﬂﬁbdel @mmaﬁd die Iaﬂdllmﬁa&tldﬁ FUGI5¢ eetdeb@)ptious hiengittedies
(l'inear scratches, or cutting lines) are provided in the surface of
the gl d48¢4@| ank G with a scriber nmade of a super alloy or dianond

particles in r.t n the d shape shape

Pormed o assTB a0 e R e pRea iRl tobiisRfhd OB pBhaiifiormic
that twR +£Q NS dtion CHirfoud Fornl " ESc RIS % %lﬁi/dl%ﬁs abs Hhensameria, ma? e view
gl ass bllank G scribed into two-concentric-circle shape is partially

heat ed,illastdtiag posthicoin ohichi deectdnd cuoliag d@ntrohunmth%chmrrg; bethamhl &xpansion
portion inside the inside concentric circle are. renoved

di f f er eRegicient higbentn &hal ok shoeradingratrel| vk 4 rmovided hefWﬁf:% cqplipg centrol
donut - Shatgefr&at lgl%%%deﬁu?[ ]f él?c %tﬁ % gns?/gdef Boruons of é%.rgg PS#ﬁPetg the inner

gl ass SUb3t can a alne rmng a C|rc

t he gl agguRlra8kidSiiited 289bLthAMrktldiOI2 1t AR the kher LidQROEreh)] sSARL122a of the
Processing Process (Step 840)

second die 122, respectively. FIG. 8 (b) is a view illustrating a state in which cooling control
units 125 are provided only at the central portions of the surfaces opposite to the inner
circumferential surface 121a of the first die 121 and the inner circuamferential surface 122a of the
second die 122. FIG 8 (c¢) is a view illustrating a state in which recessed portions extending
toward the central portions of the surfaces opposite to the inner circumferential surface 121a of
the first die 121 and the inner circumferential surface 122a of the second die 122 are provided in
cooling control units 125.

A case is illustrated in FIGS. 8 (a) to 8 (¢) in which molten glass is generally pressed in

the center of each inner circumferential surface 121a, 122a; however, when a location of the
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Next, the shape processing process wll be described. The shape
processi ng process includes chanfering processing of the end portion

of the glass substrate (chanfering of outer circunferential end

por t i omoled glasn Brshifteddtorh eiecsthirall potish @feath Gmpr afdugifetehBalSaffadd, R@ations of
process. Chanfering processing is shape processing in which the outer

ci r cuntlerssaendagooking cpaireliwit ednifiGe? (i the grekrsenntel veihd2par Fl8 (), and
the gl gss _subs e af scri bi.n rocess i1s ered between a
princi g};ﬁ ?eé‘ﬁ%jt%ﬂﬁorg &E@ %\Q& 3???%’%‘@5 mgcciﬂtgf’ali‘n% the princi pal
face using adipinarapresiye) dheddond Hﬁ)h‘ﬁ RBAESIAG. PBG FroRied aPhe central
exanple, 40 to 50 degrees w respect to the principal tace.

Her e, tpheiochi afstacic ofrfircesisiaves qpipoeisstol thy efrcurfctantizbshréace tiBéa pf theclipiadie 121
face of the glass substrate in the press form n%égrocess of the step
f

Sie) mﬁnqi dhetiRBerCHITRMEY SRtk SuHtcEsg2p aﬁ&w segomdigtic fl 84 neldetsnior sgamplgewhen the
val | 31%1}C,)g,gcont€'h b E b8 15[ %‘Iaoch hﬂgm%}nrl hah?nfngtgrrr]le%lf?lgd(gqﬁp%? a c%pper eﬁl@;y or

is | ovver reng e pri AT pal

ci rcunfiey B iAhs@ndh PRdib ANHe LB®NINRIInE ichadf &ie mizcs alpe %ng%& Is8dbnd
of the glass substrate can be easily chanféred by performng cutting

from t keolsiglennival Lnipd26.i lowt tantened in tiee pnkmlppabng almneat citduenfoeheal surfaces
ci rcumc erentjal_ enpd portion and.the .inner circunferential end portion

of thelglznad Wﬁé’msﬁ(g@@?ﬂ?g é%ﬁiS@afg?&lﬁﬂ@“if’}dt%E@é‘gﬁélierﬁ‘fC‘Pii%éH’lmg control
Abr asi Ylﬁltqu%' ﬂaﬁr@pﬁ&t BC%mluctlon efﬁc1'é{g 1@1%9 hghqﬁﬁ éfu@@tcro% 13%%Bﬁt%l ISI'HF 125

hape processin roce grin Ccess us

a fi xe@icabfrasifarfeddsbahd c1r¢uinferbﬂn@1r¢dgdlpaﬁld@1@ @@‘e@ﬁer cirl&ﬂnﬁfédﬁﬁl ﬂﬁfaoés’ima and
of the glass substrate after the shape processing process is

subj ectléde fremgh¢ geh fig ipdisclesaridrtg opfsetsHivmiugly heuwiohng eorgrol puiit ﬂn@S In this way,

appar at u n the sane nan nth novi n ocess of t
3007 BrdhErEar T RETSHG Sig R du R e O ath T OO VR ER g 1a and

exanpl §97$8VEL re@fﬁﬁﬂiﬁgtc%ﬁﬁe?é& ghout 100 mcroneters so that the
first conpressive stres ayer or med in the press form ng process of

the step Sl OWh‘ienI @k tcooling contrdinuiifdel A3r ﬁﬁSprf)ﬁﬂﬁ nglypitoibe sen@dl pdttisns of the
enbodi nent, a glass bl ank havi ng extremnel gh flatness can be

pr epar SWfaces @PPOFie & Biner @lrvémgﬁremﬁl ﬁgrfmeédéb%anﬁaw%@s dhstreted in BKS. §r(b), heat

th di

gr ?nglr Ir?g fgb‘%aﬁ?‘a Ce%ﬁ?% Roﬁg ni? éfg‘ég%ﬁ t@ﬁ Sélgﬁ ﬁg adﬂLA %n@mng press
proces ?or?tﬂgg digdndPeldo LARRR t%'h?i@ ’cﬁéecogﬁﬁg Bontrc{l @RR4bs(fin t'k:rﬁgsﬁay, a difference
Pol i shing Process (Step S60) Nex edge polishing of the gl ass

subst r a eerapdratnret diethgrintedongf padces ks cipami foramtel. surfaces 12 lanareldi#a during
polishing, the inner circunferential end face and ou
ci r cunfPEFSe fRIPUNeg ewPerradeccds T Re sesrad sodlipgSOptEplangly 1@%@1 Recprewided in place of

mrror tﬁ“&og%%ﬁpéﬁéﬂz%ﬁmgsby brush polishing. At this point, slurry
that inc e PNe partiel es such as cerium oxide as the | oose

abrasi ve graiparthé, Wh@ﬁi 2 1B¥eREd bORivhN&t@daR PMat® fiengntraN pbiiBal JFBE kurface
such as contami nation by deposition of dust or the |like, danage or a

flaw i ©ppbditei toataell ofvihesretiycuodengntia rrvefacds bzltahmdnhnaasgﬂwm;zd amdhe coohng
gg??glsfclgﬁ ?@g{ﬁnlbgggragi;‘gﬁ%g%euﬂrbggé? § (!:)u r‘rf_lé’;l ?gcegsgg golrtlggn \Anglycge rgggieg us1ng, for
example, a liquid, a gas or the like having a cooling effect. In this case, the central portions of
inner circumferential surfaces 121a and 122a are rapidly cooled, whereby a difference in
temperature of the interior of each of inner circumferential surfaces 121a and 122a during press
forming can be reduced. The cooling control unit 125 may be formed so that the central portion
of the surface opposite to each of inner circumferential surfaces 121a and 122a can be directly

cooled using, for example, a liquid, a gas or the like having a cooling effect.

As illustrated in FIG. 8 (d), a plurality of cooling control units 125 may be provided on
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(g) First Polishing Process (Step S70) Next, the principal

face of the glass substrate after the edge polishing process is
subjected to first polishing. For exanple, first polishing has the
machi nithegreat $wieaof eadh ebfret antl debond dieS02 Rand E22. stinphik icade, g cor@pared to the
intended to renove the flaw left on the principal face after the

gri ndi §&5eUEIWch vae £roleg wmirakngis 147 a5 provided, e caniacarga phehe cooling control
m cr o- f | .1 Larit nm_gr.0- Wavi ne a r hness). In t

first SlE Rl 3 dlbden il ALt BER R O PRESSlsarriBi i surtaces
sol uti qnid snd EXbalfoni theol QDM R GBIROdIdMRALAtYSuBRYI Ny a structure
simlar to that of the apparatus used i'n the grinding process. A

pol i shil¢@¥#7agent contained in the polishing solution is, for exanple,

a cerium oxi abr asi_ve grai or a zjrconia_abrasive grain.

_ : 0054 ,
In the firstsdhiceRrPighoceding peplehamo) Gomild e sgsideder Pré’ée]ﬁ‘??hng

as to e fi:.0. I S

o o o DAY WS UPRIRET ) ol b SRR le ey cono
the gl assh&lifislovat £perWiesf thfe angll Me tdidnbtuieSofihd ghbTGRIdulifg resk H&ming falls
surface roughness and the m cro-wavi ness can be sufficiently reduced

by adj &t ggspiraeseisen neint dhgh fioong tempetabirs et dlird stau| dfs picsingyr o dfbsence in
described | ater, and therefore the fi.rst palishing ocess can_be .

oLt edemA T i SOGebrRcebYerm e iebtsk cadfib gD eRiper eRey ny e ickness
cal cul - HRUGA - i of .. . m
h o SR R RO bron LR Iy ML e et Ao B s

face, alnsltioensivmkagasithe gobGd@sodisted exrgobing dtielzod Z24pratyieé actht kedace
by Pol ytec Inc. The surface roughness is represented by an
ari t hmPertionpsad theghhndyst rempressiviediress 13yss BosdE: 2 quadetaphinedothickness are

o s RR S R hit £P R R e A A AP g Tt Sfaces on the
def i negoient SdBOG3Hie2@RknetNBRCHSS sOHSNNRSDlhk B! &8 ﬁjr&s@afﬂngin%gg‘ocess.

gm and no nore than 200 gm When as a result, the roughness is O.

gm or |Hess, pHysicabx ahphgherfie is auglengtheniagmdibodyefas exeelplsl tithawhich glass is
scanning,grobe m croscope (atom c force m croscope) nanoscope ] )
manuf adtRiFEEOBlpd Ve At Hass tempaate rduces e arderpreratareahoye dip anpealing point
met hod i i [ S. R : L n [ a i.cat.ion, ..an

et ¢kt eS8 b SRR o € £l e RREE ST BPR S R0 13 Yyrgepma

pi xel s thdinAer s SMREEladd, @Ad 8écoldififly)Xa JontPTekttéat8ssOaer REfod$8d in the surface
[ 0055] %h)ChenicaIIy S%rengthening rocess (Step SSO)jﬂe Next ,

t he domtitheghagyeahdgl tassilestrbsstlayer és @imed int the irfrier portipnbf Sieighayspr ocess i s
chem cal ly strengthened. For exanpl.e, a m_xed sol utjon of

pot assi um ni Pﬁ?’%ntp&%% aglas ﬁwﬁéﬁwng& IRTIRT S 7arramang o, Bipkiess gho-P mm
or the:li c i .call r i.n | At do

O 1 ASYRSRCIE MRS AU b SRS BRI over
sol ut i @eribd ofiemte dntilotheftempersaui® o€, thS QO G fARBOG, a alasashasitioh @smt (Tg: for

substrate is freheated to, for exanple, 200C to 300C, and the gl ass
subst r gkemple Y098@) doppedemperttnee ChéaECE) lay thet ster gif wesising. s dlecs, ifonexample,

for, f le,..1 to 4 . That js, in this enbodinment, the .
chen oot SRR el bEba o meoryid BhetPh s gead Byt C! 1 ths case
t enper a4 SrdpYR8ivE Qﬂes,%%&{&fé;lgag/tn{r%% gl?‘ﬂ%less of 100 WADEMY Gd‘@ﬁgﬁ?l Rl RE oA Sdes

is dipped inthe chem ca ni ng solution, iumion

and t hefsodaiurfi mincipal tfhes safr fhacgladsaylenk aftet e gteas Sormibg tpradess. arl¢ere, the
repl aced, respectively, by the sodiumion and the potassiumion which
have r éngkneseiod the, figd compressiye siess lapen fameh aarienfenendngedy theethidkgess and

sol uti . Lue stress laver .(second, conpressi,ve. .
atr oss MR etdiibiol ORI R SheriBatry er TRGT SRR fiFing o high
sur f ac ghdrAYE Expi@kioh QBeffictRl @D Yorfll Mt RRIhAY dfMBe GrdSonilsiealRss e is
magni t ude of a conpressive stress generated in the second conpressive
increased. As described previously, in this embodiment, a glass substrate having a thermal

expansion coefficient, which is as high as that of a metallic spindle having a high thermal
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The second conpressive stress |layer G3 will be described with

reference to FIG 9 (c¢). FIG 9 (c) is aviewillustrating a state of

a pressure stress layer of the glass substrate after the chemcally

st r engteRpaisiog qEeficens.is fgmict) soshatghe thickmessl &b th@fifst pommrsditrestrgsalyer can be
substrate (illustrated by synbol G after the chemcally

st r engtiPEFASEY process, the second corrpr essive stress |layer G3 having

a predeterm e f . .
pri nci pal fagggéfggg&ﬁﬂﬂﬁﬁh gﬁggG a@%gé%%&%ﬁls zgﬁﬁgggpaﬁﬁ%ﬂgyPﬁﬁwgmh

t hi ckngsmcdidd 1 Hidtfrdnd eadhl 6 thé fr6ht RORRTEASSINME GicuBFsrentlA¥@T2RY 20 Q6B first
wi th physically strengthening, and the second conpressive stress

| ayer 6l {2 amdtheiinter chewrntezdnitipl srfage d2leeal thg segond|dzg HZZt t@ tho énsidepof the die
each oth r i@@chnlht‘g gl ass.substrate after .the em cal |. en thentj
procesém j R e cgFumfrzeniia 6‘??5“80%%?@9 itRFeINE T @ nﬁéﬁ% @aripge122a
smal | er. f i

tho. pr 4 S IRE (% 4 Bl LG eﬁsﬁﬁégﬂ%ﬁ%ﬁ%.ﬁ%’ﬁ{éﬁ*ﬁ AR ol
conpr eginteotthe @gsr giecrwﬁfaie@daﬂ sOrfadiel Hacad theoan@ ceomieersial a&&cb agey),

03 is alnost equal to the magnitude of a conpressive stress (10 to 50
Kg/ m2) generlaeewoling trife #f st setoikfr a¥yi be appropsafelyagantrodied acpondhigsto the
case, the thi.ckn f co l.ayer i ncluding the

first &8%?%@3?9@%1&%& cf%éggﬁfﬁlfr%asf%k“ggﬁ%ﬁ ﬁé)ressi ve stress

| ayer 6Ggpodgg T2, and the magnitude of a conpressive stress generated

in the corrpressive stress layer is 10 to 100 Kg/m®? That is, a
conpressi ve by essPrayaroffRemiovingel it Copmprdssivk Besss laaydr (Stdép $20)
conpressive stress can be fornmed on the glass substrate as conpared

to a case i nMN&Hb @Heraﬁwg@rf@e@ﬁrm@wée P@rffgmeééma&%ky\f@ngmg@se fig{ gqmygrgssive

and the, s nd -co St.r

chem caTEy 1007 ST Re i Erd Ha B Tk U brel R e e o T ey phrefroving
per f or nRAf{KE LRE @ssh\!regsﬁreﬁﬁﬁp&*\ﬁﬂlbﬁeedésmdlvﬂﬂl %@@@g@ FIgthogIGan $a) is a view
deal kal i zati on rret hod, a surface crystallization nethod or the [ike

i n pl acBusfatingea $tate afet&tpeuoaipmselwt)spess byerxcthengessnialiodi bEDOS@le removing
(i) Second Pol i shi n Process (f Next, the gl ass

subst r eoes 1 dHCCHAA éf [Evs ‘EH‘@F%H@F@G of &%WPI&S%%%@% @yt ¢ the glass
second i [

al | owar??%h( Q%%ptqeﬁ%&%wlgﬁ#éee%gpg% ca? F?é Pc?’n X&g 10? “gﬁ‘é@ p%‘gged m
pm  \WhaRe tHeenibABstiRhFBedhf pme@mes@b%mtb@r t han that range, surface
roughness may not be sufficiently reduced. Wen the nmachining

al | owance i s Agridasteated indfGr héa), fisshgempeades givap &ymyl bbadege ldeidhess T1 are
(roll- tc al i shi.ng is.intended. at rror surface .
bol | shitRGHSEOF FRGH el s Py BEATOHRASEEDEE B Seh Bk § c?rﬁ%k*mﬂeas fofming
t he pol g shi i §

poi nt ﬂrﬁ%%ﬁec%ﬁﬁﬁ%iﬁ?tﬁifh?*%‘f;@ﬁ%%ﬁ%r;“}%n?h? el oF fupflestel By e fis
f ol | owicogppssivt Stredshiayéd Gd thmdhasaseen qdrev16ms23e f@fneﬁhecbmmraly[ aaewﬁe stress
grain, and hardness of the resin polisher For exanpl e, the

sl ur ry layer (Rehavifto? Hreﬁptﬁ@n@ad fhielness @J@ﬁn@smébq: Blepilpnks G | aat 18 in the glass
(particle,skze: di anet

b s ARG ot et RS i GringtRg M By o800 i §08S im e
gl ass subAbratR lager@shed é’ﬂeﬁ‘&ﬂecﬁa&@kﬂ thel thiRERE AKBEHonPSK tﬁe%@'blanh{% The
or the Iitke to obtain a gigass substrate for nagnetic disk. th

second mpaynitstié of tipr covgsssiGosEse generated tin élss fikhyromprdsbive stress layer Gi varies
conpressive stress Iayer G . and second conpressive stress |ayer G3)

f or med V9 S magnigrdenph fe Pugknpstcels ther fifsh SORPESS VS FHE I&F@f St edhgtnis, the

cherm o3l bt ERLATNL DACPLORETHARLE, BRI B SIUNAL 1o CPRISRYSALLY: The

a sur acelrreuarl I NCI

gl ass sulsikrabR Ladtaled i tlfett&%ﬂe |sﬁ‘9§sQM§%§5 GZZ&H&&&&J&@ é@ﬁl@rcﬁm'p}es!sﬁe stress increases.
preferred to performthe second polishing process. By performng the
In this case, the glass blank may be ruptured due to an internal strain by a stress when the glass

blank is formed into a donut shape in the scribing process described later.
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As descri bed above, the nethod for manufacturing a glass blank for
magnetic disk in this enbodi nent includes a press form ng process of
press-formng a lunp of nolten glass using a pair of dies. Therefore,
when t he surRacedinglighneks ppdcebhef iremevingithe diftecoanpreatves sttdsaidgger afi1,athe
pair of dies is set at a good |evel (e.g. surface roughness required
for therigrinalstase of ithe etass Slankagnafiar dhelipstsp  forrniag Supecse és sehieterk §s sopding

the gl ass blanﬁ cqﬁ be keFt at a %3od | evel beqq?se tﬁ@ s¥rface hani

r oughn&5E°H1& pef FRB) P8R SFBAPE afPRAFPSJBTRFNE g Rfpist) geal mechanism.
dupl i c@logbqliently? B fiRe cSHplaGee §RUONRLSE10E réhisvAl iRScPh dMned 4k foNBave at
press formng process, the cooling rate of the nolten glass being

pr essedkastay plve tleosutly @l thedths shichadss bhgef fisistongoapinessicyelagérr @b dedrayses, and

is formed on each of a_pair of principal faces of a glass blank that
i s predicreferenthy. coppresraye strere aneiadaln thes fipsh fGPREFTRING SHiceT st (faly ce be

perf or g@&f;ls%. f?ﬁmep%et Q&ﬁg%@&& RGeSl ﬁi% n‘;%?ﬁ alifsé b%%‘é%gsed as
on each of a pair of princCipal faces of a glass substrate formne

usi ng lecahpesik anks dbdreises. NeC s fenflQr thE NEtePAP§OAS by HhE sBbASEenerated in
substrate thus obtained includes a conpressive stress [ayer forned

Wi th ciienglessiblanksd caniye tedneadgyithad perfaonng eswhlng statwes. | ayer f or ned

wi th physically strengthenipg,, and the conpressive stress |ayers

over | ap each!\“e*ty HemPlertament B‘?Safg% maghigineallevrace ofrsey el la}qrfﬁeﬁﬁ%ﬂto about
faces g Lye 1 ay i I i i

conpr el JIREFRILL® ThE BARHE bR il FRHF f UHELRRF IR RellkBrases
subst r glippef enrfigrgsiek] Rddbeksr havicodlacpahdel gads fudetate iBeld thetn@h thefupper
whi ch is further enhanced, is obtained as conpared to a case in mhicﬁ
onl y aseneeindait pyd Srerldewer Welaraplairet fodmpeing eaeor both of the uppestysiareiplste and

noted th an exanmpl e of physi |y sirengtheni has been. di scussed

"o the U uB e TERE U e SIS WP AR B HEF L B gR {GngBEp L Whercby
Cont_r0*bb&,dsiaﬂéérdf!aq)aﬁro@gﬁn&aal%éw ol hel MELERAREELBS L¥RngL F €SS | ayers in

a pair of principal faces of a glass blank; however, physically

st rengt heni nfvhes thetfirsti dohipeeksive strhatlapetGibal reandednyitiDith diickietshiogdmes T2
may be applied. [0058] Here, a cpnﬁressive stress val ue of the ]
conpr es@g vel I9t asadustragdaip Fgr i), infhe rranqyingsrocyssrthe pempiesdesyresngndyignsile
equal tp. Qr elngsts;‘3 t.hglrég%?stoé%f(%égérg%ethat does not cause breaks in

the scriBi rgg 6?08&\% . 2 " edS°VEPtie that does not cause breaks in
the scribing P%’f&%ﬁ@sthgﬁﬂicﬁﬁeﬁcﬂﬂhet@s@éorﬁ&ﬁ%@i&é"ﬁ&s@-lﬁek@l‘ HF& WReRmoving
measured wi th Babi net conpensati on net hod. Inthis case,

machi nipngpesd is odvatica bebreca agianglferipeipalciapasl face with grinding in the
process _of renmoving first conpressive stress |layer may be preferably
equal {898 nore than 3% of thickness of the glass blank G since a

portion of t?@rggégﬁ§§§§9ﬂﬁ£§ﬁ§%¥%g5 ress value of the first

conpressi ve nci pal face needs to be renoved. For
exanpl e, nachient, fige fkibwai6eest 04ill Be Sedegbed. prinngd mﬂbiﬁgq&@cmxh@glass blank G
preferably equal to or nore than 30 pmfor 1 mmof thickness of a
gl ass b subkectqbuptsbingt he maxi num val ue of machining al |l owance with
grinding for ,a sin Ie.lgr{lnci al face |s ghe sane .vadiue as thickness

61(61 d

of the stress™ e ¢ Scrs By ther BKY SPICRLISUNT 45 CapRiFiE e outside
machi ni i Gl . i a Achi nj f
R R A R R B AR

| ess t hpdass bOMKaE with & kodlss neddetdfen gipas alldyt anBiation& partekadnnlogder to obtain the
machi ni ng al |l owance for a single principal face may be preferably .
equal tdenet-shape {ringrabered @f phe flormad gsoblai Gk hedns ¢f pedefieasiged|saek. It is

Furt her e al .amount (machj.ni al | owance r unit.ti W t,h

o na iePERY KL RGeSl PeConkiBRaS] PR Heyinié o Bs brank o

J_arﬂ M Reribddeings @»bb-)éonéeﬁﬂﬁVcﬁl'CI@%@ti§ ﬂaﬁ&@lyﬁ%&’%\ﬁ%n@'!%ﬁﬂi&m BElsidéNhE outside

tinme) of both of a pair of principal faces of a glass blank are the
concentric circle and a portion inside the inside concentric circle are removed by a difference in

thermal expansion of the glass blank G.  In this way, a donut-shaped glass substrate is obtained.
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The gl ass substrate for magnetic disk is prepared through the

processes described above. A magnetic disk is obtained in the

foll ow ng manner using the above-described gl ass substrate for

magneti ¢ di sl donut-shaped assBgiineiateccati S0 basbtafned bexfarming, a éircular hole in the
configuration in which on the Pri nci pal face of the glass substrate,

at | eaglasahlaglpeing gsorejdlor thalikhder | yi ng 1 ayer, a magnetic |ayer
(nagnei'g‘%ogecordi ng |ayer), a protective |ayer and a |ubricant |ayer
are st ed in this order fromthe side <closest to the principal

face. (BOr  expiRIRocckiiBg PHRE{S (Bl 9;4@# ntroduced into an

evacuat ed deposition apparatus, and the adhesive |ayer, the

under | yi ng | &iegr, thaehdapheromgnet ipoodessywill be deseipadnt Tiad $haped epossdieg progess
an Ar atnosphere by a DC nmagnetron sputtering nmethod. For exanple

O Ti  magelpiss daafering mecessing fvae pag eprtiogf e elask sudtategchpmipaipepd outer

d as. Lyi . F lLe.. - | v b
gt R N L R RS g T
al | oy Ilehein®erin prbBesoingals @Bape! fr€dstihe imhidethdeRes| diRdmi@edtRi Bhd portion and

magnetic | ayer for heat assisted nagnetic recording. After the

deposi timen cdewofardgtidl abbpettiond the glass substrateafier thessadibpasproeess us clrgnfered
C2H4 by, for exanple,_.a CVD nethod, and subsequentl itridin )

(7 eat mERYYGRE HERFOPHACE 419 4t FOUNEY PRTEPE ERETGoTAe 1 i BRFiPAHareyne @
a magnetJ J nedi d f 3!
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met hod. [Exag)l es] [0061] _ The present invention wll be
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et 0B S S 5 s
as to q&%@édrbrgthglsﬁﬁsm%lﬂlenﬁ hﬁhér@ﬂolré?‘édn@gtrfe%@ilréﬁémtd% sid0allipsBishr! i@ lower

obtain a mxed raw materital. This raw material Was put in a nelting
vessel thdreédtcestrengthl bdhe ptiacipdli fade,athd @itérr ciemniforeptigparde partion and the inner
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[0051]

(e) Grinding Process using Fixed Abrasive Grain (Step S50)

Next, the glass substrate after the shape processing process may be subjected to a
grinding process using a fixed abrasive grain. In the grinding process, the principal face of the
glass substrate after the shape processing process is subjected to grinding processing (machining)
using a grinding apparatus in the same manner as in the removing process of the step S20.
Preferably the grinding has the machining allowance of, for example, several micrometers to
about 100 micrometers so that the first compressive stress layer formed in the press forming
process of the step S10 is left.

In the press forming process of this embodiment, a glass blank having extremely high
flatness can be prepared, and therefore the grinding process may be omitted. Before the
grinding process, a lapping process may be performed using a grinding apparatus similar to the

apparatus used in the grinding process and an alumina loose abrasive grain.
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Anor phous al um nosilicate glass having a conposition including 50 to
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unti | tsbﬁnnbﬁli@@dr%khhhﬁleoi cdriifn Hﬁhé @braGiv @ SfidtBt @flt@maréwars%dgfxa@. a gl ass
transition point (Tg: SOOC) froma tenperature (1300C) at the start

of pred80did. This cooling rate is determ ned by neasuring a
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front face 0% egrﬁhhfg}sgﬁﬁgrﬂfﬁ?ﬁ%rFEﬁfthaQYmB‘E}%SP%éS rriemeddiogst!s hepea surface

i nsi de QELﬁ}ﬁ'l (;ﬁaﬁ.ofad?ffl nfbf lf'ésﬁlea'rﬂgb ﬂ'f&gtv!reRnr%f s ?Mivgs s %B?ﬁ'&? HO the
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manufactured by Polytec Inc.

The surface roughness is represented by an arithmetic mean roughness Ra defined in JIS
B0601:2001 and, for example, can be measured with roughness measuring machine SV-3100
manufactured by Mitutoyo Corporation and calculated by a method defined in JIS B0633:2001
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Chem cal |y strengthening process: a m xed solution of potassium
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peri od SBFERMEdunti | t he terrperature of the nolten glass materi al
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(1300C) at the start pressi ng process.

gl ass gubst batveiyal dramuflalcd uairetueumemgastm:h@ha:‘aﬂy Bkranghenthe sgh@iss. In the
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contr oﬁﬁggf ?Oo%uzgﬁ a%\fg}’sn&‘t%’érﬂr%k&a t?’l R %Qé fo EO(W%S and the
tenmper gk ‘é‘u&ftraﬁehi‘% tHQl E]%gecg P8R IR suehan L QuBorBFRSfor examp le, I to 4
transi th on point 5 ) froma tenperature (1300C) at the st ri

of predwiursg duaid mgmttha quitesidmérdy thie rberpicalte stengheglmsgosdsh 3¢ pat@medsising a
manuf actured using the gl ass bl ank. The gl ass substrate was subjected
to a CH%%thrW§‘%ﬁ&%h%eﬁ?%S [ 0065] [Eval uation of Exanpl es

and Conpar at 'Vyl?enl;ﬁ%@rrpasg G)lbsEa % di é? OS S%gﬂ;)lf gt?en%&he%m% s%iu%on the lithium

substrate for magne
ion and the sodium ion in the surface layer of the glass substrate are replaced, respectively, by

the sodium ion and the potassium ion which have relatively large ion radiuses in the chemically
strengthening solution, so that a compressive stress layer (second compressive stress layer G3) is
formed with chemically strengthening on the surface layer portion, thereby strengthening the
glass substrate. The magnitude of a compressive stress generated in the second compressive
stress layer G3 is, for example, 10 to 50 Kg/mm’. The glass substrate subjected to the
chemically strengthening treatment is washed. For example, the glass substrate is washed with
sulfuric acid, and then washed with pure water or the like.

The second compressive stress layer G3 will be described with reference to FIG. 9 (c).
FIG. 9 (c) is a view illustrating a state of a pressure stress layer of the glass substrate after the
chemically strengthening process. As illustrated in FIG. 9 (c), on the glass substrate (illustrated
by symbol G) after the chemically strengthening process, the second compressive stress layer G3
having a predetermined thickness (e.g. 10 to 100 pm) is formed on the principal face side of the

first compressive stress layer G1 having a thickness T2. That is, the first compressive stress
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t hi ckness of the conpressive stress |ayer was neasured with a

pol ari zati on m croscope. Further, transverse rupture strength

of the glass substrate for magnetic di sk was neasured. The transverse
rupt ur gayst GENGirmedagitinphgsicAly stenpihehingn s tisesacopd utnmpmssiemgtrbss layer G3
tester (Shimdzu Autograph DDS-20003 SpeC|f|caIIy, ten
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rate Chem cally strengthening xi mum of t'hi ckness of
of the step S10. The magnitude of a compressive stress generated in the second compressive

stress layer G3 is almost equal to the magnitude of a compressive stress (10 to 50 Kg/mm?)
generated in the first compressive stress layer G1.  In this case, the thickness of the compressive
stress layer including the first compressive stress layer G1 and the second compressive stress
layer G3 is T2, and the magnitude of a compressive stress generated in the compressive stress
layer is 10 to 100 Kg/mm?®. That is, a compressive stress layer having a large thickness and a
high compressive stress can be formed on the glass substrate as compared to a case in which only
one of the first compressive stress layer G1 and the second compressive stress layer G3 is
formed.

In the chemically strengthening process, chemically strengthening may be performed
using a high temperature-type ion exchange method, a dealkalization method, a surface
crystallization method or the like in place of the low temperature-type ion exchange method.
[0056]

(1) Second Polishing Process (Step S90)

Next, the glass substrate after chemically strengthening process is subjected to second
polishing. Second polishing may preferably have the machining allowance of about 1 pm,
more specifically in the range of 0.5 to 2 pm.  When the machining allowance is smaller than
that range, surface roughness may not be sufficiently reduced. When the machining allowance
is greater than that range, edge shape may be degraded (roll-off, etc.). Second polishing is
intended at the mirror surface polishing of the principal face. In second polishing, for example,
the polishing apparatus used in first polishing is used. At this point, the second polishing
differs from the first polishing in the following points: the kind and particle size of the loose
abrasive grain, and hardness of the resin polisher.

For example, the slurry of the turbid fine particles such as colloidal silica (particle size:
diameter of about 10 to 50 nm) is used as the loose abrasive grain used in the second polishing,

The polished glass substrate is washed with a neutral detergent, pure water, IPA or the
like to obtain a glass substrate for magnetic disk.

In the second polishing process, compressive stress layers (first compressive stress layer
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conpressive stress | ayer Conpressive stress value of conpressive
stress layer Transverse rupture strength process

Gl and second compressive stress layer G3) formed on a pair of principal faces of the glass
substrate after the chemically strengthening process are partially removed. Consequently, the
level of a surface irregularity of the principal face of the glass substrate can be further improved,
and therefore it is preferred to perform the second polishing process. By performing the second
polishing process, the principal face can be made to have roughness (Ra) of 0.15 nm or less, or
more preferably 0.1 nm or less, and a micro-waviness (MW-Rq) of 0.3 nm or less, or more
preferably 0.1 nm or less.

[0057]

As described above, the method for manufacturing a glass blank for magnetic disk in
this embodiment includes a press forming process of press-forming a lump of molten glass using
a pair of dies. Therefore, when the surface roughness of the inner circumferential surfaces of a
pair of dies is set at a good level (e.g. surface roughness required for the glass substrate for
magnetic disk), the surface roughness of the glass blank can be kept at a good level because the
surface roughness of the inner circumferential surface of the die is duplicated to form the surface
roughness of the glass blank. In the press forming process, the cooling rate of the molten glass
being pressed may be controlled so that the first compressive stress layer is formed on each of a
pair of principal faces of a glass blank that is press formed. Further, the chemically
strengthening process may be performed for forming the second compressive stress layer is
formed on each of a pair of principal faces of a glass substrate formed using the glass blank after
the press forming process. The glass substrate thus obtained includes a compressive stress layer
formed with chemically strengthening, and a compressive stress layer formed with physically
strengthening, and the compressive stress layers overlap each other. Then, the glass substrate
has on the principal faces a compressive stress layer having a large thickness and a high
compressive stress. Accordingly, in this embodiment, a glass substrate for magnetic disk
having a principal face, the strength of which is further enhanced, is obtained as compared to a
case in which only a chemically strengthening method is used.

It should be noted that an example of physically strengthening has been discussed in the
present embodiment in which a cooling rate of the gob is controlied during press forming to form
compressive stress layers in a pair of principal faces of a glass blank; however, physically
strengthening is not limited to that method, and any other methods may be applied.

[0058]

Here, a compressive stress value of the compressive stress layer formed in the press
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Conparative Exanple 1 -30C second Perforned 70 um 25 kg/ m®2 230 N
Conparative Exanple 2 -266C second

forming process may be equal to or less than a stress value that does not cause breaks in the
scribing process. The stress value that does not cause breaks in the scribing process may be
equal to or less than 0.4 kgf/mm® when measured with Babinet compensation method.

In this case, machining allowance for a single principal face with grinding in the process
of removing first compressive stress layer may be preferably equal to or more than 3% of
thickness of the glass blank G, since a portion of the maximum compressive stress value of the
first compressive stress layer in a principal face needs to be removed. For example, machining
allowance for a single principal face may be preferably equal to or more than 30 pm for 1 mm of
thickness of a glass blank. Further, the maximum value of machining allowance with grinding
for a single principal face is the same value as thickness of the stress layer (100 to 300 pm).
From an aspect for enhancing machining efficiency, the maximum value of machining allowance
with grinding for a single principal face may be preferably equal to or less than 10% of thickness
of the glass blank G. For example, machining allowance for a single principal face may be
preferably equal to or less than 100 um for 1 mm of thickness of a glass blank.

Further, removal amount (machining allowance) per unit time with grinding for a single
principal face may be preferably 3 to 8 pwm/min. Preferably, removal amounts (and removal
amounts per unit time) of both of a pair of principal faces of a glass blank are the same in order
to suppress warp after the grinding,

[0059]

As described above, when a compressive stress value of the compressive stress layer
formed in the press forming process is equal to or less than a stress value that does not cause
breaks in the scribing process, a glass substrate for magnetic disk having a principal face, the
strength of which is further enhanced, can be obtained as compared to a case in which only a
chemically strengthening method is used, while allowing to improve machinability.

[0060]

[Magnetic disk]

The glass substrate for magnetic disk is prepared through the processes described above.
A magnetic disk is obtained in the following manner using the above-described glass substrate
for magnetic disk.

The magnetic disk has, for example, a configuration in which on the principal face of
the glass substrate, at least an adhesive layer, an underlying layer, a magnetic layer (magnetic

recording layer), a protective layer and a lubricant layer are stacked in this order from the side
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closest to the principal face.

For example, the substrate is introduced into an evacuated deposition apparatus, and the
adhesive layer, the underlying layer and the magnetic layer are sequentially deposited in an Ar
atmosphere by a DC magnetron sputtering method. For example CrTi may be used as the
adhesive layer, and for example CrRu may be used as the underlying layer. For example a
CoPt-based alloy may be used as the magnetic layer. Also, a CoPt-based alloy or FePt-based
alloy having a Ly ordered structure may be deposited to form a magnetic layer for heat assisted
magnetic recording. After the deposition described above, the protective layer is deposited
using C,H,4 by, for example, a CVD method, and subsequently nitriding treatment is performed
to introduce nitrogen to the surface, whereby a magnetic recording medium can be formed.
Thereafter, the lubricant layer can be formed by applying, for example, PFPE
(perfluoropolyether) onto the protective layer by a dip coating method.

[Examples)
[0061]

The present invention will be further described below by way of Examples. However,
the present invention is not limited to aspects described in Examples.
[0062]

) Preparation of Molten Glass

Raw materials were weighed so as to obtain a glass having the following composition,
and mixed to obtain a mixed raw material. This raw material was put in a melting vessel,
heated, melted, clarified and stirred to prepare a homogeneous molten glass free from a foam and
an unmelted substance. A foam and an unmelted substance, deposition of crystals, and
contaminants such as a refractory material and platinum forming the melting vessel were not
observed in the glass obtained.

[Composition of glass]

Amorphous aluminosilicate glass having a composition including 50 to 75% of SiO», 1
to 15% of Al,Os, 5 to 35% in total of at least one component selected from Li»O, Na,O and K0,
0 to 20% in total of at least one component selected from MgO, CaO, SrO, BaO and ZnO and 0
to 10% in total of at least one component selected from ZrQ,, TiO,, La;0s, Y20s, TayOs, Nb,Os
and HfO, in an oxide-based conversion indicated in mol%.

[0063]

The above-described molten glass was provided, and a glass blank having a diameter of
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[ 0067] As apparent from Table 1, a glass substrate, which had

a conpressive stress |ayer having a | arge thickness, a high

conpressive stress value, and the enhanced transverse rupture
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[ Conposi t i onTRe ofoligh gdasy material Lo disebarghd dromab omiliso gldss ontflovgpers $11( Wgs cut
630C;, 80 x 10-7/C average |inear .expansion coefficients of the
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enbodi ment y be anor phous alum n ate gl ass hav the

f ol | owieggal aOrRAGWEl BiAn tkd AtBsin PBIR (= alo0POCbLitheNPoltedSglassOha®fal, so that a glass
conposition expressed in nol% 56 to 75%of Si02, 1 to 11% of Al 203,
nor e t hiankdnymgd dameer ¢leksmpf and;atbickness of 0.9 mm was formed.

In this Example, the temperature of the first die was set to the “strain point - 20°C”, and
the temperature of the second die was set to the “temperature of the first die £10°C” (“strain
point - 20°C” to “strain point - 30°C”). The reason why the minimum temperature of the die
was set to the strain point -30°C is that when pressing was performed at a too low temperature,
the glass may have been broken during pressing.

In this Example, the cooling rate of the molten glass material during press forming was
controlled at -266°C/second over a period of time until the temperature of the molten glass
material changed to a glass transition point (Tg: 500°C) from a temperature (1300°C) at the start
of pressing. This cooling rate is determined by measuring a temperature for 60 seconds at a
point which is located 1 mm from the front face of the inner circumferential surface of the die to
the inside of the die, and calculating a ratio of a temperature change to the measurement time.

Next, glass substrates for magnetic disks were prepared by sequentially performing the
processes of steps S30, S40 and S60 to S90 in FIG 2 (i.e. processes except the process of
removing a first compressive stress layer and the grinding process using a fixed abrasive grain)
using the glass blanks after the press forming process.

In preparation of the glass substrate for magnetic disk, the processes of first polishing,
chemically strengthening and second polishing were performed under the following conditions.

- First polishing process: polishing was performed using cerium oxide (average particle

size: 1 to 2 pm in diameter) and a hard urethane pad. The machining allowance was 10 pm.
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{(M0- 1- CaO FLi 20) / (Li 20+Na20- FK20+My0O+CaO- FSr0)} is 0.50 or nore;

a total cont éBxamyflesosriddesnpahtsst Bunipiesin t he group consi sting of Zr02,
Ti 02, Y203, L4203, Gdzg , l\]ltg 05, and Ta205 is nore than 0% and 10% or
| ess; and omparafixe Exatppleily of the total content of the oxides to

a content of Inb‘lc%%a{a(tl%[e G242 F YRR 3512 931 e 0 3tk aaR 3 b AN a0 b ctured

is 0.40 or
without controlhng the cooling rate of a molten glass material during a press forming process.

At this time, the cooling rate of the molten glass material was -30°C/second over a period of time
until the temperature of the molten glass material changed to a glass transition point (Tg: 500°C)
from a temperature (1300°C) at the start of pressing.

- Comparative Example 2

In Comparative Example 2 illustrated in Table 1, a glass blank was prepared while the
cooling rate of a molten glass material was controlled to -266°C/second over a period of time
until the temperature of the molten glass material changed to a glass transition point (Tg: 500°C)
from a temperature (1300°C) at the start of pressing during the press forming process. A glass
substrate was manufactured using the glass blank. The glass substrate was not subjected to a
chemically strengthening process.

- Example 1

In Example 1 illustrated in Table 1, a glass blank was prepared while the cooling rate of
a molten glass material was controlled to -266°C/second over a period of time until the
temperature of the molten glass material changed to a glass transition point (Tg: 500°C) from a
temperature (1300°C) at the start of pressing during the press forming process. A glass
substrate was manufactured using the glass blank. The glass substrate was subjected to a
chemically strengthening process.
[0065]

[Evaluation of Examples and Comparative Examples]

First, the cross section of the glass substrate for magnetic disk was polished, and a
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[ 0069] [Conposition 3 of glass] Anorphous alum nosilicate glass (Tg:
680C, 80 x 1017/ C as average |inear expansion coefficients of the

gl ass at tenperatures of 100C to 300C) having the foll ow ng
conposithitlaress of the comfieasige srdsetdyal whsinkastiddgyitias pélagiA®a ntiereasiet i on
expressed in_nol% 50 to 75% of Si02, 0 to 5%of Al 203, 0 to 3% of

Li 20, 0 to SPwBRerzi@NsVEISeo Mo sirangthalof ghe Ngss sbgitratenlor magnesc 3dgk was
in total _ of O Sr0, and BaO and 2 to 9% n.total of

oz, aeagey b Tt R8s B o mipoed B GnsPened Bifirpsenet
CaO / tésM3 Qs ﬁlﬁ%@l"?\lﬁé%g%‘i By ]20(')(% ' Bp&lﬁ@dﬂgeteﬁf%lﬁ)ssgsubﬁrajfes #8d Oﬁ} ared for
nolar ratio [Al 203 / I's in a range o to 0. 30. 7%]

The entsach nﬁﬁbmpalfatwtlexmnldsdntCampamtmecﬁxahml@ZlmdrExiim;xbes il et p}aced under a
detail, but the nethod for manufacturijng | ass substrate for )
magnet 119adi28¢ %Jcemres?n@f fpde hghgsy é@e&kﬂsa ﬁ%s fieyvere rHpured; was dgtepgined as

t he af
vari oug{aﬁa%p%
t he spi[pods) of the pr esent

BBk SR

IOﬂS

i ments,

i nventi on.

and it

I s needl ess to say that
nd changes may be made without departing from
DESCRI PTI ON OF REFERENCE SI GNS

[0071] gl ass] substrate for magnetic disk 125... cooling control unit
[Table 1
Maximum Compressive
Chemically | of thickness . tresspvalue £ Transverse
Cooling rate | strengthening of com ressivz rupture
process compressive p strength
stress layer stress layer
Comparafive -30°C/second Performed 70 pm 25 kg/mm”* 230N
Example 1
Comparative R Not 2
Example 2 -266°C/second performed 150 pm 20 kg/mm 120N
Example | -266°C/second | Performed 150 um 45 kg/mm” 400 N
[0067]

As apparent from Table 1, a glass substrate, which had a compressive stress layer having
a large thickness, a high compressive stress value, and the enhanced transverse rupture strength
of which, was obtained by controlling the cooling rate of a molten glass material during a press
forming process and performing a chemically strengthening process. This indicates that the
strength of the glass substrate was enhanced by controlling the cooling rate of the molten glass
material to form a first compressive stress layer on the principal face of the glass blank, and
further performing the chemically strengthening process to form a second compressive stress
layer on the first compressive stress layer.

[0068]

Using glass having the other components (Composition 2 and 3 of glass described
below), the same experiments were conducted as those for the above-described Examples.
Then, it was proved that the same level of results was obtained as described in Table 1 with
regard to maximum of thickness of compressive stress layer, compressive stress value of
compressive stress layer, and transverse rupture strength.

[Composition 2 of glass]
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126... second cooling control unit glass blank GL ...first

conpressive stress |layer G3...second conpressive stress |ayer Wat

Is claimed is: 1. A nethod for manufacturing a glass substrate for
magneti ¢ di slimdrhrourediracositione ighisn (Tg: 630°C; 8BxfIOPFCng aperagelificadlexpansion
press-formng a |unp of nolten gl ass %sing adfair.of dies, during

whi ch theffigisatsioidhe gles abtemnseatviss oEHOQ L8 S 08y hayingthes Bilayingcomposition.
controlled s h a first conpressive.stress |aver .is forned, on eac

of a pair of thl%i %%lsspasflbﬁ‘t%at(t:%sacg rdéngglt%sgjebpéeﬁﬁmt ﬁéi%oﬁlgeﬁl elggyf%er naél&?rpﬂous
and  alumindsiGOREBIGH Ha)&in%tth@ftﬂfokﬁﬁ% dnpsafpss for formng a second
conpressive stress |ayer on each of a ‘pair of principal faces of a

gl ass subst r &llsss frmatered inesidmg, bhe giisasenisaitk abtesedtihendly mi ng
process. 2. The %ﬁtQOd for manufacturing a glass substrate for
magnetic di sRO&é dI§63%o claim1l1, wherein in the form ng process,
thg falli I f I I [ f d [ th [ f

e falling en glass is press-forned using e pair o
di es fron1di#g§?F%ﬁg?Hé%%h direction being orthogonal to the falling

direction. Shordtanmes hakhd, ok Id@BbEfaot uring a gl ass substrate for
magneti c di sk accordingato claiml or 2, wherein in the form ng

process, pred& fonpderngdiless funfléfelNemd,.ahdt the tenperature of the
Press Torm gy Sy h8eand est 18, br Rlo UndSs bhibstnbaly et & pdo, dentical .

a total content of alkali metal oxides selected from the group consisting of Li»O, Na,O,
and K->O is in a range of 6 to 15%;

a molar ratio of a content of Li,O to a content of Na,O (Li;O/Na,0) is less than 0.50;

a molar ratio of a content of K,O to the total content of the alkali metal oxides
{K>0/(LiyO+NayO+K,0)} is 0.13 or less;

a total content of alkaline-earth metal oxides selected from the group consisting of MgO,
Ca0O, and SrO is in a range of 10 to 30%;

a total content of MgO and CaO is in a range of 10 to 30%;

a molar ratio of the total content of MgO and CaO to the total content of the
alkaline-earth metal oxides {(MgO+CaO)/(MgO+Ca0+Sr0)} is 0.86 or more;

a total content of the alkali metal oxides and the alkaline-earth metal oxides is in a range
of 20 to 40%;

a molar ratio of a total content of MgO, Ca0O, and LiO to the total content of the alkali
metal oxides and the alkaline-earth metal oxides
{(MgO+Ca0+Li1;0)/(Li;O+Na,O+K,0+MgO+Ca0+Sr0)} is 0.50 or more;

a total content of oxides selected from the group consisting of ZrO,, TiO,, Y20, LayOs,
Gd,03, Nb2Os, and Ta;Os is more than 0% and 10% or less; and

a molar ratio of the total content of the oxides to a content of ALO;
{(ZrOy+Ti02+Y,05+La;05+Gdy O3+ Nb Os+Ta;05)/Al O3} is 0.40 or more.

[0069]
[Composition 3 of glass]

Amorphous aluminosilicate glass (Tg: 680°C; 80 x 107/°C as average linear expansion
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4. The nmethod for manufacturing a glass substrate for nagnetic disk
according to any one of clains 1 to 3, wherein the tenperature of the
pair of dies is kept Iower than the glass transition point (Tg) of

t he nolcbefficghasd titbglassgt eenperdtods of 100°Cro BOOTCMaeimgtthefofloads; dingyakition.
contacts the pair of d| es 1o the tine the glass blank separ at es from
the pair of Gilessmategial medudyeg. 85@ 2lase corpnemitiun erTersedingnelds 581 I ViSO,
for  MRGNGLhE of 0205050 0018, BN 006 2ot B oo It TELERS 14 0

further conpr|3| a poll g’ proceéss par y Femoving

first cemprHEstdINT Mgoe%‘,@d YOI agBabhRdSEEP 0%, HOMRY @THrVE, $10,£88,0;, Y,0;,
| ayer fornmed on a pair of principal faces of the gl ass substrate

after t¥eOgHerchbiQs aptltBigt heni ng process. 6. A glass substrate for
oo ey 2Sai ateToB b Sl PRorl 57l ey HUALS,
strengthenin e r oW th physical l'y

st rengt heni ng (f} ea@%frp e%sﬁ\ag&st@?ﬁgﬁ%bgﬁeﬁgmgﬁ%erI appi ng each

ot her. [007z0h gl ass substrate for magnetic disk according to claim®6,

t hi ckness of the %I ass substrate being 0.5 to 1.0 mm
The embodiments of the present invention have been described in detail, but the method

for manufacturing a glass substrate for magnetic disk according to the present invention is not
limited to the aforementioned embodiments, and it is needless to say that various modifications

and changes may be made without departing from the spirit of the present invention.

DESCRIPTION OF REFERENCE SIGNS

[6071]

1. glass substrate for magnetic disk
125...  cooling control unit

126... second cooling control unit

G.. glass blank

Gl.. first compressive stress layer
G3...  second compressive stress layer
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What is claimed 1s:
1. A method for manufacturing a glass substrate for magnetic disk, the method comprising:
a forming process of press-forming a lump of molten glass using a pair of dies, during
which the cooling rate of the molten glass during pressing is controlled so that a first
compressive stress layer is formed on each of a pair of principal faces of a glass blank that is
press formed; and
a chemically strengthening process for forming a second compressive stress layer on

each of a pair of principal faces of a glass substrate formed using the glass blank after the

forming process.

2. The method for manufacturing a glass substrate for magnetic disk according to claim 1,
wherein in the forming process, the falling lump of molten glass is press-formed using the pair of

dies from directions, each direction being orthogonal to the falling direction.

3. The methed for manufacturing a glass substrate for magnetic disk according to claim 1
or 2, wherein in the forming process, press forming is performed so that the temperature of the

press forming surface of the pair of dies is substantially identical.

4. The method for manufacturing a glass substrate for magnetic disk according to any one
of claims 1 to 3, wherein the temperature of the pair of dies is kept lower than the glass transition
point (Tg) of the molten glass during a period of time from when the glass blank contacts the

pair of dies to the time the glass blank separates from the pair of dics.

5. The method for manufacturing a glass substrate for magnetic disk according to any one
of claims 1 to 4, the method further comprising a polishing process for partially removing the
first compressive stress layer and the second compressive stress layer formed on a pair of

principal faces of the glass substrate after the chemically strengthening process.

6. A glass substrate for magnetic disk having a pair of principal faces, the glass substrate
comprising a compressive stress layer formed with chemically strengthening, and a compressive
stress layer formed with physically strengthening, the compressive stress layers being

overlapping each other.
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7. A glass substrate for magnetic disk according to claim 6, thickness of the glass substrate

being 0.5 to 1.0 mm.
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