1 DESCRI PTION DIE FOR FORM NG GLASS SUBSTRATE, METHOD
OF MANUFACTURI NG GLASS SUBSTRATE, METHOD OF
MANUFACTURI NG GLASS SUBSTRATE FOR | NFORMATI ON
RECORDI NG MEDI UM METHOD OF MANUFACTURI NG | NFORMATI ON
RECORDI NG MEDI UM GLASS SUBSTRATE FOR | NFORMVATI ON
RECORDI NG MEDI UM AND | NFORMATI ON RECORDI NG MEDI UM
TECHNI CAL FI ELD [ 0001] The grlesent i nvention rel ates
to a die for formng a rate; a method of
manuf acturing a gl ass substrate, using the die for
formng a glass substrate; a nethod of manufacturing
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opti cal ropertles and nagneto-optical properties.
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the reduction of a flying height of a magnetic disc
mediyl he pronpted in a glass substrate. Further, in

order to save a manufacturing cost of a glass

substrate, there is increasing a request to nake the
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corresponding to a request to reduce a flying height of a magnetic head for enhancing a recording
density, the percentage of glass substrates which are used as a substrate for a magnetic disc is
increasing, because the reduction of a flying height of a magnetic disc can be promoted in a glass
substrate. Further, in order to save a manufacturing cost of a glass substrate, there is increasing a
request to make the thickness of the substrate thinner.

[0003] Such a glass substrate for information recording medium such as a magnetic disc, is
manufactured by polishing a glass substrate which is called a blank. There are known a method of
manufacturing a glass substrate (blank) using a press operation, and a method of manufacturing a
glass substrate (blank) by cutting a plate glass formed by a float glass process. Among these



nmet hods, the nmethod of manufacturing a glass substrate

in which nolten glass is directly pressed has

attracted attention, because especially high

productivity can be expected. [0004] However, the

met hod of manufacturing a glass substrate in which

nDIten glass is pressed, has exhibited a problemthat
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prefsuiglopeting. pr obl em A gl ass substrate was partlally
cool ed excessively because of the cooling operation
with gas, especially when a thickness of the glass
crnybpmmqngrmas t hi nner. Thereby, great distortion
remai ned in the glass substrate, and the glass
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achieved in view of the above technical problens. An
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I nformation recording nedium_ 3. SOLUTI ON TO PROBLEM
[0008] The present invention has been achieved in view of the above technical problems. An

object of the present invention is to provide a die for forming a glass substrate which does not
generate cracks in a thin glass substrate when the glass substrate is released from the die, ina
method of manufacturing a glass substrate by forming molten glass with a pressing operation; a
method of manufacturing a glass substrate using the die; a method of manufacturing a glass
substrate for an information recording medium, using a glass substrate manufactured by the
manufacturing method; a method of manufacturing an information recording medium,; a glass

substrate for an information recording medium,; and an information recording medium.



[ 0009] To solve the above problens, the present

i nvention conprises the follow ng features. [0010] 1.
A die for formng a glass substrate conprising: an
upper die and a lower die, wherein the die for
formng a glass substrate isyadopted to pressing
nolten glass and to manufacture a glass substrate for
an _information recordi ng nedium and wherein the | ower
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die for formng a dglass substrate of any one of Itens
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ressions, has.a.cross section ign. one shape of a
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are 0.2 mmor nore and_are. 5 mmor |ess
symmetric shape about a center of the die surface.

[0016] 7. The die for forming a glass substrate of any one of Items 1 to 6,
wherein each of the plurality of grooves or depressions has a cross section in one shape of

a rectangular, inverted trapezoid, V shape, curved shape, and polygon.

[0017] 8. The die for forming a glass substrate of any one of Items 1 to 7,

wherein the plurality of grooves or depressions are 0.02 mm or more and are 0.3 mm or
less in depth.
[0018] ©. The die for forming a glass substrate of any one of Items 1 to 8,

wherein the plurality of grooves or depressions are 0.2 mm or more and are 5 mm or less

in width.



in wdth. 4 [0019] 10. The die for formng a gl ass
substrate of any one of clains 1 to 9, wherein an area
of the plurality of grooves or depressions within an
area where the die surface is in contact with the
molten glass, is 1 %or noregand is 30%or |ess of the
area where the die surface is in contact with the
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e [00261 17. An information recordi ng nmedi um
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comprising; a steop of forming a recording layer on a glass substrate for an information recording
medium manufactured by the method of manufacturing a glass substrate for an information
recording medium of Item 14, to manufacture an information recording medium.

[0025] 16. A glass substrate for an information recording medium, manufactured by the
method of manufacturing a glass substrate for an information recording medium of Item 14.
[0026] 17. An information recording medium comprising: a glass substrate for an
information recording medium of Item 16, and a magnetic film formed on the surface of the glass

substrate.



information recordi ng mediumof Item 16, and a
magnetic filmformed on the surface of the glass
substrate. 5 ADVANTAGEOUS EFFECTS OF | NVENTI ON [ 0027]
According to the present invention, there can be
provided a die for formng a glass substrate such
that, even in a thin glass substrate, cracks are not

enerat ed when the gl ass substrate is released from
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Fig. 7 is a schematic diagram showing a pattern formed by grooves of a lower diein adie

for forming a glass substrate of the present invention.

Fig. 8 is a schematic diagram showing cross-sectional shapes of the grooves of the lower
die in the die for forming a glass substrate of the present invention.

Fig. 9 is a schematic diagram illustrating a molten-glass supplying step in which molten
glass is supplied onto the lower die in the die for forming a glass substrate of the present invention.

Fig. 10 is a schematic diagram illustrating a pressing step in which the molten glass is

pressed with the die for forming a glass substrate of the present invention.



Fig. 10 is a schematic diagramillustrating a pressing
step. in which the nolten glass is pressed with the die
for formng a glass substrate of the present
invention. 6 Fig. 11 is a diagram show ng an exanpl e
of a glass substrate for an ?nfornation recordi ng
medi um manuf actured by a nethod of manufacturing a
gl ass substrate for an information recording. medium .
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surface is divided into four equal parts with lines passing through the center of the die surface,

variation of an area of the grooves or depressions in each divided part is within +:10%.

[0031] As for the plurality of grooves or depressions, it is preferable that there is formed at least
one of a pattern including a plurality of circles whose centers are at a center of the die surface, a
pattern in a radiate shape which starts at the center of the die surface, and a pattern including a
plurality of regular hexagons.



one of a pattern including a plurality of circles
whose centers are at a center of the die surface, a
pattern in a radi ate shape which starts at the center
of the die surface, and a pattern including a
plurality of regular hexagons. 7 [0032] It is
preferable that the plurality of grooves or
depressions are formed into a pattern in a
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property of the glass substrate becomes worse, which is undesirable.

[0038] It is preferable that the molten glass used in the present invention is supplied on the lower
die at a temperature from 1000 to 1400 °C, and that viscosity coefficient of the molten glass at that
time 1) (Pa's) is 0.5 <log<4.0. Itis more preferable that the molten glass is supplied on the



same plane to the die surface. Wien the area is |ess
than 1% or nore than 30% the die rel ease property of
the gl ass substrate becones worse, which is
undesirable. [0038] It is preferable that the nolten
gl ass used in the present ingention I's supplied on the
lower die at a tenperature from 1000 to 1400 C, and
that viscosity coefficient of the nolten gl ass _at that

lower i ataterppegaturg Gor 180001300 %G and thet giscopity Gog tof the molten glass at

£ akl aksthe nolten glass is supplied on the 8
i

a tenperature from 1100 to 1300 C, and
[00B91at Figi Isis @ sahemiatodf ofei fest tmbddiréns ofandie fon fogphimgs ghiss substrate of
that time nis 1.8 <log n.< 3.5...100391 Fig. 1.s a
the DERHEFTEOD] QPGP 2aotis RBPI BRI oBTng e spisfaf 10, The
die RO o185 aBSradlRhd@cSloRer dié MEinBh@RERkt didiERdel 19For pressing
Mol ten glass iIs supplied on the die for formng a
thegipplied mollsigtasy, endiper el 2 infiludirfgsecond digiswrdaoa 1 4fonpressing the molten
substrat.e 10 incl.udes .| r die 1 1 including first
g%ﬁ%ﬁ&éﬁ*%ﬂﬁgfggf%ﬁnﬁ?@gifﬁg the supplied nolten
[ooadz)gasm B FHRRRE a@lass shBstiaRq uthe Brsepitoiehett of tepidsat tvention
14 for pressing the nolten glass with the die surface
hastige seme pastems fermed v groayss audic TiEacesi 18 an k4 efaipper s 13 agd lqwer die
11§ub§%5§te 10 of the first enbodi nent of the present
iTAvent 1on as the sane patterns forned by grooves on
AR has th f d b
[00dije Bigr iaas:ee[saﬁbiae\a Bt[llloﬂzér did 1 1wgbeveddioan dpiva.adj end Kigeb is]gai sectional
11, respectively. [00411 Fig. 2a is._a an_vi ew )
viepgiken aaneine A58 Biev 7 Pefmtiiace 13 aglomeric bbhas dhe following
RAEH ' h BewHictthal B obbsectifR in ak88an
pa%ﬁ? g{el%g;% efog%érd?; \gc e groél) om%alflll gﬁélﬁbl}?lah as the follow n ggul 5
shapa hrideaxtendst frve eenter B inf aoadigldn@nereat avegy hrple Gyetweee $hegraohies 1s 45

of whj.ch has.a cross section in rect angul ar shape
degrpry e KSRAYSIAT SYMEDN AUt %e F‘?’i‘teéoﬁcgﬁfuﬁrlgcﬁanner, and
[O(ng M s #aPhtend) ﬂ{é%ll’éﬁx%{gg AEbeAkQPRS tHas tHABhoWE BITEE Sa: aPaitdn

tern is symetry about the center of die surface

shakin in F@O2 2dcludmgtatplurgity ofeireles whieh dre prrangid- grop yintgeyal s with their

t her.than that_ s . i n.Fi.g. : e b
ey oot P B ek By LR e R Ml g
lin& ek RAARETGH B And Binetad cittleWia phrteiigiakshape efiletiyegular

positioned at center P of the die surface;, a patter
hexsgonenshiown I §g. 542 patieel of gerajnatian pinlurgltrignelss thovnim Kig. 6; and a pattern
. extend] fr ' ' :
i S E BRSO PR L LAREIN by R Sy B
the die Jut-face ab shownfi@FigeT. n Thk pateriis naliinited ofthast andahy pattern can be used
triangles shown in Fig. 6; and pattern in which
as B g5 SRpeagabowtthe ean Oﬁ‘ﬂi’edﬁ‘? ?‘Wgcec enter and arranged

‘“‘fé‘ﬁh msﬁégqgfégs%ﬁ&@ﬁaﬁ&ﬁ&&%%%, &Etan%fu[b? gfdbes SHwnas Bigl% can be

pattern is not Tinted to these
usain d Adtayiativelys eariousshapet) groosasduchas inverteddwpézoidi gsooygsinEig $ag V-

about the center of the die surface. ,100431 As for.a
ShERR SR Erie| e AP £ NS T e PPN T 5 can
alsIbOPNRFbRNRYY in Fig. 2b can be
[0044] Next, a method of manufacturing a glass substrate by using the die for forming a glass
substrate will be described.

[0045] (Method of manufacturing a glass substrate)
A method of manufacturing a glass substrate in the present invention, is a method in which

molten glass is pressed to form a glass substrate. - The method includes a molten-glass supplying



used. Alternatively, various shaped grooves such as
i nverted-trapezoid grooves in Fig. 8a, V- shaped
grooves in Fig. 8b, curve-shaped grooves in Fig. 8c,
and pol ygon grooves in Fig. 8d, can also be
preferably used. 10044] Nextg a method of

manuf acturing a gl ass substrate by using the die for

forningla %Iass Substrate will be described. [OB%S%
step(investhic ghearoltem slats Actupplied gnig figt dis surage b} foapegion Jovrfisd by and a

f ac ' ! - :
e SRR 008, SRSl i kDAIBS 0 it st
13 pies@adidit surfaoe Mefoghalsom uppkdy dierldtwhile b enoitet glasdisicndédidés the

a nol ten-gl ass. suppl yi 9 tep in whi.ch, t.he | t,en

aboge dedhs e O opningd 2B ubRpieof hapiescatipyaltion 103 FBPRISE: on
£ ' @ﬂﬂn ressin t i n which

wogﬁbsgﬁg%gggésg tai%%ﬁgby pregs?ngptkg np:fené ?azzs _

Wi t hTlid malten-glass sspplying sep is 8 stemiblatgeadtion elafeﬁil%sunmheg giate theirst die

ormed .on _upper die_ l4 ile,the.molte i S 1

surEaed SAURES o, o BiE 9t ws S TRots B ol e 1L and
mo%%%%sﬁ 23 8 1 mAIRA-gRERBHNVing SME N Firs mdl@nighisea B e through

(Mol ten-glass supplying step) The nolten-glass __.
pousing pozzlerdd and is purphedsonta lepyendigat | (igy Yan At dhat, fhe moligpelass g3 is cut

. fi i i .
GBS B b A S LB B s
sep@B@d (FIRI9bE N MiIes §laR33 istippkibin i rhaon glasssapystyipgitsti togehes with the

cengel g OF LA EaceA g S e o b 4 ieriopy el fom he

.Fi Q4. , nolten glass 23 is cut
Iméé%ﬁhgﬁgﬁgg§%ﬁﬁgﬁg%ﬁ%ﬂgﬁﬁﬁlten gl ass reaches a
[0087]e dEbwerdicria ds leamed ata, prajeminéd tempeyiters sn &Rarics.  The temperature of
separated (Fig. 9b), Mjte ass. 23 suppliied.in the
lowsE e d hisgoHa S TSP GERRE RIPHERD BB i ¢ gpe of s
andgs‘gioeltdg gl'% g%gs dibdisife. NWBeSHE (ecffRrafd GFdlves HRNY % theloWdit causes

e to a heat release mainly fromthe portion
probfeims that fatedsess thei gldss subsiratein deterioraies Wiindes apedfoard in iFsterred

surfge AL DS Bes ik CPetars arna PR, o GUREHab Snbine
tethJemt&@ﬂ nRRPRigha tHaM it rajfnﬁlem diaes flet evitighschng thekris significantly

ependi ng_on a ty&@bo ass and size of the glass .
detsuidyeted, aithish agmetprefasblee rﬁ@mﬂln tds preferapigdhat the tempgrajuee i @ range

| ow, i1, cause f o | o
ooty T oS DS o Bl R Ge HPLEATR 2 C A8 TEpfisT00 C.
[0048 N 9 IRAtir@dnetisodrof Reer dia hlishbidingted sspecisllypamlegmopsemethedcan be

of thermal shock. On the other hand, mﬂ§$ th .
seleasefeamknoma heating methods. o ieF xamRles.icartrjdge hsajes o besed byjbging
e Bl P B SR g bt i e
ouisigle pflefverdibl lecah babsed.h Furtherpiefraed ncatingsunitandhigh freguency induction

between Tg (gl.ass transjtion point) of the glass to be
heatigg Waigicanof yeed 3¢5 t@ﬁ%‘ “plus 100 T.

[0049] (Pressing step)

A pressing step is a step in which the molten glass supplied onto first die surface 13 is
pressed with first die surface 13 and second die surface 12 formed on upper die 12 while the molten
glass is cooled, to obtain glass substrate 24.

[0050] Fig. 10is a schematic view showing die for forming a glass substrate 10 and glass
substrate 24 in the pressing step. Lower die 11 on which molten glass 23 is supplied in the molten-



[0048] A heating nethod of lower die 11 is not limted
especially, and a proper nethod can be selected from
known heating nethods. For exanples, cartridge heater
to be used by being enbedded inside |ower die 11, and
a heater in sheet-shape to gg used by maki ng cont act
with the outside of Iower die 11 can be used.

Further, infrared heating unit and high frequ

glagsSenpbaREED Iﬁ@%cmraﬂig mMFSHo & BRIgB t faedPpaidisidat ﬁﬁ%ﬁ%éhe molten

glagll R/\ﬁ%&ﬁ%?ﬁﬁét %?&%cgg? g{;lgaérudsépﬁ g§ont o) %I rst (ﬁgﬁﬁ&pdle 12

Thérhblieatgﬁsﬁs@rdaﬁs byphegesitg vpdrdtioh tor@medh evnstrvithdbe feBiplaangof first die

o i SR A7 Lo et o0 vonet, e 1 M 0
with BRP@d sl 1348d oflt AERFABLCard 1@1%1%&1% BRsHBstheD4.

ormng a g ass substrate 10 and gl ass Substrate 24
[00511 t Uppepdied 3 nsrl'gatsd @p predcimnnadn@nmﬂ_aﬁmsnmiarbﬁo tsver éip11. The

23 d th 10
pegmmgmE e e evadat SR b b R e dSa b Bl difnn
Théilhe‘amilg%emﬁér&t% e BE sanfd W8 tHAPO UG er dd!128Ad ind OIy sy B @aed fomittnt of
first die surface 13 of lower die 11 and second the

loveuditdte 14 of upper d|e 12 The nolten gl ass spreads

Rt BBy A O BT D a0 1

uppeedie 32, Qcﬁ@\k/ﬁ? pre@ig nanaan eéipxbyedyeabcwde | @mwhplesm giscylinder,
contactlng surface wth first die surface 13 and
hydsauis sulindreans glectsic €ylinder egmplpying arsgrveraelor 3¢ gtdi ass

[OO%%']ESN% giae {ﬂg%lnatg@ Bedy ﬁ:gn? 32 shisstrhie ?4 S da eﬁs substrate is set

dete ature S|n1 arly to | ower
apa:ﬂhﬁ)mkb%fdlélgl Wﬂmmmdhmneeneam heat| ng met hod are
simlar tqg the case of bed, | die,11.
O oo et p R bR e o en
m\%it?on[]tgég%%]%g{ggﬁ e vEhetEBIoR Bibst fib Qb S as@howr AWRY 2411 & makes

ssing nmeans for pressing the nolten
easgltmamglaamb;uat@%fmndawwcbe 11ond reduees gm@raaﬂmof apskeand scratches.

Fu%eﬁr vé;gaﬁéﬁ n%ﬁ‘igﬁ N allrl]s Cﬁucﬁnﬁ§ %ﬁg Cy cﬁﬁf g&lﬁ&qhe upper

dleéml%leﬁéea ct ]!h'ﬂSé e%ﬂoalﬁséﬁtrof@m@m BEetiol GioeEpitRin 1@foemed also on die
cited. [0053] Next, upper the 12 is separated away

suffaco it of 1@9@ disgsandzgereratign gferackpandgmichescambg rediced ¢en when upper
dﬁﬁ%d%%?mxs ép%SPg%%gﬂ 1 with an adhesi ve menber.

Dw

ove, in the nmethod of
[0053N U{IRethid dfganafaglutissa g sibsedtefonsn infoemgtion $®mtd1ng medium)

the. SuEFRBOSTES Re BRI IFFoRigE et B bbb b pgine
B i ) S A
Flgm & shogis aimgrass ik straing aiPekanpleaiie glassisilbpstrate far an tmfbrmhmgoordmg
mcladgurrtl rengr?lﬁ’a y oedcbr atﬁe metklgéj otWh a%ﬂfagtggnguf éfass substrate for an information
recording medium of the present invention.  Fig. 11a is a perspective view and Fig. 11bisa
sectional view. Glass substrate for an information tecording medium 30 is a glass substrate in
circular disc shape with center hole 33, and is composed of main surface 31, outer peripheral edge
surface 34, and inner peripheral edge surface 35. Chamfered comers 36 and 37 are formed on the

outer peripheral edge surface 34 and inner peripheral edge surface 35, respectively.



die is released. In the enbodi nent of the present

i nvention, groove pattern is fornmed also on the

surface 14 of upper the 12, and generation of cracks

and scratches can be reduced even when upper die 12

is removed, which is preferaple. 10055] (Method of

manuf acturing a gl ass substrate for an information

recordi ng medium A glass substrate for informtion
[0036} c ohgipakshing dien ihasigh owllwra@{wgee%{ﬂ%%ﬁ& glass substrate

ihd R BidveIURRbthAdsSrolited Rkl

(blah]@ﬁi %%?%%E&% ﬁ%l%agsg%g%/u‘eate%%%ut?acteuri ng net ]i]egd. Fi %I?SS
substrhtehromenfolinejorareeordihg tiedinmt | Agja poliskirgmpthed, efvel-kgdwsmethods

o AT LGRS B ST HhSTate T i Bt Treprdi ypgdim can be
use®HASE ! atof efafpledfvo RECHEBHsI® Bn fbQ&GP vl OAtaBR ladihlatbddSuch that

present Invention.” Fig. 11 a is a perspective view and
the Fiogpads fabs te each ofhet miidongléss substyate ichzangedhebueen Sreéwe pads.a in the

i nf ti [ ' 30 i I
sboyrRop e oo B SR AAe LY Bt Lo BB R Bl e s
subSHAEA8 SithuineBRlyh foUsHiRca et Is fedott@the R facg@ve tha blassdgstrate,

surface 34, and inner peripheral edge surface

35.
whepehyrefpetishingstsmiscon@stedn diustherait is alsp Aeriablele sensgte thepalishing step

o R S5 5t A g ARl e
graflsPp of Spolistiigeipe@fandbt kabofigda mai n surface of a

manuf act ured gl ass substrate &ggank .to he finished.
[0057)n adss g palisfingypasais o5 eygEPleateE I xie, ATty exide AR BEde,
-ASSq: S : 11!
mafi it il BRI iarRARMI BT iy POhFIORUTEAIBR theabove
agefiB}itvagishe picfardbla® wae capinmfoaie hecause simee it bds alfighregpitisigswith glass, a
substrate for an ipforpptiqn recordin i um can be
mmy@@gﬂ@@ﬂ§wﬂp§qm&§pg %3#¥Q%P%§X§?‘§?§Egasted on
[00%@; eﬁltlg;ug%) e gﬁcpct,aﬁ'b@ Eéﬁﬁra@ﬁﬁi DrdPpABME scRaD, afpadtan YeltBosen
t pads~fac c

to ea other, and a gl ass substrate_is
suitably ambyead bbededestequited. t Avoa lpradivad, 4 prdmppde fragp@yraterial, such as a hard

arrangenent, .t he ads are ro [ ' [
e PR S R
a pad Tt RREOMSkYal, Fudhls bisdde, Reloag &idtthd Iikehed boemploydie

surfaces of the gl ass substrate, wherepy a_gollshln

[0059]e pFirther ivibieroetbed ofmpnufaetpring 4 glass substeate 96 1pigANAtiop BCCgrding
t 1 Li i . St i .
R ok UL SR el AR, b RP o e iber

a precise polishing
tred¥@ 6185 Endlappliangp igaditien togrpdlishirg sip tofolish pmbin strfacgof a glass
agent and the kind_of pads. [00571 Asa oIisEiqﬁ . ¢
subsgainblanklr Th aRIaad OWePRRRACELGCAE Sp A 8 Heting a step o
iR JY i i halR. hettherdl ddio€ furface and an
P AL QS hpon REEHR S S el e
innagyeAiplseral iedgervanfive apt edimemsivnel acoraey endepdlishingsigpder, an inside and

R o R I e
befo.fegi‘;;)r(ﬂ%iﬁ W&dQo dakisty g@%@]:ssﬁf 4 Plaredih vitheh aredbrdidilageeis

se [ and a soft pad, a pad can be

ated 1nto a hard pad é ]
foroteddlickness, parallel accuracy, and the like.  Furthermore, in the case of employing a

chemically strengthened glass or a crystallized glass as a material of a glass substrate, a chemically
strengthening step to conduct ion exchange by immersing a glass substrate in a heated chemically
strengthening treatment liquid, a crystallizing step to conduct crystallizing by a heat treatment and
the like can be conducted suitably if needed. Each step of the inner and outer peripheral treating



suitably and can be used as required. As a hard pad, a
pad made froma material, such as a hard velour, a
uret hane foam ng, a pitch containing suede, and the

i ke maybe enpl oyed. As a soft pad, a pad made froma
material, such as suede, veljgur, and the |ike may be
enpl oyed. [00591 Further, in the nethod of
manufacturing a gl ass substrate ;gﬁban informati o

ster, & dapging ghep: tssherricalyspngtheping em, Al By @ ‘em?%ﬁif@ﬁ?ﬁn‘bﬁ{mdwed
i i | .

o b PS5 Pt

inf@fhdiidn redordig raedah. shi ng step to polish a main surface

f | bstrat b k).. The _i ter. .
YO T e —
accotdif tPthe %Eezl Bl @8R vaRRS prdtes8 bder tRandhd b daytie@Bndudted. For

secUre t ape of an outer peripheral edge 'surface
example, amannéaling propess fohmdual a healdrsatmentite ease amigtegnal strain of a glass

di nensi onal . accur ac nd, a l.i shi,ng, st 0 n
sl Bk By AEpar hireh e g uinep e e o
clehRrf@sstd Rihols fofei B MARESs asioliiig daeht and Agpifiglly

process before a polishing step in order to satisfy )
strangerfingiraatmst lsfuidvithagmaiononihe erfage of @ elsprivbryaleaypapusimspection

ornmed, thickne ar acy, and the |ike.
an‘L?YF{‘E‘ﬁ%OF‘r%Qrcgs,sesr ?{lsdt eé&gggaglbg*;ong% oying a chenically
[00BL] ©THERME dpegifie s tridtiondin tieyistetibl of 2 @Hssyliostrate md enaterials capable of
materi al of a ass substrate, a chemc

I ) Iy .
beigg nsA gt vapipiiny o @ﬁﬁﬂémgﬁﬁﬁﬁ@vn$ﬁﬁ”@REﬁﬂ7@gnﬁyumlambedm“m
i | la i85 lahdtni oA tallized
sulg RS s el PRToT S bRl o TnébR ool Rt a cvs
glabsare epetiatiy desirisié, dedang they ao/exeellentan shorleresistanee andrgsistangeto

s, o et Sy il K needidy Fheh 18Pl i
gléfﬁzg)mgg&d% 80, N6, SR eHD%ablnkipa! doRPpEhMRNAIREinssiRkAte ghBomposed

ystall'i”zi ng’ step can be con ucted_.b% a met hod
of BDsj AleOHReM (Rrs EglNaduids pyincigal eonmenentsy berpsilieaieplass L2P-3ig: system

a gl ass, supstrate for i Af ararat | r ecor i
e LoD ke 2 10 M P A e R GMBTCn, 3 B and e
kg LRSR calpRséd ate for an information recording nmedi um
according’to the present invention, various processes
[0@6i2h e FTherteasrplsome spestigacsiistjondn ghs e ef aglass mbsiratcy x FRffxamplg glass
nneal i.n 0£Ees t :
A
indHeOR8FSe dufpleif | Fubthérhthere Blalsahb bpetific abtrittivn is the éiduness of a glass
a glass substrate, a cleaning process to.,re

subsyeis; ngrﬁﬁam}gep, glasssybsiratss VP ]ﬁgssgia SHh a&ﬂoax\rllg 0.64 mm, and 0.4
nﬁyﬁggbggh%MY?ﬁtrengthening treatnent |iquid which
re n

ins e surface of a glass substrate, various
[00633 pe&atmetivod ofimemeairing i trforpatmas®eting medivihe | i ke
maybe copducted. [0061]. There is speci fic . .
et PR oR e e bp iSRSt fmine gpgpording
la%EFBI? 5 b SutisRRER) §n AformRARNAEoHERIN& R ad¥BidRi: téthe Priesedt invention.

ass substrate for an information recording medium _
Fig.dA shevsatoosse secticn ifam nformatinn recerdingsmertiey 50 & reqeeding later 51 is

fog?%glsc{nié]i?a}lir? acecﬂ %ngcasasl sLletraSl’t% bt ﬂ%rpn%g&dre&)lrcﬁﬁgc‘ mEfdn80. The recording

layer is not limited specifically so that various recording layers utilizing properties such as magnetic

properties, optical properties, and magneto-optical properties can be used. Especially, it is suitable to



gl ass are especially desirable, because they are
excel l ent in shock resistance and resistance to
vi bration. Asa glass material capable of being
chem cal ly strengthened, for exanple, soda |line glass
conposed of Si @2, Na2O andgaO as principa
conponents; alum nosilicate glass conposed of SiQ2,
A1203, R20 (R = K, Na, Li) as fJori nci pal. conponents; .
usergaragaeticilayar @ g recording layepiosmapufagiaing g infargalion recording medivm
o .aghﬁ%ﬁfB-SiCQ system glass; R O A1203- Si Q2 system
ass = M, Ca, Sr, Ba) and the |I|ike can be
[0064ip| AyedgnefiOfaRtialsived for & magietiolapd, theeisind specifie sdstrictidn, and well-

in the. si f l. b te. le, gl
ke e A8 b PHSBOE BP B LTS bR Syt qeelqis gatends
corﬁéﬁﬁ%%@ ansga J;‘iélbiﬁﬁ 8onl:n1§su'cl'i‘ P, doct, %Ni,_(%ﬁ’ﬁ?x@C@CrTa, CoPtCr,

I nc e enployed. Further, there is alsSo no _
CoNjieIoNiCrPt, €oNiCrT b, GnErPiifa, tah@ CoGiPthiQ oy befised. glfuather, a multilayer

substrate. For.example, glass,subsitrates with vari ous
SRR IoVEd Y S aang A KR g e TS GGt Cr,
CriPBPIe Y e ind 836:3) in bAler B +daa6k fsemanuf act uring an _

i nformat’ion recording nedium An_information recording,
[00681di Asn vagnaelayerrapiesed isadranylanwith esigicturedn Frhigh magnetic particles,

ecor di | a a gl as hst . .
soch 8 B Sat e PYTONI B SRl i PP RGeSO Flammoratog femie
systeRtYi@ Bt An irofrtd@e cakB sysfmyvhateril, 90,5 BNt thedike dfaddition to the above-

i nformation recordi ng medi um 50 in which rec rdin% )
mentigned Cg systesn matgrigke JMagnehelpyermas beagy ane oban frpiang type and vertical
typ%ubstrate for information recordi ng nedium 30. The

recording layer is not limted specifically so that
[0066) i AN a niethod bffforing ayegwtictaydr] Zwelgknomopesttod esn B eniplayed.  For

magneti c _properties, optical properties, and .
exzwﬁfh asRitging mehodn %@ﬂ@%‘gﬂ%ﬂﬂﬁs et Spfésfﬁé{é‘?e&}owd e like are

L3 Suitable to 13 wuse a magnetic |layer as the

recording | ayer for manufacturing an information

[0068F o Tté mggnebaidiscmay beefgthet providédswith a foaigidn layer, apeptrstivedayer, a
material s ed.for a.magpetic laver, there. | .

neGuEErD e e et pRo ot o R S S DR

suiBRT RGeS tid AR bYuseAd LAhatERIsWT 8 Shunfdion Ryé1ot eampRODEMogTa, T,
materials containing Co as a principal conmponent,

Ws\idh AdSNi@adthe liksomn be @i, Awpaprals of eprofertive leyspiayexample, Cr, a Cr

CoNi Ni_Gr.Pt i Cr T '
R Qe I M o e R Ry R TR et
ex@1ié, M:Biald Yodkdwiith a1l hitkigae torapdsadaiperfiudrbpolyether (PFPE) and

non- magnetic layers (for exanple, C, C M, and CV)
subjeries t Bgabireptmenkifgeeded t o reduce noi se. [0065] As a

magnetic | ayer, enployed is a granular wwth a

structure in which magnetic particles, such as Fe,
EXXOMPL®Se, and CoN Pt, are dispersed into a nonmagnetic

| aver _conposedq.of a ferrite systemmterial, an
[Omﬁ%niﬁﬁPgmﬁif?%)systen1naterial, Sio2, BN or the like

i n agd} kol D td PrepBRMirg Type 1 of a die for forming a glass substrate, there was
used a die including plural grooves which radiate from the center of the die surface shown in Fig. 2,

on each of die surfaces of the upper die and lower die. Table 1 shows angle 6 formed between the
respective grooves, width of the grooves H, depth of the grooves d, cross-sectional shape, and area
ratio S, for the dies of Examples 1 to 13, where the area ratio is a ratio of an area of the grooves out

of an area where the die surface is in contact with the molten glass.



menti oned Co systemmaterial. Magnetic |ayers nmaybe
any one of an in-plane type and vertical type. [0066]
Asa net hod of forming a magnetic |ayer, a well-known
nmet hod can be enpl oyed. For exanple, a sputtering

nmet hod, a non-electrolytic pjating nmethod, a spin coat
nmet hod, and the like are listed. [0067] The magnetic

di sc_maybe further provided with a foundation |ayer, a
[006P1ot Eerthixgrapleai/dp 16 seprasaming Eyiei 2 a digyerformingp glass subptiate, there

oo e PSR ) RGP LS s e
cerii@béthe ik surfite shofvaunBigt3, omedchyfdic sutfades efthengiper di€nd ldvizer die.

Ta, Ti, WV, B A, N. and the_like can be ysed. As
Tabig e ghawsjinery! Lebefsyesh ester befPage purfaeenddbe fepipref themosinggr
i A
graovedsel cradsseationd! gepayiatdaren tafiqSyifet therdiesiof Bxemplesrip tos kg whére the area

perfl uoropol yet her (PFPE) .and ubj ect.ed to .heat .
ro R e B0V SRR e YSOUE] Ot it B ontactwith the
mokéd gll®r Exanples 1 to 13 representing Type 1 of a die
for formng a glass substrate, there was wused a die

[0078k | Hori Exgmplesit Alo 23 repossensing Ay afadicderdompnga glass sebsimie there

of t.he. die surface shown,in Eig, .2 n f_di
wog et A sl g B ke el s pemgfRo R8Ty By aranged
ab@ B Qerfler bOMEBE sirgicvaRWniNEg. IPeGRREH dAdR: seffaeyfihe wpbetidie and

of the grooves H, depth of the groove

d,
lover e Bebia ) BB gl of uF Sepresmens0, dstancp 1 ety cgater of
meg@{;e Jﬁ%@&%gﬁe g} %g gem@@ﬁ{e@hﬁ&ﬁg i ag,*rrésaoﬁssdeggﬁt@tﬁg fle

an are rooves “out ea whe
degstesgions 2(f, a0s-sectiohdl skapptand aremdatitnS tfrethewiestof Exaphplessi4 td 46, where the

0069] For Exanpl 4 tQ 16 representin ype.2 of a
are[a_raéw_fls]cﬂramfml b of By deprsSup oy ey Herete &%Ewm incontact
wifil e *&&h%ﬁ%@ghﬂh&é BhantHI QAN ERaebefichOhdi (Re e e dotionl shape

circles se centersare at a center of the die
to stecthugndar gloovn in Fig. 3, on each of die surfaces of

di | dj.e. bl i L Ly
10053 BTy S508 o Wlpeiing gt o SRR B VR e
sulfRe if¥ Rty i SRR patteih @O YBoved br ‘%ﬁk\mﬁ@ fdr BRhLEGP BFIct %6 and the lower

“nei ghbori'ng grooves, W dth the grooves H, depth of
di¢ he grooves d, cross-sectional shape, and area ratio

far, th ies of anpl es _14. t 6
002§ et P B e e e Tl B P i was
supblie@omb e Brst Hie sidabe Gulidflawer dics the mottanglas tvaypredied hodveen the first die
nolten glass. [0070] For Exanples 17 to

suifasg predsthegeconsl digsyefacs obthe yppgr diet o?orﬁ%léqﬁ%&%é%ﬁ egployed as a glass
meﬁé%'gf U Hefihe Ellas%rv@as pressed with the upper and lower dies for five seconds, the upper die
was removed and a glass substrate was released.  The outer diameter of the glass substrate was
about 70 mm, and the thickness of the glass substrate was about 1 mm.
(Example 23)

In Example 23, a glass substrate was manufactured similarly to Example 3, other than a
structure that grooves on the die surface of the upper die were not formed.
(Example 24)

In Example 24, a glass substrate was manufactured similarly to Example 8, other than a

structure that grooves on the die surface of the upper die of Example 8 were not formed.



was used a die enploying a pattern in which plural

circular depressions are symmetrically arranged about

the center of the die surface shown in Fig. 12, on

each of die surfaces of the upper die and |ower die.

Tabl e 3 shows dianeter dl ofjscircul ar depressions 20,

di stance LI fromthe center of the die surface, angle

01 forned bet ween nei ghboring circul ar depressions,
(Eﬁﬁﬂﬁ U2 of the depressi ons 20, cross-sectional

shapg, Ex%fh le% eﬁg.l&sé‘&db@tra% wisMhanh3ufdl Sl %&%&Hbl@ 2, %f’ner than a

to 16, where t area ratio1s aratio o an area of
struchuee thairgrcms&l onrtiee dieurfade ofl the aipjeea diglo€ Exanipheel 2diveze s fdimed

is in contartla with the nolten glass. In these

u

(ComparveexamPi€l) | ar depr essi ons had the sane

cr OSﬁré&ﬂﬁara%@éx RACa ss@m@os&ﬁsrvmmu%u%@wmy {o0kahble 1,
SUS310S was used for the upper die and the | ower die,

othgirthiant arseu@w\W@IaEgrp@m prit dig seifase ofdhe Ipweratis of Eixanipla § were not formed.
csane atterﬂ 9 grooves or depressions for each of the
COMBEHVEPE RS t he | ower die. [0072] After both of the
uppein Cirgpasfitle é}dﬁﬁlplecw\@ %laf@ sebsuae ®adraatuemtuedd sRRDy frkample 1,
nol ten gl ass was ied onto the first die surface
omermwuv@weﬂlaagreoveﬁﬁ@ geleswfce of e uppa disppd lowgr dieelxample 1
we{eﬂl%t die surface and the second die surface of
e upper die. Borosilicate glass was enpl oyed as a
(Cghgsgive aipld )l . After the glass was pressed with the

upper and lower dies for five seconds, the u r die
was FERPSRAERIXR ERHPE a3 Blas SESIrRIG as wchar@égﬁgﬁﬁwﬂﬂ%‘mle 17,
oth%ﬁra %m&g%&eg ﬁa%@glogl“%%m bf 4 Bm¥Ra e Ot 1 Izﬁlwas formed

of the glass substrate was about
at t]he cmter {nEixaind Iarear@i%lg plunal Eixaulep ﬂ@r@ﬁpnswngheab@susfmvmaﬁmcaﬂy about

was uf act red ot her
P P St oo g SBUBLT BYRTTIR TR e S Epaies Vet ToHR A el e di
surfcB oS GppBtdie. f OF msd. (Exanple 24) In Example 24, a

gl ass substrate was manufactured simlarly to Exanple

(E®juaietier than a structure that grooves on the die

S u ! %@5‘%‘8?% r}%gj& %c{s&g ﬁ%ﬁ%f% %EEBJ S%P ass s E%ﬂi%bgée? al%

epﬁﬂi%dfaﬂﬁy ﬁbﬁdhesglm bubkthaye; brdl a@i@ﬁ&h@ pilo}’)ert}O(bﬂﬂ&r gldshaubsteate when the

structure that grooves on_the die surface of .t he fpfp
glagy bsimteras ryitased iromyjbe lovisdic praie/raod oyt basdhen gisigpes of forming
SRS STH HLHP BHOTRLT d R St SR

glasd subgtitatervens rdiaabedg r adherel90 elreets lofglakis sutstiatésanee minufiveirddpaibstrate in
wlﬁcrﬂ%ogrgng%e?eréglase n%)t g\glrer%tecri] gtt allfvgars eva?uated as a symbol "A", a substrate in which
one forming defect was generated was evaluated as a symbol "B", and a substrate in which two or
more forming defects were generated was evaluated as a symbol "C". Tables 1 to 3 show the

evaluation results.



(Conparative exanple 2) In Conparative exanple 2, a

gl ass substrate was manufactured simlarly to Exanple

1, other than a structure that grooves on the die

surfaces of the upper die and |lower die of Exanple 1

were not forned. (Conparativg exanple 3) In

Compar ative exanple 3, a glass substrate was

manuf actured simlarly to Exanple 17, other than a
[0033} udele b t hat one depression with diameter of 1.5 nm

and depgt hof@nder was formed gt the center 1 nstead
of arrangi Ng pbed! | Widigbf abegiesressi ons. onithe dj e _
sur f aceAB afvgaggn%al gyoloa;@gqltgro&,bﬁi qmpl shgpey agate Eva;“&tlon
sur f acel HS |stigun the Braapl € @nfa) andtHRYr go o) oy gresult

not forjmed |on dj e surface of| t he upper |die.

%&I&ﬁa éan) val uam s P fo'%di e Reelagde Qrogesty ofB

ubsttate dr dgmowas [separat ed

way, f,rlom tlhhe ass triat nd Rectahgularel|ea
E? 1rztyr‘%f the gl asstb?abst r(g?zgaMengtdQée al asé'Gas A

-t gswas rel eabed) § rom g g | lovectagdaner e qqar i edp
I%(ll'j{] BL?’ sie 5on exLFste cg)sgf for'mmbng dE&fas¥e s guch as |a

n past|, chip, angygrackyggner REEEHAt He glass A
]EE{J aJIQS nhqgﬂrvpd ag)tgc::\r h?:wnl ass BK9Met r dt e was

E,@}ng&ged% Afterq 100| shiget s| of 35 assﬁ?ﬁﬂﬁg@l?rat es \er e B

manuf actureld, a substrate jn whilch £ ng ldefects
Blafpk® | 9gener ated at a.l5 waso.eoml uan\%CE?n A3 |sy el B
" A —a-substrate i-ntwhi-ch—+one—fornd ect—was
Banpleat ed0was e¥al uat € as| a0. $®Om |R d%g%‘?%fnd a 0.7 A
substrat-e—Ha—whi-ch—{wo—or—rore—f MRS gefects—werre
Bengpte® e@0was e¥al uat €d as a0$®(hbol 'gve?abl eleOQ tlo 3A
show-th evatvattonresutts—1i6 }f{& Ei-ld

Buaniplrd pP0 O( Ahgl e griooves Qieft hl o g@g of 182 A
Sectiongt _shape Area 1atT ol Eval ual TR tan@laPaS S|

Fyropled8| M0gr ooves d| of3Zr opvE40%5( p/ O)gr(;cgglult 8nggough B
the (MM center Exanpl €. A5 Hhvéhed- 0. 015
Eﬁé@f’lﬁﬁbul‘%r 3.64B grdbve 0.100 trapezoid groove| >0 A
Example 12| 45 4 05 | 0.100 V;ggggd 36 A
Example 13| 45 4 05 | oloo | O™ grwc;f)}vlgped 36 A
Example 23| 45 4 05 | 0.100 Regrtgg%g‘ar 36 B
Example 24| 90 2 3 0.100 Regrtf‘)g%‘;‘ar 109 B
Example 25| 45 4 05 | 0100 Vg'flggggd 36 B
Comparative Rectangular

example 1 45 4 0.5 0.015 aroove 3.6 C
Comparative| ) 3 ) ) _ C

example 2




Exanple 2 45 4 0.5 0.020 Rectangular 3.6 A groove

Exanple 3 45 4 0.5 0. 100 Rectangul ar
45 4 0.5 0.300 Rectangul ar 3.6 A groove

4 0.5 0.350 Rectangular 3.6 B nove Exanple 6 90 2
0.15 0. 100 Rectangular 0.5

0. 100 Rect angul ar

an—ar

7 Dove

3.6 A Exanple 4
Exanpl e 5 45

Exanple 7 90 2 0.2

0.7 A Exanple 8 90 2 3 0.100 Rte'

10.9 A Exanple 9 90 2 5 0.100 Rectangul ar 18.2

[OOM]grB@kEZ Exanpl e 10 90 2 5.2 0.100 Rectangul ar 18.9 B

A

VN f\ 4a NN

11
EE N

mallpl.. A3 T 3.6 A trap I
gr oove| kxavp &?@Cru%g S %ﬁq;%? 4 Sectjvadl sBaps @gi%so Bvaluation
Exanpl gL idm5 wfg; apeftraves A %S} b1 eresult
23 45 4 grﬁmﬁ Rect'\HA3u ar(m)ﬁ peﬁl::g\famwl e 24 Ogom 2 3
%qlﬁecg angul aljl 10| 9 B Exempjoe 25 I’A‘?“ﬂd:O 5 36200 A
ed oove 3.6 B | Conpariative) |ReREFAIAGIPYY 3 6 C
exai%wi 1545 4 O.? 0} 015 groodFOOCorrd@C’anm 1S9 A
e 2717 groove
Example 16| 10 3 2 0100 | Curveshaped | g ¢ A
groove
[0075] Table3
Distance | Angle N:uilzle;ff Diameter d]e)pigsﬂsligis Area ratio S Evaluation
() 0
L1 (mm)| 61(° depressions d1 (mm) (mm) (%) result
Example 17 20 45 8 1.5 0.1 04 B
Example 18 20 45 8 2.5 0.1 1.0 A
Example 19 20 45 8 5.0 0.1 4.1 A
Example 20 10 45 24 4.0 0.1 7.8 A
Example 21 10 10 108 3.7 0.1 30.2 A
Example 22 10 10 108 4.0 0.1 353 B
Comparative | - i 1 20 0.1 0.1 C
example 3
[0076] As can be seen from the results of Examples 1 to 25 and Comparative examples 1 to 3 in

Tables 1 to 3, a release property of the glass substrate after a press forming is enhanced and cracks

and scratches generated in the releasing operation can be suppressed, by providing a plurality of

grooves or depressions on a die surface of the lower die of the die for forming a glass substrate.

Comparing Examples 3, 8, and 11 with Examples 23, 24, and 25, it can be seen that providing

grooves or depressions also on the die surface of the upper die is preferable. Comparing Examples

1 to 5 with each other, it can be said that a preferable depth of the grooves or depressions is 0.02 mm

or more and is 0.3 mm or less.

Comparing Examples 6 to 10 with each other, it can be said that the

preferable width of the grooves or depressions is 0.2 mm or more and is S mm or less. ~ As can be

seen from the results of Examples 11 to 16, any sectional shapes of grooves of rectangular shape,

inverted-trapezoid, V-shape, curved-shape, and polygon exhibited preferable results.  As canbe

seen from the results of Examples 17 to 22, it is found that the preferable area ratio S which is a ratio

of an area of the plurality of grooves or depressions out of an area where the die surface is in contact

with the molten glass, is from 1 % to 30 %.




100741 Table 2 Nunber of Wdth of Depth of Area

I nterval concentric grooves H grooves d Sectiona
shape ratio S Evaluation L (mm) circles (m) (mm of
grooves (oho) result Exanple 14 3 11 0.5 0.100

I nverted- 16.2 A trapezoid groove Exanple 15 5 7 1
0.100 Rectangular 22.9 A grve Exanple 16 10 3 2

0. 100 _Curve-shaped 19.6 A groove 100751 Table 3
ngsmﬁgﬁlwber of Dianeter Depth of Area ratio
Eval uatld : depr essi ons dl
[O@pr&s?gén@?%%ég%%ﬁtganpl e 17 20 45 8 1.5 0.1
0.4 B bBaaplice 18 20 45 8 2.5 0.1 1.0 A Exanple 19
20 éié8 5.00.1 4.1 A Exanple 20 10 45 24 4.0 0.1 7.8
A npPRTSF 10 10 108 3.7 0.1 30.2 A Exanple 22 10
10 198 #QaRskf35.- 3 B Conparative 1 2.0 0.1 0.1 C
exanple 3 L_ 100761 As can be seen fromthe results of
Exanmp# eSedond die 98faghd Conpar ative exanples 1 to 3 in
Tabl?? to 3, a release property of the glass
substt at®%fter a press formng is enhanced and cracks
and s3r aopbegagenerated in the rel easing operation can
be sggpressed, by providing a plurality of grooves or
depr & sCasssubsirale di e surface of the lower die of the

di e r ' : anpari ng Exanpl es
3, 8?@a8%85%%%%Fﬁm%égﬁgpgggé%%agﬁgn%n 25, it can be
seens0 hatforpraton weonding pediaies or depr essi ons al so on
the die surface of the upper die is preferable.
Conparing Exanples | to 5 with each other, it can be
said that a preferable depth of the grooves or
depressions is 0.02 mm or nore and is 0.3 nmor |ess.
Conparing Exanples 6 to 10 with each other, it can be
said that the preferable width of the grooves or
depressions is 0.2 mmor nore and is 5 mmor |ess. As
can be



seen fromthe results of Exanples 11 to 16, any
sectional shapes of grooves of rectangul ar shape,
i nverted-trapezoi d, V-shape, curved-shape, and pol ygon
exhi bited preferable results. As can be seen fromthe
results of Exanples 17 to 2234 it is found that the
preferable area ratio S which is aratio of an area
of the plurality of grooves or depressions out of an
area where the die surfac&UAM% contact with the
nolten glass, is from1l %to 30 % 18 REFERENCE SI G\S
LI ST [0077] 10 Die for formng a glass substrate 11

1. LoweA diH fer fbZnihjppglassdutstrat8 cdrasisindi e surface 14 Second
die surface 20 G ooves 23 Mdlten glass 24 d ass
subsHYUPPEF 98 ass substrate for an information
r ecoy gisRggigedi um 50 Information recording medi um 19
CLAIMS 1. A die for forming a glass substrate
conpwhetin ghe diefor foppiag a glass substiaie & atlepiwsito picssingumimdiere glass and to

t die for form.ng a_.glass substrate is adopted to
maB‘lt‘]fg@%rF A éwt?sgrﬁte &?r%g @f%mgwewﬁﬁ?ﬁmﬁ%%ga gl ass

Substne ffwker i@ CorfptiskdH @E STRfabh W}ﬁ&ﬁﬂﬁrﬁl% a@%bm or@igtedsiaos are

| ower die conprises a die surface on ich a plurality

formed gmostwadoroly. depr essi ons are forned al nost
uniformy. 2. The die for form ng a gl ass substrate of
claim1, wherein the plurality of grooves or

2. depr ghsdions fouhbghelaeabitatcof daem Bf a pattern incl uding
a plurality of circles whose centerf'are at a_fenter
of t Whergindhe @g@l%@’%g’roovw or depressions are formed into one o

a pattern including a plurality of circles whose centers are at a center of the die

surface,
a pattern in a radiate shape which starts at the center of the die surface, and
a pattern including a plurality of regular hexagons.

3. The die for forming a glass substrate of claim 1,

wherein the plurality of grooves or depressions are formed into a pattern including a

plurality of circles whose centers are at a center of the die surface.

4. The die for forming a glass substrate of claim 1,
wherein the plurality of grooves or depressions are formed into a pattern in a radiate shape

which starts at a center of the die surface.

5. The die for forming a glass substrate of claim 1,
wherein the plurality of grooves or depressions are formed into a pattern including a

plurality of regular hexagons.

6. The die for forming a glass substrate of any one of claims 1 to 5,
wherein the plurality of grooves or depressions are formed into a pattern in a rotationally

symmetric shape about a center of the die surface.



a pattern in a radiate shape which starts at the
center of the die surface, and a pattern including a
plurality of regular hexagons. 3. The die for formng
a gl ass substrate of claiml1l, wherein the plurality of
grooves or depressions are fgynmed into a pattern
including a plurality of circles whose centers are at

a center of the die surface.. 4. The die for fornmng a
7 gl s Shadip &r foapipedrelesy st Of wisne PFFIEmS BMrality of

gr oo o r . » 9]

o e R B R RIoB s DBt (RS R iy Bnéshape of
aretanfdaanvesed Fipezad, &/ shape, fwvadishapezand balsgonsubst r at e of

claim1, wherein the plurality of grooves or

depressions are fornmed into a pattern including a
8. Pl ur @hd &y fop formBigalghiks ABAABAREny die ofldkemsll & £, 0r form ng

a gl ass substrate of any one of clains 1 to 5, wherein

t he phercialtherpjurdity efr asepyessor deprersionsease §. ohmumpgr encrggnghare 0.3 mm or
lesi'ntotﬁ‘ pattern in a rotationally synmetric shape

SalBgﬁ? ‘a center of the die surface. 20 7. The die for

form ng a glass substrate of any one of clains 1 to 6,

wherein each of the plurality of grooves or

9. depr ébedipfs fminga slspubstaeof e Af daesdfhe of a
t i i
S hap e Hepl K FOE ik AREFR ps o PIRARF o iAfE KREhre 5 mm orlss

inwidstrate of any one of clains 1 to 7, wherein the
plurality of grooves or depressions are 0.02 nmm or
nore and are 0.3 mMmor less in depth. 9. The die for

10f or ml"HQdi@ﬁcQ If(ﬁﬁ&lg%%l?a% §uBlteiter aRfOhe BPQaitk 16 @i M8 1 to 8,

wherein the plurality of grooves or depressions are '
0. 2 mirerein amarce ofthaiplarabty 5f gmoes ot depressidng withig ah ared @herd the die

i e f 1 I . | ai
s i itonigRL e S 51175 Har arp 10y OEFSgr B P58 Wi e
diclBAER &S BRtEacvithihe ridRerp) @8 Where the die surface is

in contact wwth the nolten glass, is 1 %or nore and
is 30% or |less of the area where the die surface is

in caontac ith t I - i for
Iy orm %gig%oé}%é?g}' gsa[%afy%%ugdﬂ:o ﬁ@egﬁga@gqé gﬁms lto
10, whefelithe pper dipipeiided b dicistrfice oiewhigh 8 plaratityrof gilwevesor depressions

which a plurality of grooves or depressions
are formed almost uniformly.

12. A method of manufacturing a glass substrate by using the die for forming a glass substrate
of any one of claims 1 to 11, the method comprising:

a molten-glass supplying step of supplying molten glass onto the die surface of the lower
die in the die for forming a glass substrate; and

a pressing step of pressing the molten glass supplied on the die surface of the lower die
with a die surface of the upper die in the die for forming a glass substrate, while cooling the molten

glass, to obtain a glass substrate.

13. The method of manufacturing a glass substrate of claim 12,
wherein the glass substrate is a glass substrate used for manufacturing a glass substrate for

an information recording medium.



are formed al nost uniformy. 12. A method of
manuf acturing a gl ass substrate by using the die for
form ng a glass substrate of any one of clains 1 to
11, the method conprising: a nolten-glass supplying
step of supplying nolten glags onto the die surface of
the lower die in the die for formng a gl ass
substrate; and a pressing step of pressing the,nnléfn
14.91 as4 maghadiof menpctyring aglags sybsiratg dor ap fiorpationggropding edium, the
| 6. surface of the upper die in the die for
e 8?§?ﬁ§g§%g|ass substrate, while cooling the nolten
gl assstep af polidhingn ghsgdubsimtesnensfactated by thd meftiod ofmérudadtugfiig a glass
manuf acturjng a gl ass substrate.of claim12 erei.n
SRR Off LR | Ry & B2 e Gn o] s digmedium.
manuf acturing a gl ass substrate for an infornmation
recording medium 21 14. A nmethod of manufacturing a

15.g] as4 maiisstof ataeufheringan infiroetin reendingoedivndee metbed pemprising:

th t hod i si ng: t L shi | .
Subs FPEng SRt ot s MR Eor Bt ol ERR
mafufdé@ssby B Rhb@bAmaufeluahda dids sibdtrdi@forhriafothation r@bdis

substrate for an information recording nmedium 15. A
megdipf@laist 14vimmmadaciag asgniamnation eerding 8iediv@e or di ng

medi um the nethod conprising: formng a recording

| ayer on a glass substrate for an information
161 econdilagsubiEehita for anthfotnhaaioh tec@dinpynetiinm, neddfatiralby the method of

manuf acturing_ a gl ass substrate for an infornmatjon
mane%erwmg@gglasmmgﬁ fox mevfamuqu{ewremﬁﬁwgmaf G L‘L

i nformati on recording nedium 16. A glass substrate

for an informati on recordi ng medi um manuf actured by
17t he mmtitiforhatibn renerding aediumi cogrpasing: ass substrate for an

i nformation recordi nmedi um of claim 14.. 17.

| of Rt BIPHE A g SRR RGctin 16 s

SUbst bRt Blm AAMENGPRORERQILIIRGREMUBErafgedi um of cl ai m

16, and™ a magnetic filmfornmed on the surface of the
gl ass substrate.




