MOLDING DIE, INTERMEDIATE MEMBER, AND METHOD OF

MANUFACTURE OF SUBSTRATE BACKGROUND OF THE

INVENTION 1. Field of the Invention [0001] This invention relates to a

molding die for manufacturing a substrate for an information recording
MOLDW&diuDt EnstaletE RMEBIQTE MEEVMBER [eeNDingE 0t DU BACTURE OF

external storage device for a computer, as well as an intermediate

member manufactured using sGBATRAMMNg die, and a method of

manufacturing a substrate from the mtermedlate member. 2. Description

of the Related Art K dNVENTHANe prior art,

aluminum (Al) has typicall been used as the substrate material of

1. nﬁbﬁé@c&t&&@&%@g&%y covering these substrates with a nickel
Itgggg phorus (P) plated layer have been employed. However, because
m disk substrate materials are currently required to have

Sﬁ%ﬂe?mfﬁ%’p% tes (?ang RBIY dgorm%gwam%@ea%mg

substrates, which are h| not easi even during

a subgRIEPESOFEIARPN. BIFOMRRR NSYCruel PERAYRRSSI ImPaTiisdieal led in

there is an increasing demand for glass substrates primarily for use in
var ivagnebg diskide vicasdpd innpildappbedticnsc H0883 AN dhka ethes hastorage
in the past magnetic disk devices have been employed in information
devip@dbiots far bomeutss; anaigshesd 1 as an iIntermediate member

manufactured using such a molding die, and a method of
manufacturing a substrate from the intermediate member.

2. Description of the Related Art

[0002]

In magnetic disk devices of the prior art, aluminum (Al)
has typically been used as the substrate material of magnetic
disks. Disks formed by covering these substrates with a
nickel (Ni)-phosphorus (P) plated layer have been employed.
However, because magnetic disk substrate materials are
currently required to have shock-resistance properties, there
has been a mounting demand for glass substrates, which are
highly rigid and not easily deformed even during high-speed
rotation, and which have high smoothness. In particular,
there 1s an increasing demand for glass substrates primarily
for use in magnetic disk devices for mobile applications.

[0003]

On the other hand, In the past magnetic disk devices have

been employed in information products for home use, and there
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1 has been a need to secure supply volumes to match the large demand
for glass substrates. Moreover, there are demands for further reductions
in the cost of glass substrates. In order to satisfy these demands, glass
substrates are mass-produced using press molding. In press molding of
has gless sabsicaigstdirsdee piassupplbyialisheaied tocloaedd ththe large
softening point, and pressure is applied using a die to mold the material.
demambleftre glkassubsistriatesled iMaremtiag , pidvess. Bugnglengnds for
cooling process, because of the difference in thermal expansion
Turtpedtiisiedtscditpagdy FigefashdhedlessesWwhpldsatasiding therder

glass material is easily released from the die for press molding. By this
o SRELREYInENSISS SRPARds is RlEsRPHORtha RS i@ fetaSRoRlfpuced
%strate majded to the des"rgd sha(?f is ;0btaine .£0005
[
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molding die. On the other hand, at the center of the glass material, the
matediifetenceTingherohr) aphirestigubsivvesre thisglass heateiial anadtded ing

press molding die is small. Hence at the center of the glass material, an
procassquatdueieage titiest canddiige prizdesbypbecosse. dlirtize, when
diffgﬁgﬁce in thermal expansion coefficients of the glass
material and the die used In press molding, the glass material
is easily released from the die for press molding. By this
means, the glass substrate is released from the die for press
molding, and a glass substrate molded to the desired shape is
obtained.

[0005]

However, when a die for press molding is used In press
molding of glass material into a thin plate shape, because of
the large relative position shift between the glass and the
die at the outer periphery of the glass material during
thermal contraction, the glass is easily released from the
press molding die. On the other hand, at the center of the
glass material, the difference in thermal contraction between
the glass material and the press molding die is small. Hence
at the center of the glass material, an adequate release

effect cannot be obtained upon release. Further, when press

molding into a thin plate shape with a large deformation rate,
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molding into a thin plate shape with a large deformation rate, 2 an

extremely high pressing pressure is applied to the glass material, and so

at the center, where an adequate release effect is not obtained, there is

the possibility that the die surface and the heating-softened glass material
an exeyenidna Hgle giitght idbepposHanee idleapp dithe glasthwteyialss

from the surface of the die for press molding becomes difficult, and not
matesnls Hpesnbe smtaiialttead centiaere, Woe nepcrebeteguate ised ease

concern that the glass material may be cracked. [0006] In order to avoid
effegich srobfdn ok abpadesd Paréht Laidg drogs 1oddtathatdiene die

surface sheﬁe is disclgsed in which, by providing such_elements as a step

surfasoAngrotie, Bratdigh sREtsRPdLAlas R AHREE Rty Rker

sha f.th moldlng die, release qf the gla aterl from the
Statgress r&]olgﬁlg §ﬁ %romotedﬁmweve?(ifg? %eeq cc?ﬁﬂgu?at% O aR sc'Fose%”al

fron PGPS ANOPERN T RO LIRS IndifTh e dEp g raction

of the ass material occurs In the cooling process after press mo dlng a
difriéen P@!“%@f R as EyorTaRE O e instda-ehihewdindn erleidadreedgut

thermal contraction, and so there is the possibility that on the periphery
uponofrideesige perireorisimdacohibegiasheetaia g pagonmitbe dassmay be

material may thermally contract while being constrained on the inside of
cracteddie. Hence there is a concern that tensile stress may occur in the
interior of the

[0006]

In order to avoid such problems, In Japanese Patent Laid-
open No. 2003-26431, a die surface shape is disclosed iIn which,
by providing such elements as a step portion, groove, and
rough area with surface roughness in the surface shape of the
press molding die, release of the glass material from the
press molding die is promoted. However, for the configuration
disclosed iIn Japanese Patent Laid-open No. 2003-26431, when
thermal contraction of the glass material occurs in the
cooling process after press molding, a step portion or similar
is formed on the inside of the die in order to impede thermal
contraction, and so there is the possibility that on the
periphery of the step portion or similar of the glass material
a portion of the glass material may thermally contract while
being constrained on the inside of the die. Hence there is a
concern that tensile stress may occur iIn the interior of the

glass material. |IT tensile stress occurs in the interior of

the glass material, the glass may crack easily, and there is
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glass material. If tensile stress occurs in the interior of the glass material,
the glass may crack easily, and there is 3 the possibility that the shape
proposed in Japanese Patent Laid-open No. 2003-26431 may induce
glass cracking. [0007] In Japanese Patent Laid-open No. 2002-338275, a
the p@ssibbliny Mdihed theissloape Whidpeswibyena Jegbaieesentzerent
having a horizontal press molding surface, and a second die member,
Laidrayirg aNores2 003ing43Hfavawitnashapg hasimgcr aapdied surface
such that, as a result of molding, the glass material becomes thinner in
mbY7Hom the center toward the periphery. In the case of this method,
the thickness of the press molded glass substrate becomes thinner in
mbQindAPaReRR EREPE e hOBERpAGy, S0ttt mittar the @ Press
component, in the direction of contraction of the glass material due to
LR R O SR M e v g el
haviﬂgh&%%ﬁsi Wﬂ\frﬁi’é&e RIEFS mgd_wﬁagéie_%ﬁoasathge%%%&% die
material contracts, there Is also contraction in the direction causing the

memb@lASS RAIFHY 18 Reréelganed & i’ﬁ}gt@tﬁ*'?é@epr\ﬁiﬁn%{d'@gaﬁé heRsiflg a
a

mold release of the glass material from the press molding die becomes
tapeeagy. siaveuss, bediespato/diag surfees ol thefasodd iligynetherdisss

a tapered shape, and so one surface cannot be used as a substrate, and
matesuchl slistates akhlimited torapplivatighsfwiom spbeacsindpexs. 108087d the
periphery. In the case of this method, the thickness of the
press molded glass substrate becomes thinner in moving from
the center toward the periphery, so that within the component,
in the direction of contraction of the glass material due to
thermal contraction, there exists a component in the direction
of release of the glass material from the press molding die.
Hence as the glass material contracts, there is also
contraction in the direction causing the glass material to be
released from the die for press molding. As a result, mold
release of the glass material from the press molding die
becomes easy. However, the press molding surface of the
second die member has a tapered shape, and so one surface
cannot be used as a substrate, and such substrates are limited
to applications with special shapes.

[0008]
In Japanese Patent Laid-open No. 2003-81650, a method for

press molding of glass material is disclosed to manufacture a

substrate press molded from glass material by a press molding
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In Japanese Patent Laid-open No. 2003-81650, a method for press
molding of glass material is disclosed to manufacture a substrate press
molded from glass material by a press molding 4 die comprising a first die
member and a second die member; the molding surface of the first die
die venhasd fgmedfividst Hészomabapldingisarfaetencottitiemember; the
substrate, and a concave portion to form a step portion is provided in the
mo I dinoftisg sficfaee ofthehsecbnusiie di@mbenie thd dieflormedssvndidiag
used in this press molding method, the bottom- side edge portion of the
horigemseak e 6H BEtHRLY die mekbekhRsstReiid ourad@rer
which is larger than the radius of curvature r of the glass material
CONCHYSIAREHERR A tOn T Weingtary IR THEGIaks ReeMAAReh My the

second die_member. By this means, at the time of press molding, air.does
LGLL Rl £l A O ety R Tk i oo

pres% B i Cﬁé’é&irﬂ?*ﬁ%wﬁfgégiﬁ&ggsﬁg%eﬁ%&pEF?ésﬁgttom—

In Japanese Patent Lai e’removal area

sideC@dyalepbiord SANGF NeleiNcd ALBRIEIB OPIIBR] BY 9idiRgeksg die

material is formed to be a thick portion, while the disk area which
membkinchiers as el ireordifgcoediate made Wik cBy kakizg-wrethenedthe

portion of the substrate obtained by molding glass material a thick
radipsrtiof, and g toadang thoef otitver pdrgsbernatieithkckgtarpod @dtiegwhased

the glass material is cooled in the cooling process after molding, the
on the wetting angle of the glass material with the second die
member. By this means, at the time of press molding, air does
not intrude between the glass material and the bottom-side
member, and the occurrence of air pockets within the glass
member is suppressed.

[0009]

In Japanese Patent Laid-open No. 2004-71004, the removal
area equivalent to a center hole iIn a substrate obtained by
molding glass material is formed to be a thick portion, while
the disk area which functions as the recording media Is made
thin. By making the removed portion of the substrate obtained
by molding glass material a thick portion, and by making the
outer periphery of the thick portion thin, when the glass
material 1s cooled in the cooling process after molding, the
degree of advance of cooling is different iIn these areas.
Hence the degree of contraction is different in the thick

portion and in the outer periphery thereof, and so tensile

stress occurs between the thin portion and the thick portion,
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degree of advance of cooling is different in these areas. Hence the

degree of contraction is different in the thick portion and in the outer

periphery thereof, and so tensile stress occurs between the thin portion

and the thick portion, 5 and cracks ultimately occur therein. When cracks
and eogcutkieu hidknpediby coceasilyereimyvediven thesokstraeanq the

result. However, the thick portion described herein has a substantially
thickylipdritdicshapen aadsoldurivg mendiwethefeas tid@ossibiityrtibeans a

may intrude between the glass material and the die. Further, in order to

resudduse HAYRY RS ocElEb&NEE PR EKERDARSCEADEE RV PARIJMAS 8

molding, the glass_material is rapidly cooled; but if the. glass material is

substaH 2B CHHGFGRL APk fhiSforttagidoddang wioere

. ubstrate,. there s th ossibility tha ungula ions in the surface ma
is G ROSSIBIEL Fa08 ST Ray, e e e T AR

mate PPN G0 tHk T4 i%i[‘veftiiﬂl’#{é? deyisegpindhe ¥onif e ;ﬁg&r%g%i to

described circumstances, and has as an object the provision

occutepBiqisefligleemeRiiek, FUHPRIPGAN MAVIRFHANG GRS Al fter

which the intrusion of air bubbles between the substrate formation

mo I diha¢griatiaedgilassoite: dikadurintg majsiad s sgwlesseh@ndifhiche

facilitates release of the substrate molding material and the press molding
glasdierevearinatle tenteapbelon ciabdergldilyen stresses occur in the
interior of the disk area of the substrate, and there is the
possibility that undulations in the surface may occur. Hence
there may be a need for planarization treatment after press
molding.

[0010]

This invention was devised In the light of the above-
described circumstances, and has as an object the provision of
a molding die, intermediate member, and method of
manufacturing a substrate, in which the intrusion of air
bubbles between the substrate formation material and the
molding die during molding is suppressed, and which
facilitates release of the substrate molding material and the
press molding die even in the center portion of the molding

die after the molding process.

SUMMARY OF THE INVENTION

[0011]
A molding die of this invention is a molding die for an

intermediate member used to manufacture a substrate having an
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die after the molding process. SUMMARY OF THE INVENTION [0011] A
molding die of this invention is a molding die for an intermediate member
used to manufacture a substrate having an 6 aperture portion and a disk

area, and is characterized in that the intermediate member has a removal

aperagpevbichtiyheigd remaiek kaceomesdhd apericihapadsicey inddhdn that
disk area; the molding die has a disk area molding portion which molds
the thetdiskenieéatandeanbmovhbarea mehiingoriveaviibi aiojdbyhdoeing
removal area; and the removal area molding portion comprises a
remoy&ittinuUdes @BRtatd SuARES BURNPOLPPrBY ARANERS OhdliRy) 8RR ofthe
this invention, because the removal area molding portion comprises a
mo lddgigirflbesRaRcave kelirESR e Winish RRY MU M ARG Hstekae
di kis rr'lolded an inteifmmediat m?mbanisl anufactu'[%d irll,lwhhch %rem?\éal th
'S al%ae%Om%ngin% 4 EORRto L EhVER Stikale r:f)((%rtlo'nois fOM&R Hense e
n ing [ 0 heyr e r.mo
rem e et on oV B cartey Tkag Ho R b Pises a

contiifRiesliaigpavdes g drerpegiamember undergoes thermal

contraction in a direction having a component in the direction of release
frgp@aiemolding die. Further, even when the thermal contraction due to

the cooling process is small, releasing action throughout the entire
midydimgangacd obatheorhdidigy dieecanfeddiiyha obaineron, because the

removal area molding portion comprises a continuous concave
surface portion, when the substrate molding material i1s molded,
an intermediate member is manufactured in which a removal area
comprising a continuous convex surface portion i1s formed.
Hence when causing the intermediate member to be released
after molding of the substrate molding material, by cooling
the removal area of the intermediate member, the intermediate
member undergoes thermal contraction iIn a direction having a
component in the direction of release from the molding die.
Further, even when the thermal contraction due to the cooling
process is small, releasing action throughout the entire
molding surface of the molding die can easily be obtained.
Further, air does not easily intrude between the molding die
and the substrate molding material.

[0013]

Further, an intermediate member of this iInvention is an
intermediate member used to manufacture a substrate having an

aperture portion and a disk area, and Is characterized in
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Further, air does not easily intrude between the molding die and the
substrate molding material. [0013] Further, an intermediate member of
this invention is an intermediate member used to manufacture a substrate
having an aperture portion and a disk area, and is characterized in 7

hav ihayiag pereovevhl areawhichchy beindxeiney ecehecenigsiiee careasturhe
portion, and the disk area, and in that the removal area comprises a

apergontiuoas toonex aodadipordivsk [GE0eid ,Byntans dfhatintimediateoval
member of this invention, because the removal area comprises a

areacGRRbLSRDnReLNFALLI PHFIGOIVSRH RIEIARE tIROIRtd@Rediate
member_after the substrate molding material has been molded, by cooling
thEOPfdval area of the intermediate member, the intermediate member

u%der ogséherjipal corgtrq cét},orﬁlein_a ierecr%ieorhhe}yir(l) atﬁ(amp?nenti Iih(lgl
dirdctlonOrTeRasd ol 1 mo(iicfiﬁg did °F ﬁher, even Wheh e Théhal

becat%%gl:g i@”f&fﬁo@é%&?%%”%dﬁfﬁ%i%? Sén@br'i l?ﬁﬁ@@sacéif?ﬂv. X surface

out the entire molding s the molding die can easily be

portidiineghdrireredls Hegs €196 SRAEIATEE T DESVRRMEM MRIHBY tighe

and the substrate molding material. [0015] Further, a method of
subseatéactisy bl aguhsttateic! Ehisaimvesten isodithrdctebyed doBavigg ehe

step of manufacturing the above intermediate member by using the
remostodveamneddiod diehe Intermediate member, the intermediate
member undergoes thermal contraction in a direction having a
component iIn the direction of release from the molding die.
Further, even when the thermal contraction due to the cooling
process is small, releasing action throughout the entire
molding surface of the molding die can easily be obtained.
Further, air does not easily iIntrude between the molding die
and the substrate molding material.

[0015]

Further, a method of manufacturing a substrate of this
invention Is characterized iIn having a step of manufacturing
the above intermediate member by using the above molding die
to mold substrate molding material, and a step of forming an
aperture portion by removing the removal area from the
intermediate member.

[0016]

By means of a method of substrate manufacture of this
invention, an intermediate member having a removal area

comprising a continuous convex surface portion iIs manufactured
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to mold substrate molding material, and a step of forming an aperture

portion by removing the removal area from the intermediate member.

[0016] By means of a method of substrate manufacture of this invention,

an intermediate member having a removal area comprising a continuous
usingprvexcslfasg poitomis hagutacheadva Lisingea masdiddste peyiogen

removal area molding portion comprising a continuous concave surface
comppdisidngsa tieanttericassiagnbaveesuediacemeortiarao beselekzati when

after molding of the substrate molding material, by cooling the removal
causdirg bhthelinlereemtkateeMeBPeke TRehfedigkementba TrIErGding

thermal contraction in a_direction hayving a component in the direction of

of thie APRENARE MUY WeMIBRIARE el for0d ERRuIthRodRRgval area

herma contragclio releasing action is. egsirl)(no tainted across the entire
13Fp ke :

of t‘rﬁ%laﬂﬂg%ﬁmg .'% "o ing |e.eFu'rﬂwer,W r'16r‘noeIdW1egm[ &'supef§fedoes

ther%@pi%dﬂ?ﬁéﬂB)nmi"‘ﬂuéi”‘g%?é@ii%‘ﬁ?ﬁﬁ@@@”&”&%ﬁ‘éﬁﬁi’i&%s Lthe

readily intrude between th strate molding material and the molding

di re@®idnd ¢ the PeaLECHIR Rl tRehBTaIF il ediPdhe MHHEE ileven for
bubbles into the substrate after molding can be suppressed. [0017]

a smalihemdus preferagie el Ihe confinustiborocard esigiang pertidom e

removal area molding portion of the molding die be a spherical surface. If
easithg abtiatoes canemss the entire molding surface of the
molding die. Further, when molding the substrate molding
material to manufacture the intermediate member, air does not
readily intrude between the substrate molding material and the
molding die, and so the occurrence of flawed items due to the
intrusion of air bubbles iInto the substrate after molding can
be suppressed.

[0017]

Further, it is preferable that the continuous concave
surface portion in the removal area molding portion of the
molding die be a spherical surface. |If the continuous concave
surface portion is a spherical surface, then manufacture of
the molding die is facilitated.

[0018]

Further, i1t i1s preferable that the thermal expansion
coefficient of the material constituting the molding die be
smaller than the thermal expansion coefficient of the
substrate molding material. By this means, when releasing the

substrate molding material from the molding die, the direction
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surface portion is a spherical surface, then manufacture of the molding
die is facilitated. [0018] Further, it is preferable that the thermal expansion
coefficient of the material constituting the molding die be smaller than the
thermal expansion coefficient of the substrate molding material. By this
of theansalwbenteiaetibgrihe fsullsyatibwitingenatelidifmgmnibeerdldingis
die, the direction 9 of thermal contraction of the substrate molding material
rel igblgliadrdicdeted imthehdirattivack releasd froad tase ooy dibeg000dp 1ng
_Further, when the concave surface portion of the removal area molding
die.portion of the molding die is formed from a spherical surface, it is
preferable that the shape of the substrate molding material when
on the molding die prior to the molding process be a spherical
S?i ndmahme dius of curvature o meSMBumemo@mgwmmnm

pl‘l r%oldlng 5& sma‘ﬁe?%a%amg rAdLS B euRAGEC B concav%moval
area moltﬁﬁft'ﬁ.%finﬂﬁ@%%%‘?ﬁ% TR b S s
sphe? ieQl¥ing e tthis Wei‘ﬁo?ﬁéﬁ'?’dl?ﬁ‘sﬂﬁa%” tHermaedipie BeMies

rom the molding die, thermal contraction occurs in a direction having a
substamapeneiibdihg material when positioned on the molding die
prior to the molding process be a spherical shape, and that
the radius of curvature of the substrate molding material
prior to molding be smaller than the radius of curvature of
the concave surface portion. By this means, air bubbles do
not readily intrude between the molding die and the substrate
molding material.

[0020]

By means of a molding die of this invention, when
releasing an intermediate member from the molding die, thermal
contraction occurs in a direction having a component in the
direction of release of the intermediate member from the
molding die, and even when the amount of thermal contraction
in the cooling process is small, a releasing action is easily
obtained across the entire molding surface of the molding die,
so that release is easy. Hence adhesion of the substrate
molding material to the molding die in manufacturing processes,
and the occurrence of flawed i1tems such as due to cracking of

the substrate molding material during release, can be

suppressed when manufacturing intermediate members. Moreover,
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direction of release of the intermediate member from the molding die, and
even when the amount of thermal contraction in the cooling process is
small, a releasing action is easily obtained across the entire molding
surface of the molding die, so that release is easy. Hence adhesion of the
rel esgBigid otk viatersalibs tharwidiod dint mateketitlingnd the
processes, and the occurrence of flawed items such as due to cracking of
mo I dihegs ubktrates nwiding Imatsnaltdhath gnahesezc tar beg sppoessse s/henoceed
manufacturing intermediate members. Moreover, 10 releasing between
moretheafii@didie ATHIbiAg MekE ka0t eCatblBiRgRIeLIsiagoIM) kshihgnables
_manufacturing processes proceed more rapidly, and a molding die can be

an IRCRRRERNHUHADIET JRTRERGEQ RSNt OP plocdktiBn pef kAR time.

. Also, intrysion of air,qubbles within the substrate molding material is .
|ntr&§|bn OHSaJ §%f hen %pe %J@E%qgf%f%%?ﬁi?g material

ppressed, 'th (ﬁain\ﬁl e tan be provi hic

is sﬂﬁﬁ?ggggﬁgigﬁmeg¥n3"@6*3% Meih Qﬁuﬂgaﬁﬁﬁyq g&”*ﬁr which

suppressed. , a molding die can be provided for when molding

the bERHISERRMOIITY MRlArFasiops Babseditdtislerelvesring can

substrate molding material and the molding die, and the occurrence of
be filawee itegmgppiectosaurusiomer,aiabublliesngtodie coamleledsubsidisd for

is suppressed. [0021] Further, by means of an intermediate member of
wh i cthis vilneamtion ] dpog rdibass tes€ isttermal demgactaben ea bireation does
having a component in the direction of release of i i
not readily intrude between the substrate molding material and
the molding die, and the occurrence of flawed i1tems due to
intrusion of air bubbles into the completed substrate is
suppressed.

[0021]

Further, by means of an intermediate member of this
invention, upon release there is thermal contraction iIn a
direction having a component in the direction of release of
the intermediate member from the molding die; moreover, even
when the amount of thermal contraction iIn the cooling process
is small, release action is easily obtained over the entire
molding surface of the molding die, so that the intermediate
member is easily released from the molding die. Hence
adhesion of the substrate molding material to the molding die
in manufacturing processes, and the occurrence of flawed items
such as due to cracking of the substrate molding material

during release, can be suppressed. Moreover, releasing

between the substrate molding material and the molding die is
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the intermediate member from the molding die; moreover, even when the
amount of thermal contraction in the cooling process is small, release
action is easily obtained over the entire molding surface of the molding
die, so that the intermediate member is easily released from the molding
smoodie, Heoce hadhesigruFbibeatbst afa-ooidise sngevadedheviedingiely ,
in manufacturing processes, and the occurrence of flawed items such as
and ane increeksgobfane sobswdtepmodiratmartenz: rduwinttretdase, tan be
suppressed. Moreover, releasing between the substrate molding material
possdkd the mbkiifg dEErLUSIRBOMT s8 thabwaRdRS Y Yo cEbsesubstrate
proceed more rapidly, and an increased amount of production per unit

mo lding iDGFRERA. AiSo SHBRERFISH Gilhaih 8O MAh aHENS Ry RE rate

moldin aterigl is suppressed when molding the supstrate moldin
Tt Tl declit st S e o v o

thatOidh E%@Féﬁé@bﬁtﬁ‘tﬁﬂ%%ﬂa?%iﬂg §An 8 k%lepéel.segeﬂf’;\ﬁéﬁgiéturing

means, the occurrence of flawed items during substrate manutacture can

can be iy meeeerpsedp0@23ld Wi sy MRans i @rreitd e UPpHRER)

manufacture of this invention, upon release there is thermal contraction in
items ditaciing havigreseapeasnFincbe irection ioé refaetth et teippressed.

intermediate member from the molding die, and even when the amount of

thE@®2RPdontraction in the cooling process is small, release action is

easily obtained over the entire molding surface of the molding die, so that

tHeuhEigediddy means of a method of substrate manufacture of
this invention, upon release there i1s thermal contraction iIn a
direction having a component in the direction of release of
the intermediate member from the molding die, and even when
the amount of thermal contraction in the cooling process is
small, release action is easily obtained over the entire
molding surface of the molding die, so that the intermediate
member is easily released from the molding die. Hence
adhesion of the substrate molding material to the molding die
in manufacturing processes, and the occurrence of flawed i1tems
such as due to cracking of the substrate molding material
during release, can be suppressed. Moreover, releasing
between the substrate molding material and the molding die is
smooth, so that manufacturing processes proceed more rapidly,
and an increased amount of production per unit time 1is
possible. Also, intrusion of air bubbles within the substrate

molding material i1s suppressed, so that the occurrence of

flawed i1tems in substrate manufacturing can be suppressed.
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member is easily released from the molding die. Hence adhesion of the
substrate molding material to the molding die in manufacturing
processes, and the occurrence of flawed items such as due to cracking of
the substrate molding material during release, can be suppressed.
And , Menegvenorddasing Hietwabs thrasebsicld ing dingteaiib] and theloes not
molding die is smooth, so that manufacturing processes proceed more
readmbidiyntindds inetezsed abheursd praduotiongdet Lmgs tinad & pabsibiel the
Also, intrusion of air bubbles within the substrate molding material is
mo lddshredsed, 59 thastkhethr uperes rneavafitdfhawedusdese due to
manufacturing can be suppressed. 12 And, when molding the substrate

INtryRking Hacendl, BRibsHiot TEdfPRRA LSt irebR HetEhsthse

su mé)lsdirel material and the molding die, so that the occurrence of flawed
PP{&ERZ A e to intrusion of air bubbles into completed substrates is

suppressed. BRI RESCRIPTAPNREGHERRAMANFR0048] Fig. 1A
is a cross-secti of the

inpepliyyy Fig. IB is a plane view of a molding die; Fig. 2 is an enlarged

cross-sectional view of principal portions of a molding die in an

embgdimentiaf the dnestose it Gfalb /@sscskciondhddw@i@ie in an

molding die and glass material, when the glass material is placed on the
embonhbiging: defintdreemvedimtdiaiof the invention;

Fig. 1B is a plane view of a molding die;

Fig. 2 1s an enlarged cross-sectional view of principal
portions of a molding die in an embodiment of the invention;

Fig. 3A 1s a cross-sectional view of a molding die and
glass material, when the glass material is placed on the
molding die in an embodiment of the invention;

Fig. 3B is a cross-sectional view of a molding die and
glass material, when the glass material is being press-molded;

Fig. 3C is a side view of an iIntermediate member
manufactured as a result of pressing;

Fig. 4A is a cross-sectional view of an iIntermediate
member and an inner-diameter machining core drill when
removing the removal area from the intermediate member in an
embodiment of the invention;

Fig. 4B is a cross-sectional view of an iIntermediate
member with the removal area removed;

Fig. 4C is a cross-sectional view of an iIntermediate

member and an outer-diameter machining core drill when

13



Fig. 3B is a cross-sectional view of a molding die and glass material,
when the glass material is being press-molded; Fig. 3C is a side view of
an intermediate member manufactured as a result of pressing; Fig. 4A is a
cross-sectional view of an intermediate member and an inner-diameter
remowighinirg ourestribeirdprempving-thisoie nfnveah atdeeframtibemediate
intermediate member in an embodiment of the invention; Fig. 4B is a
membemss-sectional view of an intermediate member with the removal area
removed; Fig. 4C is a cross-sectional view of an intermediate member
afd @n deferiGahetdiopachipfiicsta mierep 3 aepebmlrate in an
outer-periphery portion from the intermediate member; Fig. 5A is a
embog et Bdn ARFet Y SR ate in an embodiment of the invention;
Fig. 5B is a plane viep of a substrate; Fig. is a cross-sectional view of
a%&ﬁéa\g’e@pdrﬁoﬁ iR (‘:Elonrﬁpé{rfseo\’\r’] ggrﬁp%@%%ﬁs.’GB isa
cliep ‘.Seéﬂog@ ‘%e"& P5ELO0GRYS BREPNfle @?aﬁs%%é%’g?lep%rtion in
DESCRIPTION OF THE PREFERRED EMBODIMENTS 0023] Below, an
comp@PPegimenifghe invengpg are explained in detail, referring to Fig. 1
through Fig. 5. Fig. 1 shows a molding die 1 for press molding, used in
mahyfactBersf a cross-sectional view of a concave portion in

comparison example 3.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0023]

Below, an embodiment of the invention are explained in
detail, referring to Fig. 1 through Fig. 5. Fig. 1 shows a
molding die 1 for press molding, used in manufacture of
substrates of the present embodiment; Fig. 1A is a cross-
sectional view of the molding die 1, and Fig. 1B is a plane
view of the molding die 1. 1In Fig. 1, only the lower-side
molding die 1 is shown; in actual implementation, another
molding die configured similarly is also used, and the two are
used as a pair of molding dies 1.

[0024]

The molding die 1 of this embodiment is configured with
the molding surface 3 of the die parent material 2 covered by
a protective film 4. In the molding die 1 of Fig. 1A, the
entire surface on the upper side, which i1s the molding-side
surface, is formed as the molding surface 3. In the molding

surface 3, a removal area molding portion 5 which molds the
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substrates of the present embodiment; Fig. IA is a cross- sectional view of
the molding die 1, and Fig. IB is a plane view of the molding die 1. In Fig.
1, only the lower-side molding die 1 is shown; in actual implementation,
another molding die configured similarly is also used, and the two are

removeeld asezpanfoftineldingrdiesdd iGa24|méhdaroldivg khid deef thislow is
embodiment is configured with the molding surface 3 of the die parent

formedtanal Bheveestby pprdtéctive fnd4 on thbenaldibgrdipdrdfidFigia,
the entire surface on the upper side, which is the molding-side surface, is

thergphebiasfinEnaeldhPdstacreantnd dlngingostisse 8 Zeemeds the
area molding portion 5 which molds the 14 removal area of the

di Skinlififedidte trBmber EQPidkic FR6W i@ HbRhed T tHEEMMB patiBR, 4%d

on the oyter periphery thereof.is formed a disk area mo|di ortiop, 6 to
remoy i el ick Sea e le Gbfiot Shapcd Srort G6En En b S 1

remoﬁo‘éﬁdeé” [ﬁlﬂ%ﬁg‘ d?t*< ntg ge&h%twhsrﬁ%@d&m

ding portion 5 and the disk area molding portion 6 IS i
portigndahige; Hyyriaestrosimentddhe saBavalniea MaAngppsidmbodiment,,

comprises a concave portion 7 which is one portion of a spherical
the swirsea It iarpeferabtithgt feradwave pestipr 1 defoamedifiicive portion

portion of a spherical surface. However, in this embodiment the concave
7 whpations wag heoa tavedalirfacepianotsk shapEase -lond tisitbe

surface is a continuous concave curved surface
preferable that the concave portion 7 be formed from a portion
of a spherical surface. However, in this embodiment the
concave portion 7 may be a curved surface of another shape, so
long as the surface Is a continuous concave curved surface
portion. As the overall shape, it is sufficient that a
concave portion be formed, and that the concave portion be
formed from a continuous curved surface. Moreover, the number
of centers of radii of curvature in the curved surface may be
single or plural, and so long as the curved surface is
continuous, i1t may be a higher-order curved surface.

[0025]

The molding die 1 In this embodiment is for use iIn
manufacturing a substrate, of outer diameter 27.4 mm and
thickness 0.4 mm, with an aperture portion of outer diameter
7.0 mm, obtained by press-molding glass as the substrate
molding material. The substrate in this embodiment is for

example used as the glass substrate in disks used as magnetic

disks.
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portion. As the overall shape, it is sufficient that a concave portion be

formed, and that the concave portion be formed from a continuous curved

surface. Moreover, the number of centers of radii of curvature in the

curved surface may be single or plural, and so long as the curved surface

is[@p@egous, it may be a higher-order curved surface. [0025] The

molding die 1 in this embodiment is for use in manufacturing a substrate,

oflintepditeretdi 2mdtiam affd thizkmedsl®romel,evith amapehiard arger

portion of outer diameter 7.0 mm, obtained by press-molding glass as the
thans i 0eta bl dHqarrtatal ofhdBeb skt &tie ehthdifmaanigieetured;

example used as therﬁlﬁss substrate in disks used as magnetic. disks, 15 _

in tpbseprAlentiantdler HFRMERAISAR" MlSERE dRLebnm fike 1 is
o5 R, SRR RS B R D IRTBE L

the outer Sm8|ding

e rEOFNG dier} a4 Dot R Ui PHEEII SHPBSY HAUIIER in

press molding; in this embodiment, the thickness of the molding
thisleREBeniniEAe’] f‘tﬁg‘etﬂ'?cﬂélfﬁ@@s'n_étﬁr*ﬁh@ imEve f _qgiir@erit, f§SUPST-0 mm.

hard alloy the main component of which is tungsten carbide (WC), with

cq@op(@p) used as a binder, is employed. Hence the thermal expansion

coefficient of the die parent material 2

As the die parent material 2 In this embodiment, a super-

hard alloy the main component of which is tungsten carbide
(WC), with cobalt (Co) used as a binder, is employed. Hence

the thermal expansion coefficient of the die parent material 2
is 47x107'/°C. The die parent material 2 is not limited to

this material, and may be a super-hard alloy, transition metal
alloy, ceramic material, or similar. As the die parent
material 2, a material which can withstand repeated use is
desirable.

[0028]

The protective film 4 in this embodiment comprises
platinum (Pt), and is formed to a thickness of approximately 1
um by a sputtering method. As the material of the protective
film 4, it i1s preferable that a material with sufficient
strength to protect the die parent material, with poor wetting
properties with glass at high temperatures, and which 1is
chemically insert, is desirable. As materials for the
protective Tilm 4, i1t i1s preferable that at least one among,

or an alloy the main component of which is selected from among,

16



IS 47x10-7/C. The die parent material 2 is not limited to this material, and
may be a super-hard alloy, transition metal alloy, ceramic material, or
similar. As the die parent material 2, a material which can withstand
repeated use is desirable. [0028] The protective film 4 in this

si lieohod®iont avhaésks(RIB)nUEhiFn und igennectiptautiioknaSkiof,
approximately 1 pm by a sputtering method. As the material of the

niobpraredNie) filnvanadd preféiaple thal yhdeteval (ib duffickatistengfRt) ,
protect the die parent material, with poor wetting properties with glass at

pal IpgmuBmoRekure BABUYIHIEH 19 chéhﬁ@bﬁ%n&%ﬁms desrdbe. £Ss)

materlals for the protective film 4, it is preferable that at least one amon

UG AR EHMBO';@”DH vﬁ&l@ﬁ%@éleéé& R GntGHgtadgim tTa),
kel h b b
vallir:ign SI% )Iclrrtlao Ef]um%e) Bfa |‘r%lltjrr?lﬁ°mf'b}n]lndloﬁ)ﬁgg%¥ m a3,
63) ) Biag gﬁC} h R
o §| | g Iltjam %E‘a) aS(\g as tat gﬁﬁﬁy%ﬁ%tﬁd@ mtgﬂg

ch roﬁa'i‘ﬂmn%%ﬁi@()@b @b%g” cariqe 6ai i ehiRBIvs faire (ridCiBdrron

chromium oxide (Cr203) , silicon nitride (Si3N4) , and boron nitride (BN),
ni triiges¢anN)grep@osgirainie irepantioulas ast radeason theblirticular are

thickness, so long as the film functions as a protective film. Moreover, no
p laceshstrairtthén Hakicukdy ezkngiased sa theffign aleptbitiol Methbdnsd komgs as
as the desired
a protective film. Moreover, no constraints in particular are
placed on the film deposition method, so long as the desired
material and thickness are obtained. The surface roughness of
the molding surface 3 of the molding die 1 differs depending
on the substrate surface roughness sought, but a center-line
average roughness of 100 nm or less is desirable.

[0029]

Fig. 2 shows an enlarged cross-sectional view of the
vicinity of the concave portion 7 of the removal area molding
portion 5 of the molding die 1. In this embodiment, the
concave portion 7 is formed as a portion of a spherical
surface; the radius of curvature of the spherical surface of
the concave portion 7 is shown as r, and the depth of the
concave portion 7 is shown as t. The outer diameter d of the
concave portion 7 in the removal area molding portion 5 of the
molding die 1 must be smaller than the diameter of the

aperture portion of the substrate. Hence in this embodiment,

the outer diameter d of the concave portion 7 is set to
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material and thickness are obtained. The surface roughness of the
molding surface 3 of the molding die 1 differs depending on the substrate
surface roughness sought, but a center-line average roughness of 100
mm or less is desirable. [0029] Fig. 2 shows an enlarged cross-sectional
approgineitbd widinBg ohithe enzchliemorham 7 théhapamnevalearpa ndldingof
portion 5 of the molding die 1. In this embodiment, the concave portion 7
the suUbsteadts a pdriioh of & spHedicaim surfabe thadadissof coruavatwsfe r of
the spherical surface of the concave portion 7 is shown as r, and the
the ggharcread @HEhaepolorsets $ifo\on B8 «. AREl obike diaREtert erfhghe
concave portion 7 in the removal area molding portion 5 of the molding

concaye RRELAERnalIb? tRfLtEUiQRtdlbf the aperture portion of the

sﬁg . Hence in this embodiment, the outer diameter d of the concave
porl is set to 17 approximately 4.36 mm, smaller than the aperture

pWéiQ%Ofath eSHI?BH""_E?f"ViU?Jé"ErEQBn'E. GPECRANE §i‘h‘@“ﬂ‘?er Hording

the spherical surface is set to 5 mm, and the deptht of the concave

die ROTfigNgxis el fRE-2 mé@@%@ﬂdg Negt pjgethpd ofgpstraie js a cross-

manufacture using the molding die 1 is explained, referring to Fig. 3. Fig.
sectibind ordssy seftiang) vievl @f g oipéding diasdl gldsassaneierial 838,

when the glass material 8, which is the substrate molding material formed

whenintdne sphass igptsitiendd Betwidarctheligaithe substrate molding
material formed into a sphere, is positioned between the pair
of molding dies 1. And, Fig. 3B i1s a cross-sectional view of
the molding die 1 and glass material 8 when the glass material
8 1s press-molded by the pair of molding dies 1. Fig. 3C is a
side view of the iIntermediate member 9 manufactured by press-
molding of the glass material 8 by the pair of molding dies 1.
Here, the intermediate member 9 is an unfinished substrate
manufactured In an intermediate stage of substrate manufacture,
having a removal area 10 which in a later process is to be
removed to become an aperture portion, and a disk area 11
formed as the substrate on the outer periphery of the removal
area 10. In addition, there i1s an outer periphery area 12,
which is a portion outside the outer diameter of the substrate
to be manufactured, and which i1s an area to be removed after
molding.

[0031]

As a press-molding process, for example, the glass

material 8 is positioned between the molding surfaces 3 of the
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of molding dies 1. And, Fig. 3B is a cross-sectional view of the molding
die 1 and glass material 8 when the glass material 8 is press-molded by
the pair of molding dies 1. Fig. 3C is a side view of the intermediate
member 9 manufactured by press- molding of the glass material 8 by the
pai rpafobpidiiggiesol.d Hege dhedntemadiashovamder Fisgan gafinisiied this
substrate manufactured in an intermediate stage of substrate
emboahanefaciurehenasirizsa rarhevalcdred ari) whitarin allatesgrlodessais od des
removed to become an aperture portion, and a disk area 11 formed as
mategrbadi3tra@Nek IS BoterpeApHBA GRS Heatel alasse. middyifon,
there is an outer periphery area 12, which is a portion outside the outer
softgniitdePoint sterpatatsbe redn@dbiiredantd anideisnmlasnaneion
removed after molding. [0031] As a press-molding process, for example,
coefifieajiasst dtedaka 0s positoded jeteadTaihetheldifesurddces<ahthieon
18 pair of opposing molding dies 1, as shown in Fig. 3A. In this
coefdmbodimemfthehsulsiase inoldihg ndtesakodeatisneegiass thatayibh8s
comprising an alumino-silicate glass, with a softening-point temperature
matedficdb@ arsl adatrathl tapa0sion, caeffitient vi 8IxUAEYColhrgtrethaofitening
thermal expansion coefficient of the dies 1. In this embodiment, the glass
poinmateris Saxhkateteth GOV thheicthyrofdlle erfianiegopoinbeFicient
explained below, the thermal expansion coefficient of the glass material 8
of thesglessguakeniad tBemigt be larger than the thermal

expansion coefficient of the dies 1. At this time, the glass
material 8 put into place is formed into a spherical shape,
and i1t is desirable that the radius of the glass material 8 be
formed to be smaller than the radius of curvature r of the
spherical surface of the concave portion 7. In this
embodiment, the glass material 8 i1s a sphere of radius 4 mm,
smaller than the radius of curvature r, 5 mm, of the concave
portion 7. And, the pair of upper and lower molding dies 1
are heated to a prescribed temperature in the vicinity of the
softening point of the substrate molding material.

[0032]

When the glass material 8 reaches the prescribed
temperature, by applying a prescribed pressure to the pair of
molding dies 1, press molding is performed as shown in Fig. 3B
until the glass material 8 assumes the prescribed shape. In
this embodiment, press molding is performed at 450 kgf/cm?
until the thickness of the glass material 8 at the outer

peripheral portion is 0.4 mm.
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expansion coefficient of the dies 1. At this time, the glass material 8 put
into place is formed into a spherical shape, and it is desirable that the
radius of the glass material 8 be formed to be smaller than the radius of
curvature r of the spherical surface of the concave portion 7. In this
elpdogdsrent, the glass material 8 is a sphere of radius 4 mm, smaller
than the radius of curvature r, 5 mm, of the concave portion 7. And, the
pdinefupper dritelonexnpldingedies 1the heodieding addrescibete cooled.
temperature in the vicinity of the softening point of the substrate molding

AT thkerd MBo3EhevedagR rRAES Hadr8 9 rkoelere pleyhvedin order
temperature, b)%applying a prescribed pressure to the pair of maqlding

that@l3ss dEqisRicy OsS e LESURoWR i By RECGRERHETy 801 1ng
material 8.asspymes the prescrined shape, In thi bodiment, press

and ZOIT TSRS OR A0 oans Thirel ol Bees e GHiEEBuon

cool PG St SR maC HIRR Paliandy QLM AR PORSh Thafl fha
the next process, the molding dies 1 are cooled. At this time, the glass

contiFREY RIS I8 FORIRE! SeWlYi HyOoWireshat glags HrealearAeasiadl @oesurs .

the process of cooling and solidification of the glass material 8. Then,

In theok@d Eboting pbthesoldieg digsel ehd glassrmateriekBaineival
contraction of the molding dies 1 and glass material 8 occurs. In the
coefdaaingnirotssd degausd te tleemglagsamzdrerial 8 than for the
molding dies 1, even when the same temperature change occurs,
the contraction of the glass material 8 is larger compared
with that of the molding dies 1 due to the difference in
thermal expansion coefficients. At this time, the outer
periphery of the glass material 8 with large thermal
contraction contracts in the direction parallel to the molding
surfaces 3 of the molding dies 1 accompanying thermal
contraction, and as a consequence i1s released from the molding
dies 1. On the other hand, a convex portion corresponding to
the concave portion of the molding dies 1 is provided iIn the
center of the glass material 8, and moreover by forming this
convex portion in a spherical surface, contraction occurs in
central directions of the spherical surface, that is, in
directions moving away from the molding surface 3. By this
means, release from the molding dies 1 is easily achieved

through thermal contraction of the glass material 8 itself.

In this embodiment, after performing slow cooling of the glass
material 8 until approximately 200°C, the glass material 8 is
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coefficient is larger for the glass material 8 than for the molding dies 1,
even when the same temperature change occurs, the contraction of the
glass material 8 is larger compared with that of the molding dies 1 due to
the difference in thermal expansion coefficients. At this time, the outer
causperigiterpof i glasednafedal Snithiargedhereal fooinaation eiiDts)
in the direction parallel to the molding surfaces 3 of the molding dies 1
diesadcompanying thermal contraction, and as a consequence is released
from the molding dies 1. On the other hand, a convex portion
cdid®3bhding to the concave portion of the molding dies 1 is provided in
the center of the_glass material 8, and moreover by forming this convex

pdrﬂo#i‘ﬁ_a"é‘b'r@ii@gl éu%%el chf_tr&&?o neﬂl%‘ﬂé MEREntrd GRAIGRNUE of
L T

y m 0 dies I Is easily

di esa‘ihieﬁ%d {H%?ngé'i%%%' %‘t?&@iﬁ g{ﬁ%ﬁﬁg@%&:@ﬂa%@%rﬁ%@s

embodiment, after performing slow co s material 8 until

portaidRf OXMARYCE Qe G SEaFB AR 8dS 44 EaUSe i RISy art,

from and is removed from the molding dies 1. [0034] In the molding dies
and tléthplemsboaiatantia Logcaen pediohly isdermesondtie m@dinghis means,

surfaces 3 of the molding dies 1, so that release is easily performed in the

adhesanisr gbritdreaswhishreleasedkdiver maitfenkad tHopiibearmolding dies
in manufacturing processes, and cracking of the substrate
molding material upon release, as well as other occurrences of
flawed items can be suppressed. Moreover, releasing between
the glass material 8 and the molding die 1 is smooth, so that
manufacturing processes proceed more rapidly, and an increased
amount of production per unit time is possible. Also,
intrusion of air bubbles within the glass material 1is
suppressed, so that the occurrence of flawed items in
substrate manufacturing can be suppressed.

[0035]

After release of the glass material 8, the glass material
8 1s completely solidified by cooling, and becomes the
intermediate member 9. In the intermediate member 9 are
formed a removal area 10 and, on the outer periphery of the
removal area 10, a disk area 11; in the removal area 10, a
convex portion 13 is formed by the concave portion 7 of the
molding dies 1 in the center portion of the removal area 10.

In this embodiment, the convex portion 13 is formed as a
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and the glass material 8 can easily be removed. By this means, adhesion
of the substrate molding material to the molding dies in manufacturing
processes, and cracking of the substrate molding material upon release,
as well as other occurrences of flawed items can be suppressed.

portiore@frareigasind batvesirflag glassHoatevier§ anHéhehapding®idiie
is smooth, so that manufacturing processes proceed more rapidly, and an
conviexrgasetii amolidt espruoiticidam pEednitdnslisipossti@pdso aimrusion be a
of air bubbles within the glass material is suppressed, so that the
curvggtFrEntRGst fRfveanedne In shefkite %rfﬂﬁétuﬁﬁg Eknb® a continuous
suppressed. [0035] After release of the glass material 8, the glass

CONVEXIEHATVE T, cothBReSy RBRASR LG REbRRP M PecAhedhfe Shape of

the icr:ltenrénedeiateom%?bﬁr 9 In We in%eéme\gia"ge m %r %ar%l fgrrpl(\e/d a hape
e are2Y a%d, on th&3ule? pe?ip%e%/ of the Famodhl BPCY ?[6 ghap

is foPkaieand Bdhe "gg?ltfirc‘?ﬁ‘ ]éi)g j\ﬁ?ﬁheﬁ BOQQHﬁﬁnﬁJB%%%QY%‘?med

concave portion 7 of the molding e center portion o
From AN AHAERR 30 rFadus emMRAEBOBRY thearePenRY BB 13 is foiFaadi €y of

a 21 portion of a spherical surface. However, the shape of the convex

centpedionfl3oe nghtiodted in sthb acthaped asdinfaycbe patheedthutacerdfy
another shape, so long as it is a continuous convex curved surface

one, paidn cbrrieispondingead tise sifape of sheaotidanopsiionT . Maythbe a
_overall shape, a convex shape is formed the convex portion of which is
highednides fldmsadegurface.

[0036]

The removal area 10 and outer peripheral area 12 are
removed from the iIntermediate member 9 to manufacture the
substrate. The processes of removing the removal area 10 and
outer peripheral area 12 from the intermediate member 9 are
explained referring to Fig. 4A through Fig. 4C.

[0037]

As shown In Fig. 4A, the removal area 10 is removed from
the intermediate member 9 by punch-out machining using an
inner-diameter machining core drill 7. A diamond abrasive
wheel i1s used as the cutting edge of the inner-diameter
machining drill 14. This inner-diameter machining core drill
14 is positioned opposite a prescribed position of the
intermediate member 9, and by then lowering the inner-diameter
machining core drill 14, the removal area 10 is punched out.
As a result, as shown in Fig. 4B, the removal area 10 is

removed from the intermediate member 9, to form an
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from a curved surface. Moreover, there may be a plurality of centers of
curvature in the curved surface rather than only one, and if the curved
surface is continuous, it may be a higher-order curved surface. [0036]
The removal area 10 and outer peripheral area 12 are removed from the
i nteinigrdedienaebder 9 tamamnfetiuonthe shbsiidisk Theguoddassasdfouter
removing the removal area 10 and outer peripheral area 12 from the
per ipEnatiateaachberonad nexpldyietesfavimg tathig. nénbweayaFiga4Co
[0037] As shown in Fig. 4A, the removal area 10 is removed from the
Tromintdigebndiermesbate Byeslreh-Sut rkBeniaRRIIsNE aROKk&RBiakeetdp
machining core drill 7. A diamond abrasive wheel is used as the cutting

Tormggyd Br HeSnABLE R AR dFMRE UM 14. MR innBR dkife@fXt
machinjng core drill 14 is positioned opposite a prescribed pasition of the
Proc e malite Qb aben SLEE ) a YIS SEhenariLl cle, 15" US8d to
remoERIINGERE e She FT o434 Opipanghed phEeff il

as shown in Fig. 4B, the removal area 10 i1s removed from the

memb@iergediFefRGRREH AP oRd a3k ndpERedidtamenieESy npdkEbBheral

only the disk area 11 and outer peripheral area 12 remain. By removing
areathexenmvai areandO dierotihe intenmetiatel mgnier Shoheaperteipy . 4C.

portion 16 is formed in the intermediate member 9. Then, as the next
The prgtess,dhaneterdinastdnmaghidingldordSiril Boisusesd ta diamond
abrasive wheel as the cutting edge. On the occasion of punch-
out machining of the outer peripheral area 12 also, the outer-
diameter machining core drill 15 is opposed to a prescribed
position of the iIntermediate member 9, and by then lowering
the outer-diameter machining core drill 15, the outer
peripheral area 12 i1s punched out. When the outer peripheral
area 12 i1s removed from the intermediate member 9, the
substrate 17 1s formed as shown In Fig. 5A and Fig. 5B. In
the substrate 17, an aperture portion 16 corresponding to the
removal area 10 i1s formed by removing the removal portion 10.
In this way, the removal area 10 and outer peripheral area 12
are removed from the intermediate member 9 to manufacture the
substrate 17. The order of machining when punching-out the
removal area 10 and outer peripheral area 12 from the
intermediate member 9 is not limited to the order of this

embodiment, and either member may be removed first.

[0038]
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remove the outer peripheral area 12 from the intermediate member 9, in
which only the disk area 11 and outer peripheral area 12 remain, by
punch-out machining as shown in Fig. 4C. The outer-diameter machining
drill 15 also uses a diamond abrasive wheel as the cutting edge. On the
otkaston eheurathowet endshidhing otthesowengédphdnal emmobd-alsonthei th
outer- diameter machining core drill 15 is opposed to a prescribed
comppaditiom obtanipkemediate member 9, and by then lowering the
outer-diameter machining core drill 15, the outer peripheral area 12 is
pl¥heRilout. When the outer peripheral area 12 is removed from the
intermediate member 9, the_ substrate 17 is formed as shown in Fig. 5A
aAF FPBRAN SAB SX2FRAC 2 arfasdife Yorfo 18 Hardspdndingad ding

the F]em?val area 1 s formed remo |ng th%removal(fortlon 10.

die W] IS wa %eaf"émOQ/ O%EGI' p’erlpheral a?eg r} gre r&ﬁg\%el
provi 8'%‘0‘“ rﬂmEH@eH@i W’F‘d; r9t° fﬁcé‘érﬁdi' iR Lihiiar to

order o machlnlng w |ng outt e removal area 10 and outer

thosREHINFALAEBONETRMUOA i erEediale RATYEEAdR NOPEEd &0 B the

order of this embodiment, and either member may be removed first.
glas038k2® iNekt fthenabohe enodenimgnd Bestudiedor coryprsised Witind

comparison examples. [0039] As comparison example 1, a case is
rel eagsaivedruod b dneldhat did adthqatadar mollimy sdrfacd30Bpaiting the
concave portions
above embodiment with comparison example 1, the above
embodiment is clearly superior with respect to release
behavior, and has a molding die shape appropriate for
substrate manufacture.

[0040]

As comparison example 2, a case is explained In which a
triangular pyramid-shaped concave portion is formed in the
center of the removal area molding portion of the molding die.
Fig. 6A is a cross-sectional view of the concave portion in
comparison example 2. Here, similarly to the above embodiment,
the outer diameter d of the concave portion is 4.36 mm, and
the depth t of the concave portion is 0.5 mm. Other
conditions are similar to those of the above embodiment. In
the case of comparison example 2, a concave portion is
provided in the center of the removal area, so that compared
with comparison example 1, release i1s easier; but because the

curved surface at the apex of the concave portion formed in a

triangular pyramid shape is not continuous, there Is a concern
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provided in the molding die. Other conditions are similar to those of the
above embodiment. In this case, release of the glass material from the
molding die is not promoted, and release cannot be satisfactorily
achieved. Comparing the above embodiment with comparison example 1,

thattheiabovey einbodirdenbs tleasly atperigl sdh nespestiafelwade the
behavior, and has a molding die shape appropriate for substrate

mo 1 diagutbicturen [020] VAS gompwriodn ERempfeX -a cHseeediiained iis a
which a triangular pyramid-shaped concave portion is formed in the

concediitetbpihed b dvab RLSBRIN § PERONIGTERe BhGIdihgkeE MESH aeis a
cross-sectional view of the concave portion in comparison example 2.

membaE, NAMFAFHSRE DOVELHISEImenttOWRVElter BindiRFaLERRe OT the

concave portion is 4.36 mm. and the depth t gf the concave portion is 0.

fan AR her s U hido by B S o O, the

intePRAPY SRERRNsONSRERe i?maﬁ?é‘clﬁ‘r‘%@é?ﬁéorbb? P@N&?ﬂq‘%ﬁﬁe
center of the removaf area, so that compared with comparison example 1,

remoPAAREYE£AFe PUNAIGHINGE (NG tCured pYHASE BrBIsaIRX @HAe the

concave portion formed in a triangular pyramid shape is not continuous,
1 ocatbeom isia canpyntibihaiai ¢nhay inticsledieivepy thbglabsroatediphmeder

the molding die in the vicinity of the apex. Hence there is a concern that
machain bogblesireayl eatel intoHbadeeithediata sndmb€ld maetifataredrbythe
molding. However, the location of the
disk surface of the substrate which is the original
requirement of the process.

[0041]

As comparison example 3, a case is explained In which a
cylindrical-shape concave portion is formed in the center of
the removal area molding portion of the molding die 1. Fig.
6B Is a cross-sectional view of the concave portion of
comparison example 3. In comparison example 3, the outer
diameter d of the concave portion is 4.36 mm, and the depth t
of the concave portion is 0.5 mm. In comparison example 3
also, a concave portion is provided in the center of the
removal area, so that compared with comparison example 1
release is made easy, but there exists a portion of the curved
surface which is not continuous In the concave portion formed
in a cylindrical shape. Hence there is a concern that air may
intrude between the glass material and the molding die iIn the

vicinity of this portion. However, the location of the flaw

occurring as a result is within the removal area of the
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flaw occurring as a result is within the removal area of the intermediate
member, and so in the process of removing the removal area after
molding, it is highly probable that the location is a portion which is
removed by the inner-diameter machining core drill. Hence there is little

i nteeffed mtibemdiskesuifagadf ite shsstiatevdrch sftheamiouialg the
requirement of the process. [0041] As comparison example 3, a case is

remowglaimedan alieramodiaiirigal-ghtapescdniahd yopimbalfdem&t atthehe
center of the removal area molding portion of the molding die 1. Fig. 6B

loca§kpproks-s2cRemd Masw Wi i cdisc Ransdiesn by chgaizdpriedhageter
In comparison example 3, the outer diameter d of the concave portion is

machs R £aRR (g bbbt « HeRREcHReRR doridd 48 REfeGt on the

smoof " BOFIILE YR e AT PR ERARoR & RIGYIASAR g penter of
the emovérl area, so %a?c ﬁ]p&?é(?Wlt comparison examﬂeq release

requif’ﬂgﬁgﬁfa@f* *%Héhﬁ%%%té? portion of the curved surface which is not

continuous in the concave portion formed in a cylindrical shape. Hence
thE@@j@q concern that air may intrude between the glass material and the
molding die in the vicinity of this portion. However, the location of the flaw

o3uriog pa KiiegUtieWibivbegamyihared dfith@Zbohtermedisddcave
member, and in the process of removing the removal area after molding,
por tit @highiyprébabedhattte capibe rd apbrivrfach s réamocedpythson
inner-diameter
example 2 and comparison example 3, the effectiveness of
providing a concave portion, comprising a continuous curved
surface, in the center of the removal area of the molding die
can be understood. In particular, the desirability of using a
spherical surface as the continuous curved surface can be
understood.

[0043]

As comparison example 4, a case is explained In which a
concave portion comprising a spherical surface similar to that
of the above embodiment is formed in the center of the removal
area molding portion of the molding dies 1, and glass material
formed Into a cube 4 mm on a side is placed therewithin.

Other conditions are similar to those of the above embodiment.
The glass material of cubic shape i1s placed in the molding die,
and press-molding is performed without further modification.

In this case, when performing molding, gaps occur between the

glass material and the molding die. And, molding is performed

without further modification, so that there is concern that
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machining core drill. Hence there is little effect on the smooth surface of
the substrate which is the original requirement of the process. [0042] By
comparing the above embodiment in which the concave portion 7 is
formed with a spherical surface with comparison example 2 and
flaweoripamsen sxdvpieatchd@dfettvanessos i provisingicoaceve pediosr
comprising a continuous curved surface, in the center of the removal area
thanofithegnolpingidiencaxaspheerstoatdnarticular, the desirability of
using a spherical surface as the continuous curved surface can be
ul@é4¢bbd. [0043] As comparison example 4, a case is explained in
which a concave portion comprising a spherical surface similar_to that of

tHeSaVERAR SRt SR et -in3h & 8Ehtel B REPAMAERY didavhich a

moldln%fﬁtlon of the molding dies 1 andgéa!ss matgrial form mto&-\ n

concalie FAhIaa SRIPE A MerRNihA: b f A SrL Qg b

the @Qﬁ‘f:ﬁr‘t%?;ar%%ﬁ ?E?ﬁ&@éﬁegre?%'f‘ai _tﬁ[ﬁl fcf:rlr’bé)cfs%%e iﬁolding

placc_a_ _ ling die, an press-mqldln is per ormed without further
di esMPdifieaHOR 1IASBISAES r VRPN REFIRERN I NEh S AN RASOGHHT PENSRN 5.5

the glass material and the molding die. And, molding is performed
mm iwithdededhenepdificetian,.so that wipas Esocerexbapd@flays hetdmuse

substrate due to intrusion of air are greater than in comparison examples

the raddss of the glass material is iIncreased, the volume of
the glass material 1s increased. Hence when using a molding
die similar to that of the above embodiment, 1If the thickness
of the outer peripheral area of the intermediate member is 0.4
mm, then the outer diameter i1s approximately 47 mm. Hence iIn
comparison example 5, a molding die with outer diameter of 50
mm #s used. Other conditions are similar to those of the
above embodiment. Glass material formed into a sphere of
radius 5.5 mm i1s placed in the molding die, and press-molding
is performed without further modification. In this case, when
performing molding, gaps occur between the glass material and
the molding die. And, molding is performed without further
modification, so that there i1s concern that flaws iIn the
substrate due to intrusion of air are greater than in
comparison examples 2 and 3.

[0045]

As 1s seen from comparison examples 4 and 5, 1t is
desirable that the glass material in the above embodiment be

spherical in shape, and that the radius of the glass material
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[0044] As comparison example 5, a case is explained in which a concave
portion comprising a spherical surface is formed in the center of the
removal area molding portion of the molding dies 1, and glass material
formed into a sphere of radius 5.5 mm is placed therewithin. In

be sterbpaisorhexanple Shetadsse fhemdiatoitheoflashaateiatasve portion,
increased, the volume of the glass material is increased. Hence when

and ssiad kemolkdiay didrsinoilekes tiktaviete ebdve Entduelimentéee portion.
thickness of the outer peripheral area of the intermediate member is 0.4
mbEPQAEd the outer diameter is approximately 47 mm. Hence in
comparison example 5, a molding die with outer diameter of 50_ mm is

LS THFRRES A0S ARP IRy 1RHRRES S He SRIRIGRA AR Ich the

I Glasstmateriill formed into a sph(i;e of ,radius 5.5 mm is placed in the
9 as%om(ﬁng '(Slllea,l angjsprgss%%]cﬁgﬁgois prearfjo'rH}Séd4 without SR A& %ication.

In_this case, when performing moldin S occur betw lass
Dor o b RO e A e R H kg TS BEAGHRE TAR G Athehermal

modification, so that there is concern that flaws in the_substrate due to
expapg iR ncstelfdeigakiedidR in/ ompa R WRHAESD HXPI8645)-

As is seen from comparison examples 4 and 5, it is desirable that the
afteglabsatapdaltia tBOaAoyemressdinehd bagsdiserial Fosmes, ahd4hat

the radius of the glass material 27 be smaller than the radius of curvature
kgfﬂmﬁhawdﬁ&wﬁhﬁnmn@ss—moIded glass plate 6 is of thickness

0.4 mm. Then, after slow cooling to approximately 200°C, the

glass material i1s released from the molding die and removed.
In comparison example 6, the thermal expansion coefficient of
the glass material i1s smaller than the thermal expansion
coefficient of the molding die. Hence in the process of
cooling after press-molding of the glass material, the
contraction of the molding die is greater than that of the
glass material during thermal contraction. As a result,
thermal contraction causes the glass material to adhere to the
molding die, so that release becomes extremely difficult.
Hence from comparison example 6 the usefulness of a thermal
expansion coefficient for the glass material which 1s larger
than the thermal expansion coefficient of the molding die can
be understood.

[0047]

In the above embodiment, a case was explained in which

glass material 8 is used in press molding; however, this
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and smaller than the outer diameter d of the concave portion. [0046] As
comparison example 6, a case is explained in which the glass material is
a sphere of radius 4 mm, comprising a borosilicate glass with softening
temperature 820C and thermal expansion coefficient 33x10-'/C. In
i nveearipariden examplienfi tatietoeatinghiod3 S prapsl muidiog iaberforhed
at 450 kgf/cm2 until the press-molded glass plate 6 is of thickness 0.4
thanmpl agsemaifter sehscoslinge dappeokimdiely Boec, tis® dlasygmaserizd kding
_ released from the molding die and removed. In comparison example 6,
iIs pgefiaknnd eiptngich Ebgficiheommddiags RRRE AT shfalleF 8fs the
thermal expansion coefficient of the molding die. Hence in the process of

mo ldidigling MY molding o & PRAC HGREathSe TRFLERSS ofthevas

molding die is greater than that of the_ glass.material dyring thermal . .
XD ISR, Aot At e Koo G el oh s LGS 6o

di sk&dnefrdodhg ’QHB’Q{@rQiEeS‘ifhWé%:eﬁé? n‘;ﬁ;?fifﬁ'fé?ﬁ%ﬂé@&“%ith an

Hence from comparison example € useru pansion

ape rtQA‘EcigB el die Jlasermeatedaiubichiplmger thamie fisUdakion is not

expansion coefficient of the molding die can be understood. [0047] In the
I imidkeverembadimenibs crat¢ws exainhd ishdich glasehvatniles8rate
used in press molding; however, this 28 invention is not limited to such
needcaset, badanatesalssithpe. Further, the aperture portion 16
and the removal area 10 of the intermediate member 9 need not

be provided in the center of the substrate.
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than glass materials may be used. Further, so long as molding is
performed using a die, the molding need not be press molding. Moreover,
in this embodiment the substrate 17 was explained as a glass substrate
for disks used in magnetic disks, and the substrate 17 was formed in a
Whatdise sDapdmeéth drs -aperture portion in the center; however, this invention
is not limited to such substrates, and the shape of the substrate need not
bd a dis@shadel Fgther ethEaperurd pbaionetd el themieenovasearkatoo
of the intermediate member 9 need not be provided in the center of the
manuf@sskiake. 20 Ut etanfeaming, AmaaRGldIE o hlemagea disk
member used to manufacture a substrate having an aperture portion and
ared; JAeERI wherein the intermediate member has a removal area which

is tg beco r'hhee e(llg rtureé)%tlon throur%h removalI and the dISk t}o
(fng ’a.e has g are Sl'alngaﬁo ioh WA m%fa%afhe ISk are

becof R gE éPWCPH%BHmPHP’&h Ugh 'Pals g reﬁl‘?éfa'tﬁ@adilgﬂ

e removal area molding portion comprises a continuous concave
areaqurved surface portion. 2. An intermediate member, used to manufacture
a substrate having an aperture portion and a disk area, the intermediate
menebendiyintpa damokialsaraaditith irebeconed rige poetiithpattipoh
through removal, and the disk area,
molds the disk area, and a removal area molding portion which

molds the removal area; and

the removal area molding portion comprises a continuous
concave curved surface portion.

2. An intermediate member, used to manufacture a
substrate having an aperture portion and a disk area, the
intermediate member having a removal area which is to become
the aperture portion through removal, and the disk area,
wherein

the removal area comprises a continuous convex curved
surface portion.

3. A method of manufacturing a substrate, comprising
the steps of:

molding substrate molding material, using the molding die
of Claim 1 to manufacture the iIntermediate member of Claim 2;
and

removing the removal area from the intermediate member to

form the aperture portion.
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wherein the removal area comprises a continuous convex curved surface

portion. 3. A method of manufacturing a substrate, comprising the steps

of: molding substrate molding material, using the molding die of Claim 1

to manufacture the intermediate member of Claim 2; and removing the

removal Bnea fiferhibe iotermedisfactemiegtoa fyubtheranertueqoridinmg to

30 4. The method of manufacturing a substrate according to Claim 3,
Claiwh8reiwlterthenmthexgdresomdoefipians e Oihec orkdrial isonttiwfinghiee

molding die is smaller than the thermal expansion coefficient of the
mategu@imﬁ@ﬂﬁﬁgmgtﬁﬁ@bmﬂegﬁoId|ng die i1s smaller than the

thermal expansion coefficient of the substrate molding

material.
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