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33 WHAT IS CLAIMED IS 1. A press-nol ding die conprising: a brag?
‘material, an internediate | ayer formed on a surface of the base gpl%&i 5.

and a protective layer formed on the internedi ate | ayer, wherein

t he base material conprises an inorganic oxide; the internediate
| ayer conprises a material that adheres to both the base material and the
protective layer and is heat resistant at high '

PRESS-MOLDING DIE, METHOD FOR MANUFACTURING
THE SAME AND GLASS ARTICLE MOLDED WITH THE SAME

FIELD OF THE INVENTION

The present invention relates to a press-molding die for low—cost
mass production of a glass substrate for a magnetic disk that is suitable as a
recording medium, a method for manufacturing this die -and a, method for
manufacturing the glass substrate for a magnetic disk. The present
invention also relates to a press—molding die to be used in low—cost mass
production of a high—precision optical glass element such as an optical lens, a
method for manufacturing this die and a method for manufacturing the
.optical lens.

BACKGROUND OF THE INVENTION
In the field of magnetic recordings, especially in the field of magnetic
disks, performance is enhanced by making the medium smaller and thinner
and increasing its capacity, but this has to accommodate high precision of the
magnetic recording medium. Recently, there has been active discussion on
glass substrates with high rigidity and high hardness that can be easily
smoothed and thus are very useful to increase density and reliability:.
Hitherto, in the course of manufacture, after cutting the glass
substrates for magnetic disks into a predetermined size, the glass substrates
were polished one by one in a polishing step to obtain a smooth surface.
However, there were the problems, that the polishing step has to be
performed with high precision and the number of processing steps is large.
On the other hand, a press—molding method for the field of optical
glass element production that enables high product quality and high
productivity is widely discussed and its practical use is already underway.
As a press—molding die, a special die that does not deteriorate when
glass is repeatedly molded is necessary and has been variously discussed.
Hard metal (tungsten carbide), cermet, zirconia, silicon carbide and
other ceramics are used as a base material for press—molding dies, and a die
has been developed that is coated with a protective layer with good mold
releasing properties, oxidation resistance and chemical resistance, to protect
the base material and prevent adhesion of the glass to the die at the time of
mold release.



tenperatures wherein the die is used; and- the protective | ayer
sconprises at |least one netal filmselected fromthe group consisting of
tungsten (W, platinum (Pt), palladium (Pd), rhodium (Rh), ruthenium (Ru),
iridium(lr), osmum (GCs), rhenium (Re), tantalum (Ta) and all oys thereof.
wherein said internedi ate | ayer conprises...... in the protective |ayer. 2.
The press-nol ding die according to clai® 1, wherein said base materia
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zinc oxi de, tﬁle légxlrx'net used as a base material has poor processability, that it is difficult
to obtain sufficient smoothness (on the nm order) to mold substrates for
magnetic disks and that defects occurred frequently in the surface at the
time of processing.

Moreover, the fine processing for the noble metal alloy film is usually
very troublesome and the desired pattern is difficult to obtain, so that the
quality of the obtained magnetic disk substrates was often inferior.

In optical elements such as optical lenses and prisms, small
irregularities in the surface of the die can lead to an increase of scattered
light, so that lenses with a smoother surface are desirable, yet conventional
molds reached their limit.

Various techniques have been presented that use, as a molding base
material, a glass material in which sufficient smoothness for use as a
substrate for magnetic disks can be easily attained. Tokkai No. Hei 1-—
148714 discloses glass as the base material for press—molding, and
fabrication of a protective layer of a ceramic or a noble metal material.
Tokkai No. Sho 64-33022 suggests a die for molding an optical element using
a fluoride such as MgF, or an oxide such as Si0, as a mold release film.
Tokkai No. Hei 2 — 51434 discloses a die for molding optical disks with glass
as the base material for the press—mold, having a film with a fine pattern
formed by fine processing on the surface, wherein a carbon film as a
protective layer and an intermediate film of silicon carbide and silicon
nitride are formed.

However, the above examples do not have enough durability to
withstand the repeated use for press molding under severe heat and
pressure, so that the surface roughness of the press surface increases with
long—term repeated use. Moreover, exfoliation of the microscopic protective
layer may occur and the product quality may deteriorate due to 'changes in
the fine pattern, so that these techniques cannot adequately answer the
recent demand to achieve higher durability and longer life—expectancy.

) Conventionally, a grinding method, performed by rotating a disk—
shaped diamond grinding stone, was used to process the mold, but so far, a
disk—shaped diamond grinding stone with a diameter of less than 2mm could



met al oxi de and al kaline-earth nmetal oxide. 4. The press-nolding die
according to claim3, wherein said glass has a glass transition tenperature
that is at least 50[err]C higher than that of a glass to be press-nol ded.

5. The press-nolding die according to claim1, wherein said base
material conprises at |east one materi aI3 selected fromthe group consisting

of quartz gl ass, and nonocrystal alum na.” 6, The press-nol ding die
accor di ng t d¥ be rproduceghe pafna seonsaye tdieneliraswallgy diagmter icould not| bast
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(V), chrone t&% Zirgoni um ﬁgr , niobium (Nb), nolybdenum (M), hafnium
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SUMMARY OF THE INVENTION

In order to overcome the problems of the prior art, it is a first purpose
of the present invention to provide: a press—molding die for magnetic disk
substrates and optical glass elements having a very smooth surface and a
very precise shape corresponding to the magnetic disk substrate or the
optical glass element to be manufactured, so that a magnetic disk substrate
and an optical glass element can be manufactured by transferring the die
shape of the press—molding die with high precision and accuracy, and little
deterioration of the die is caused by repeated use over a long period; a
method for manufacturing such a press-molding die; and a magnetic disk
glass substrate and an optical glass element manufactured with such a
press—molding die.

The second purpose of the present invention is to provide a press—
molding die for a convex optical glass element less than 2mm in diameter,
which conventionally could not be produced by press—molding, a method for
manufacturing the same and an optical glass element manufactured with
such a press—molding die.

In order to achieve these purposes, a press-molding die according to
the present invention comprises a press—molding die comprising: a base
material, an intermediate layer formed on a surface of the base material and
a protective layer formed on the intermediate layer, wherein: the base
material comprises an inorganic oxide; the intermediate layer comprises a
material which adheres to both the base material and the protective layer
and is heat resistant at high temperatures wherein the die is used; and the
protective layer comprises at least one metal film selected from the group
consisting of tungsten (W), platinum (Pt), palladium (Pd), rhodium (Rb),
ruthenium (Ru), iridium (Ir), osmium (Os), rhenium (Re), tantalum (Ta) and
alloys thereof. ‘ ’

It is preferable that the base material comprises an inorganic oxide
including silicon oxide or aluminium oxide as a main component.

It is also preferable that the base material comprises an inorganic
oxide that is a glass including silicon dioxide as a main component and at
least one material selected from the group consisting of aluminium oxide,
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7.

The press nolding die according to claim 1, wherein said

i nternmedi ate | ayer conprises a conponent that is included in the base

4 .
magnesium oxide, zinc oxide, alkali metal oxide and alkaline—earth metal

oxide.

It is preferable that the glass has a glass transition temperature that
is at least 50°C higher than that of a glass to be press—molded.

It is preferable that the base material comprises at least one material
selected from the group consisting of quartz glass and monocrystal alumina.

It is also preferable that the intermediate layer comprises at least
one material selected from the group consisting of titanium (Ti), vanadium
(V), chrome (Cr), zirconium (Zr), niobium (Nb), molybdenum (Mo), hafnium
(Hf), tantalum (Ta), tungsten (W) and alloys thereof.

It is also preferable that the intermediate layer comprises a
component that is included in the base material and a component that is
included in the protective layer.

It is preferable that the base material comprises an inorganic oxide
including aluminium oxide as a main component; the protective layer
comprises at least one metal film of the group consisting of tungsten (W),
platinum (Pt), palladium (Pd), rhodium (Rh), ruthenium (Ru), iridium (Ir),
osmium (Os), rhenium (Re), tantalum (Ta) and alloys thereof; and the
intermediate layer comprises a mixture of at least one aluminium compound
selected from the group consisting of aluminium oxide and ‘aluminium
nitride with a component of the protective layer.

It is also preferable that the base material comprises an inorganic
oxide including silicon oxide as a main component; the protective layer
comprises at least one metal film of the group consisting of tungsten (W),
platinum (Pt), palladium (Pd), rhodium (Rh), rathenium (Ru), iridium (Ir),
osmium (Os), rhenium (Re), tantalum (Ta) and alloys thereof, and the
intermediate layer comprises a mixture of at least one silicon compound
selected from the group consisting of silicon oxide, silicon carbide and silicon
nitride with a component of the protective layer.

It is preferable that the surface of the base material has an average
roughness of less than 5nm. .

It is preferable that the intermediate layer has a thickness of 0.1 — 5
©m.

It is preferable that the protective layer has a thickness of 0.05—-8u
m. .

According to the present invention, a manufacturing method of a
press—molding die comprises the steps of: machining a surface of a base



material and a conponent that is included in the protective |ayer. 8.
sThe press-nolding die according to claim1l, wherein sai d base
mat erial conprises an inorganic oxide including al um ni um oxi de as a
mai n conponent ; the protective layer conprises at |east one
metal filmof the group consi sting of tungsten (W, platinum (Pt),
pal | adi um (Pd), rhodium (Rh), r ut heﬁl um (Ru), iridium(lr), osmum
(Cs), rheni Jhntexigl cqxanrlﬁmpmormc oxidg | pregiselyn &9 @ inverge shape of a
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press- nol di g mtemedmtd |1mmm tllxasmﬂce ofithechaise material by a wet deposition
process of electroplating or electroless plating or by a dry deposition process
of vacuum deposition, sputtering or ion plating, which intermediate layer is
heat resistant at high temperatures wherein the die is used and comprises a
material that adheres to both the base material and a protective layer
comprising at least one metal film selected from the group consisting of
tungsten (W), platinum (Pt), palladium (Pd), rhodium (Rh), ruthenium (Ru),
iridium (Ir), osmium (Os), rhenium (Re), tantalum (Ta) and alloys thereof;
and forming the protective layer on the surface of the intermediate layer by
a wet deposition process of electroplating of electroless plating or by a dry
deposition process of vacuum deposition, sputtering or ion plating.

In this manufacturing method of a press—molding die, it is preferable
that the base material comprises an inorganic oxide including silicon oxide or
aluminium oxide as a main component.

In this manufacturing method, it is also preferable that the base
material comprises an inorganic oxide that is a glass including silicon
dioxide as a main component and at least one material selected from the
group consisting of aluminium oxide, magnesium oxide, zinc oxide, alkali
metal oxide and alkaline—earth metal oxide.

In this manufacturing method, it is also preferable that the glass has
a glass transition temperature that is at least 50°C higher than that of a
glass to be press—molded.

In this manufacturing method, it is also preferable that the base
material comprises at least one material selected from the group consisting
of quartz glass and monocrystal alumina.

In this manufacturing method, it is also preferable that the
intermediate layer comprises at least one material selected from the group
consisting of titanium (Ti), vanadium (V), chrome (Cr), zirconium (Zr),
niobium (Nb), molybdenum (Mo), hafnium (Hf), tantalum (Ta), tiingsten (W)
and alloys thereof.

In this manufacturing method, it is also preferable that the
intermediate layer comprises a component that is included in the base
material and a component that is included in the protective layer.

In this manufacturing method, it is also preferable that the base



said base material conprises an inorganic oxide including silicon oxi de
\as a mai n conponent; the protective |ayer conprises at |east one

metal filmof the group consi sting of tungsten (W, platinum(Pt),
pal I adi um (Pd), rhodium (Rh), ruthenium (Ru), iridium(lr), osmum
(Gs), rhenium (Re), tantalum (Ta) and al l oys thereof; and
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press- nol di (thlmthenmnil R dridimnn(Ir),, ossumrmei (Os),t i‘hemum (Re), tantalum
(Ta) and alloys thereof; and the intermediate layer comprises a mixture of
at least one aluminium compound selected from the group consisting of
aluminium oxide and aluminium nitride with a component of the protective
layer.

In this manuﬁactl_xring method, it is also preferable that the base
material comprises an inorganic oxide including silicon oxide as a main
component; the protective layer comprises at least one metal film of the
group consisting of tungsten (W), platinum (Pt), palladium (Pd), rhodium
(Rb), ruthenium (Ru), iridium (Ir), osmium (Os), rhenium (Re), tantalum
(Ta) and alloys thereof; and the intermediate layer comprises a mixture of
at least one silicon compound selected from the group consisting of silicon
oxide, silicon carbide and silicon nitride with a component of the protective
layer. :

In this manufacturing method, it is also preferable that the surface
of the base material after machining has an average roughness of less than
Snm; the intermediate layer has a thickness of 0.1 — 5 z m after forming on
the surface of the base material; and the protective layer has a thickness of
0.05 — 3 2 m after forming on the intermediate layer.

In this manufacturing method, it is also preferable that the surface
shape of the base material after machining is an inverse shape of a substrate
for a magnetic disk.

~ In this manufacturing method, it is also preferable that the shape of
the substrate for the magnetic disk has at least one fine pattern selected
from the group consisting of texture, pre—groove and servo pattern. The
reason for this is as follows:

When the floating height of a magnetic head is lowered in a magnetic
hard disk with high surface smoothness, a problem known as “head stick”

occurs frequently. When the device is started or stopped, the magneticisin -

-gliding contact with the magnetic disk. To start or to stop a rotation in this
situation, friction occurs between the magnetic head and the magnetic disk,
the surface of the magnetic head or the magnetic disk is abraded, which
leads to a deterioration of the electrical conversion properties. In extreme
cases, it leads to adhesion between the magnetic head to the magnetic disk

The



intérrredi ate layer has a thickness of 0.1 - 5 [err] m 11. The
press-nol ding die according to claim1l, wherein the protective |layer has a
t hi ckness of 0.05 - 3 [err] m 13. A manufacturing nmethod of a

press-nol ding die conprising the steps
7 .
and the magnetic head and the magnetic disk are damaged or even
destroyed.

In order to achieve a lower floating height and avoid head stick, a
surface roughness (so—called “texture”) is employed within a possible range.
Conventionally, a surface roughness (texture) is formed onto the entire disk
or parts of the disk by such methods as contact polishing the disk surface
with polishing tape to form a convex/concave pattern in the surface, or
forming convex/concave pattern in the surface by laser irradiation. It is
thus preferable that the disk has such a texture.

In conventional hard disks, data were inscribed onto the smooth disk
surface by a magnetic head. However, the S/N ratio of the recording signal
deteriorates due to a leakage field from the end face of the magnetic head.
To avoid this, a magnetic layer was formed on a substrate having a
concentric circular convex/concave pattern called a “pre—groove”, and the
data were recorded in the convex portions. It is preferable that the disk has
such a pre—groove pattern.

In conventional hard disks, servo information for controlling the
position of the magnetic head was magnetically recorded in a servo pattern
formed in the magnetic disk (the servo pattern consists of several rectangles
of different sizes; the servo information results from the sizes and the
positions of these rectangles). It has been proposed to employ such a servo
pattern for high—density recordings by forming a convex/concave pattern on
the substrate surface. It is preferable that the disk has such a servo
pattern.

In the above manufacturing method, it is also preferable that the
surface shape of the base material after machining is an inverse shape of an
optical element.

According to the present invention, a manufacturing method of a
press—molding die comprises the steps of providing a master press—molding
die having a same shape as a glass article to be press—molded has; preés——
molding a glass including silicon dioxide as a main component by the master
die; using the glass press—-molded for a base material that has an inverse
shape as a. glass article to be press—molded has; forming an intermediate
layer on the surface of the base material by a wet deposition process of
electroplating or electroless plating or by a dry deposition process of vacuum
deposition, sputtering or ion plating, which intermediate layer is heat
resistant at high temperatures wherein the die is used and comprises a



35  of: machi ning a surface of a base material conprising an

J norgani ¢ oxi de precisely to an inverse shape of a glass article by at
| east one of the t echni ques sel ected fromthe group consisting of
grinding, cutting, |apping, pol i shing and dry etching;

formng an internmediate | ayer on the surface of the base material by a

wet deposition process of electroplati ngﬂ or electroless plating or by a dry
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rhodi-um ( Rh*drmmg the protective layer on the surface of the intermediate layer by a wet
deposition process of electroplating of electroless plating or by a dry
deposition process of vacuum deposition, sputtering or ion plating.

In this manufacturing method, it is preferable that the press—molded
glass for base material comprises press—molded glass that adheres to hard

metal, cermet or ceramics.

In this manufacturing method, it is also preferable that the base
material comprises a glass including silicon dioxide as a main component
and at least one material selected from the group consisting of aluminium
oxide, magnesium oxide, zin¢ oxide, alkali metal oxide and alkaline earth
metal oxide. :

In this manufacturing method, it is also preferable that the glass has
a glass transition temperature that is at least 50°C higher than that of a
glass to be press—molded.

In this manufacturing method, it is also preferable that the
intermediate layer comprises at least one material selected from the group
consisting of titanium (T¥), vanadium (V), chrome (Cr), zirconium (Zr),
niobium (Nb), molybdenum (Mo), hafnium (Hf), tantalum (Ta), tungsten (W)
and alloys thereof.

In this manufacturing method, it is also preferable that the
intermediate layer comprises a mixture of at least one silicon compound
selected from the group consisting of silicon oxide, silicon carbide and silicon
nitride with a component of the protective layer.

In this manufacturing method, it is also preferable that the surface of
the base material after forming has an average roughness of less than 5nm;
the intermediate layer has a thickness of 0.1 — 5 ¢ m after forming on the
surface of the base material; and the protective layer has a thlckness of
0.056 — 3 u m after forming on the intermediate layer. :

In this manufacturing -method, it is alse preferable that the surface
shape of the base material after forming is an inverse shape of a substrate
for a magnetic disk.

In this manufacturing method, it is also preferable that the shape of
the substrate for the magnetic disk has at least one fine pattern selected



rut.henium(Ru), iridium(Ir), 6sm'um(Os), rhenium (Re), tantalum (Ta) and

.al l oys thereof; and formng the protective |ayer on the surface
of the internediate |ayer by a wet deposition process of electroplating
of electroless plating or by a dry deposition process of vacuum
deposition, sputtering or ion plating wherein said internedi ate
| ayer conprises .... that is included iﬂ t he protective | ayer. 13,

The manuf actiemihearonpconsisting-efdexiined prer-arreveand servepatdertai m 12.

wher ei n sai d base IRp{lRs ddneRERIAL éthod) ¥ BP#Ise pisfctabid Shatotipsdihbes On

oxi de or al um ni urPn&m e as %eg’:néin cc; gnelrllt . 14, ors he m%,nuf act ur| ng

met hod of - a SHABE Chidieibate Materal aiterlgrrang iis o inversesbape ptan @D

mat eri al comgbermnemat. an i norgani c oxide that is a glass i ncluding silicon

di oxide as a mi ”&%Pcﬁﬂg”éo @ﬂg p%sén%aﬁve?l%n@_ Mfacturing method of a
press—molding die comprises the steps of providing a master press—molding
die having an inverse shape as a glass article to be press—molded has;
manufacturing a first press—molding die that has a same shape as a glass
article has; press molding a glass including silicon dioxide as a main
component by the first die; using the glass press—molded for a base
material that has an invérse shape as a glass article to be press—molded has;
forming an intermediate layer on the surface of the base material by a wet
deposition process of electroplating or electroless plating or by a dry
deposition process of vacuum deposition, sputtering or ion plating, which
intermediate layer is heat resistant at high temperatures wherein the die is
used and comprises a material that adheres to both the base material and a
protective layer, comprises at least one metal film of the group consisting of
tungsten (W), platinum (Pt), palladium (Pd), rhodium (Rh), ruthenium (Ru),
iridium (Ir), osmium (Os), rhenium (Re), tantalum (Ta) and alloys thereof;
and forming the protective layer on the surface of the intermediate layer by
a wet deposition process of electroplating or electroless plating or by a dry
deposition process of vacuum deposition, sputtering or ion plating. In this
manufacturing method of a press—molding die, a first press—molding die that
has a same shape as a glass article has is manufactured by press—molding
a glass including silicon dioxide as a main component by the master die;
using the glass press—molded for a base material that has a same shape as a
glass article to be press—-molded has; forming an intermediate layer on the
surface of the base material by a wet deposition process of electroplating or
electroless plating or by a dry deposition process of vacuum deposition,
sputtering or ion plating, which intermediate layer is heat resistant at high
temperatures wherein the die is used and comprises a material that adheres
to both the base material and a protective layer, comprises at least one metal
film of the group consisting of tungsten (W), platinum (Pt), palladium (Pd),
rhodium (Rh), ruthenium (Ru), iridium (Ir), osmium (Os), rhenium (Re),
tantalum (Ta) and alloys thereof; and forming the protective layer on the
surface of the intermediate layer by a wet deposition process of
electroplating or electroless plating or by a dry deposition process of vacuum




selected fromthe group consisting of alum nium oxide, magnesi um oxi de,
zinc oxide, alkali netal oxide and al kaline-earth netal oxide. 15

The manufacturing nmethod of a press-nolding die according to claim 14.
wherein said glass has a glass transition tenperature that is at |east
50[err] C higher than that of a glass to be press-nolded. 16. The
manuf act.uri hod of  a press-nol_di nguhi e according to claim wher ei n
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that adheres to hard metal, cermet or ceramics.

In this manufacturing method of a press—molding die, it is also
preferable that the base material comprises a glass including silicon dioxide
as a main component and at least one material selected from the group
consisting of aluminium oxide, magnesium oxide, zinc oxide, alkali metal
oxide and alkaline earth metal oxide. :

In this manufacturing method of a press—molding die, it is also
preferable that the glass has a glass transition temperature that is at least
50C higher than that of a glass to be press—molded.

In this manufacturing method of a press-molding die, it is also
preferable that the intermediate layer comprises at least one material
selected from the group consisting of titanium (T3), vanadium (V), chrome
(Cr), zirconium (Zr), niobium (Nb), molybdenum (Mo), hafnium (Hf),
tantalum (Ta), tungsten (W) and alloys thereof.

In this manufacturing method of a press—molding die, it is also
preferable that the intermediate layer comprises a mixture of at least one
silicon compound selected from the group consisting of silicon oxide, silicon
carbide and silicon nitride with a component of the protective layer.

In this manufacturing method of a press—molding die, it is also
preferable that the surface of the base material after forming has an average
roughness of less than 5nm; the intermediate layer has a thickness of 0.1 —
5 14 m after forming on the surface of the base material; and the protective
layer has a thickness of 0.05 — 3 1 m after forming on the intermediate layer.

In this manufacturing method of a press—molding die, it is also
preferable that the surface shape of the base material after forming is an
inverse shape of a substrate for a magnetic disk. '

In this manufacturing method of a press—molding die, it is also
preferable that the shape of the substrate for the magnetic disk has at least
one fine pattern selected from the group consisting of texture, f)re—groové
and servo pattern. '

In this manufacturing method of a press—molding die, it.is also
preferable that the surface shape of the base material after forming is an
inverse shape of an optical element.

According to the present invention, a manufacturing method of a



36 12. wherein said internediate | ayer conprises at |east one materi al

sel ected fromthe group consisting of titanium (Ti), vanadium (V),
chrome (Cr), zirconium (Zr), niobium (Nb), nolybdenum (M), hafnium
(Hf), tantal um (Ta), tungsten (W and alloys thereof. 19. The

manuf acturing method of a press-nolding§ie according to claim

glass article comprises the steps of manufacturing a press—molding die;
putting a glass preform for a glass article on the manufactured press—
molding die; heating the glass preform above the softening temperature of
the glass preform on the die; press—molding the glass preform by another
die which is heated; and cooling the glass to retrieve it. In this
manufacturing method of a glass article, the press—molding die is
manufactured by machining a surface of a base material comprising an
inorganic oxide precisely to an inverse shape of a glass article by grinding,
cutting, lapping, polishing or dry etching; forming an intermediate layer on
the surface of the base material by a wet deposition process of electroplating
or electroless plating or by a dry deposition process of vacuum deposition,
sputtering or ion plating, which intermediate layer is heat resistant at high
temperatures wherein the die is used and comprises a material that adheres
to both the base material and a protective layer, comprises at least one metal
film of the group consisting of tungsten (W), platinum (Pt), palladium (Pd),
rhodium (Rh), ruthenium (Ru), iridium (Ir), osmium (Os), rhenium (Re),
tantalum (Ta) and alloys thereof, and forming the protective layer on the
surface of the inftermediate layer by a wet deposition process of
electroplating or electroless plating or by a dry deposition process of vacuum
deposition, sputtering or ion plating.

In this manufacturing method of a glass article, it is preferable that
the base material comprises an inorganic oxide including silicon oxide or
aluminium oxide as a main component.

In this manufacturing method of a glass article, it is also preferable
that the base material comprises an inorganic oxide that is a glass including
silicon dioxide as a main component and at least one material selected from
the group consisting of aluminium oxide, magnesium oxide, zinc oxide, alkali
metal oxide and alkaline-earth metal oxide.

In this manufacturing method of a glass article, it is preferable that
the glass has a glass transition temperature that is at least 50°C higher
than that of a glass to be press—molded.

In this manufacturing method of a glass article, it is also'preferablé
that the base material comprises at least one material selected from the

- group-consisting of quartz glass and monocrystal alumina.

In this manufacturing method of a glass article, it is also preferable
that the intermediate layer comprises at least one material selected from the
group consisting of titanium (Ti), vanadium (V), chrome (Cr), zirconium (Zr),



13, wherein said internediate | ayer conprises a conponent that is included
in the base material and a conponent that is included in the protective

| ayer. 18. The manufacturing nmethod of a press-nolding die
according to claim 13. wherein said base material conprises
an inorgani c oxide including al um ni oxi de as a mai n conponent;

the protective Iayer corrprlses at | east~dne netal filmof the group

consi sting #okigwsyNb) mojybdenum Me), (rnium (Hih dantalupy (Ta); eugsten @) ,
rut heni um (Maﬂ@s@m@ ry, osmum(Gs), rhenium (Re), tantalum (Ta) and
of a1 least one - ThhinmanmieeiRe mpteed 68 soalars SHieke oo RsAESblg o
al um ni um oxhale the mw:tnaédmtmlayaarmommd@svm tcomponenp ¢hat tis dhcluded @notirct i ve
layer. base material and a component that is included in the protective layer.

In this manufacturing method of a glass article, it is also preferable
that the base material comprises an inorganic oxide including aluminium
oxide as a main component; the protective layer comprises at least one
metal film of the group consisting of tungsten (W), platinum (Pt), palladium
(Pd), rhodium (Rh), ruthenium (Ru), iridium (Ir), osmium (Os), rhenium (Re),
tantalum (Ta) and alloys thereof; - and the intermediate layer comprises a
mixture of at least one aluminium compound selected from the group
consisting of aluminium ox1de and aluminium n1tr1de with a component of
the protective layer.

In this manufacturing method of a glass article, it is also preferable
that the base material comprises an inorganic oxide including silicon oxide
as a main component; the protective layer comprises at least one metal film
of the group consisting of tungsten (W), platinum (Pt), palladium (Pd),
rhodium (Rh), ruthenium (Ru), iridium (Ir), osmium (Os), rhenium (Re),
tantalum (Ta) and alloys thereof, and the intermediate layer comprises a
mixture of at least one silicon compound selected from the group consisting
of silicon oxide, silicon carbide and silicon nitride with a component of the
protective layer.

In this manufacturing method of a glass article, it is also preferable
that the surface of the base material after machining has an average
roughness of less than 5nm; the intermediate layer has a thickness of 0.1 —
5 u m after forming on the surface of the base material; and the protective
layer has a thickness of 0.05 — 8 4 m after forming on the intermediate layer.

In this manufacturing method of a glass article, it is also preferable
that the surface shape of the base material after machining is an inverse
shape of a substrate for a magnetic disk.

In this manufacturing method of a glass article, it is also preferable

-that the shape of the substrate for the magnetic disk has at least one fine
pattern selected from the group consisting of texture, pre—groove and servo.
pattern.

In this manufacturing method of a glass article, it is also preferable
that the surface shape of the base material after machining is an inverse



19.' The manufacturing nmethod of a press-nolding die according to claim

.19. wherein said base material conprises an inorganic oxide

i ncluding silicon oxi de as a mmi n conponent; the protective
| ayer conprises at |east one netal filmof the group consi sting of
tungsten (W, platinum (Pt), palladium (Pd), rhodium (Rn), rut heni um

(Ru), iridium(lr), osmum {CB) r heni (Re), tantalum (Ta) and al |l oys
t her eof ; anéhapeofantiptméeememﬁmdu ate layer conprises a mxture of at
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accordi ng t puttingnma glass preform for a glass article on the manufactured press—
molding die; heating the glass preform above the softening temperature of
the glass preform on the dié; press—molding the glass preform by another
die which is heated; and cooling the glass to retrieve it. In this
manufacturing method of a glass article, the press-molding die is
manufactured by providing a master press-molding die which has a same
shape as a glass article to be press—molded has; press—-molding a glass
including silicon dioxide as a main component by the master die; using the
glass press—molded for a base material that has an inverse shape as a glass
article to be press-molded has; forming an intermediate layer on the
surface of the base material by a wet deposition process of electroplating or
electroless plating or by a dry deposition process of vacuum deposition,
sputtering or ion plating, which intermediate layer is heat resistant at high
temperatures wherein the die is used and comprises a material that adheres
to both the base material and a protective layer, comprises at least one metal
film of the group consisting of tungsten (W), platinum (Pt), palladium (Pd),
rhodium (Rh), ruthenium (Ru), iridium (r), osmium (Os), rhenium (Re),
tantalum (Ta) and alloys thereof: and forming the protective layer on the
surface of the intermediate layer by a wet deliosition process of
electroplating or electroless plating or by a dry deposition process of vacuum
deposition, sputtering or ion plating.

In this manufacturing method of a glass article, it is preferable that
the master press—molding die having a same shape as a glass article is
press—molded by a die that has an inverse shape as the glass article has.

In this manufacturing method of a glass article, it is preferable that
the press—molded glass for base material comprises press—molded glass that
adheres to hard metal, cermet or ceramics.

In this manufacturing method of a glass article, it is preferable that
the base material comprises a glass including silicon dioxide as a main
component and at least one material selected from the group consisting of

. aluminium oxide, magnesium oxide, zinc oxide, alkali metal oxide and

alkaline earth metal oxide.
In this manufacturing method of a glass article, it is preferable that
the glass has a glass transition temperature that is at least 50°C higher



12." wherein the surface of the base material after machining has

.an average  roughness of |ess than 5nm
37 the internediate | ayer has a thickness of 0.1 - 5 [err] m
after form ng on the surface of the base material; and
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than that of a glass to be press—molded.

In this manufacturing method of a glass article, it is preferable that
the intermediate layer comprises at least one material selected from the
group consisting of titanium (Ti), vanadium (V), chrome (Cr), zirconium (Zr),
niobium (Nb), molybdenum (Mo}, hafnium (Hf), tantalum (Ta), tungsten (W)
and alloys thereof.

In this manufacturing method of a glass article, it is preferable that
the intermediate layer comprises a mixture of at least one silicon compound
selected from the group consisting of silicon oxide, silicon carbide and silicon
nitride with a component of the protective layer.

In this manufacturing method of a glass article, it is preferable that
the surface of the base material after forming has an average roughness of
less than 5nm; the intermediate layer has a thickness of 0.1 — 5z m after
forming on the surface of the base material; and the protective layer has a
thickness of 0.05 — 8 ¢ m after forming on the intermediate layer.

In this manufacturing method of a glass article, it is preferable that
the surface shape of the base material after forming is an inverse shape of a
substrate for a magnetic disk.

In this manufacturing method of a glass article, it is preferable that
the shape of the substrate for the magnetic disk has at least one fine pattern
selected from the group consisting of texture, pre—groove and servo pattern.

In this manufacturing method of a glass article, it is preferable that
the surface shape of the base material after forming is an inverse shape of an
optical element. '

The present invention makes it easy to manufacture a press—molding
die for magnetic disk substrates or optical glass elements having a very
smooth surface and a very precise fine pattern or shape corresponding to the
magnetic disk glass substrate or the optical glass element to be formed.

When the press—molding die according to the present invention is
used, a magnetic disk glass substrate or an optical glass element can be
easily manufactured by transferring the die shape of the press—molding die
with precision and high accuracy. Moreover, a press—molding die for
miérolenses, which hitherto could not be manufactured by press—molding,
can be manufactured in large quantities at low cost.

Moreover, little deterioration of the die is caused by repeated use
over a long period and the life expectancy of the die is extended.

Moreover, due to the above effects, a magnetic disk glass substrate or



t he protect

ive layer has a thickness of 0.05 - 3 [err] mafter form ng on

the internmedi ate | ayer. 21. The manufacturing nethod of a

press-nol ding die according to.-claim 12. wherein the surface shape of
the base materi al after rrachi ning is an i nver se shape of a substrate
for a magnetic disk. The ”ng,‘“f acturi ng met hod of a

priess- nol di g&ldl e ac ordlgg to cl '{ég rein the shape_of the
substrate fdH PP Raxy 'Eurﬁﬁén gef‘ﬁ‘h@‘f&ﬁ?‘?éﬂp‘gé@%fet ed

fromthe group consisting of texture pre- groove and servo pattern.

The manuf act - according to claim 12
wherei n the Sur gc@?%ﬂﬂ?;mmgafter machining is an

FIG. 1 is a sectional view of a die for press—molding the glass substrate for a
magnetic disk according to an example of the present invention.

FIG. 2 is a schematic drawing showing the general structure of a press—
molding machine using the die for press—molding according to an
example of the present invention.

FIGS. 3A - E are schematic diagrams illustrating the manufacturing process
of a die for press—molding an optxcal glass element according to
Example 3 of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

' A first embodiment of the present invention is a press—molding die
comprising: a die base material comprising an oxide; an intermediate
layer comprising a metal or an alloy with high thermal resistance formed on
a press—molding face of the die base material; and a protective layer that is
a thin film comprising a noble metal or an alloy of noble metals formed on
the intermediate layer.

A second embodiment of the present invention is a press—moldmg die
comprising: a die base material comprising an oxide; an intermediate
layer; and a protective layer that is a thin film comprising a noble metal or
an alloy of noble metals formed on the intermediate layer; the intermediate
layer comprising a component of the die base material of the molding die and
a component of the protective layer and being formed on a press—molding
face of the die base material.

A third embodiment of the present invention is a press—molding die
comprising: a die base material having a smooth surface and comprising
glass or monocrystal alumina; an intermediate layer comprising a metal or
an alloy with high thermal resistance formed on a press—molding face of the
die base material; and a protective layer that is a thin film comprising a
noble metal or an alloy of noble metals formed on the intermediate layer.

A fourth embodiment present invention is a press—molding die
comprising: a die base material having a smooth surface and comprising
glass or monocrystal alumina; an intermediate layer; and a protective
layer that is a thin film comprising a noble metal or an alloy of noble metals
formed on the intermediate layer; the intermediate layer comprising a

23



i nver se shape of an optical elenent. 24. A manuf acturing nmethod of a

press-nol ding die conprising the steps of : providing a
master press-nolding die having a sanme shape as a gl ass article to be
press- nol ded has; press-nol ding a glass including silicon

di oxi de as a mai n conmponent by the master die; usi ng the
press-nol ded glass for a base materi al #fat has an i nverse shape as a

gl ass arti clecomporentmfébs dimbasdmaserial of the molding digvand azompdrentedithe e f
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el ectroplati'ng or electroless p i on process of
vacuum depodPf Al-sputtering or ion plating, which I nternmedi ate | ayer

i's heat resistant Afifth ¢tbcliReLeITAS prase thvieh®iod B 4 press—molding die
comprising: a die base material having a fine pattern corresponding to a
glass article (for example, in a magnetic disk, lands (convex portions) and
grooves (concave portions) that are formed in repetition as concentric circles,
or, in the grating of an optical lens, lands (convex portions) and grooves
(concave portions) that are formed in repetition) comprising glass or
monocrystal alumina; an intermediate layer comprising a metal or an alloy
with high thermal resistance formed on a press—molding face of the die base
material; and a protective layer that is a thin film comprising a noble metal
or an alloy of noble metals formed on the intermediate layer.

A sixth embodiment of the present invention is a press—molding die
comprising: a die base material having a fine pattern corresponding to a
glass article and comprising glass or monocrystal alumina; an intermediate
layer; and a protective layer that is a thin film comprising a noble metal or
an alloy of noble metals formed on the intermediate layer; the intermediate
layer comprising a component of the die base material of the molding die and
a component of the protective layer and being formed on a press—molding
face of the die base material.

A seventh embodiment of the present invention is a press—molding
die comprising: a die base material having a form corresponding to an
optical glass element and comprising glass or monocrystal alumina; an
intermediate layer comprising a metal or an alloy with high thermal
resistance formed on a press—molding face of the die base material; and a
protective layer that is a thin film comprising a noble metal or an alloy of
noble metals formed on the intermediate layer.

An eighth embodiment of the present invention is a press—molding
die comprising: a die base material having a form corresponding to an
optical glass element and comprising glass or monocrystal alumina; an
intermediate layer; and a protective layer that is a thin film comprising &
noble metal or an alloy of noble metals formed on the intermediate layer;
the intermediate layer comprising a component. of the die base material of
the molding die and a component of the protective layer and being formed on
a press—molding face of the die base material.

A ninth embodiment of the present invention is a press—molding die




used and conprises a material that adheres to both the base material and a
protective |ayer conprising at | east one netal filmselected fromthe group
consi sting of tungsten (W, platinum (Pt), palladium (Pd), rhodium (Rh),

rut henium (Ru), iridium(lr), osmum(Gs), rhenium(Re), tantalum (Ta) and
al I oys thereof; formng the protective |ayer on the surface of
the internedi ate | ayer by a wet depo%i?t i on process of electroplating of
el ectrol ess ¢imprisipgr dHyiebase material having a smooth surface comprising glass

or monocrystal alumina formed by dry-etching; an intermediate layer
comprising a metal or an alloy with high thermal resistance formed by
sputtering at least on a press—molding face of the die base material; and a

+  protective layer that is a thin film comprising a noble metal or an alloy of
noble metals formed on the intermediate layer after dry—etching the surface
of the intermediate layer.

A tenth embodiment of the present invention is a press-molding die -
comprising: a die base material having a smooth surface and comprising
glass or monocrystal alumina formed by dry-etching; an intermediate
layer; and a protective layer that is a thin film comprising a noble metal or
an alloy of noble metals formed on the intermediate layer after dry—etching
the surface of the intermediate layer; the intermediate layer comprising a
component of the die base material of the molding die and a component of a
protective layer and being formed by sputtering at least on a press—molding

face of the die base material.

An eleventh embodiment of the present invention is a press—molding
die comprising: a die base material having a fine pattern corresponding to a
glass article formed by dry—etching a smooth surface comprising glass or
monocrystal alumina;' an intermediate layer comprising a metal or an alloy
with high thermal resistance formed by sputtering on a press—molding face
of the die base material; and a protective layer that is a thin film
comprising a noble metal or an alloy of noble metals formed by sputtering on
a surface of the intermediate layer after dry—etching the surface of the
intermediate layer.

A twelfth embodiment of the present invention is a press—molding die
comprising: a die base material having a fine pattern corresponding to a
glass article formed by dry—etching a smooth surface comprising glass or
monocrystal alumina; an intermediate layer; and a protective layer that
is a thin film comprising a noble metal or an alloy of noble metals formed on
the intermediate layer after dry—etching the surface of the intermediate
layer; the intermediate layer comprising a component of the die base
material of the molding die and a component of a protective layer and being
formed by sputtering at least on a press—molding face of the die base
material.

A thirteenth embodiment of the present invention is a press—molding
die comprising: a die base material formed by dry—etching a glass surface



38 deposition process of vacuum deposition, sputtering or ion plating.
25. The manufacturing nethod of a press-nolding die according to claim
24, wherein said press-nolded glass for a base material conprises press-

nol ded gl ass that adheres to hard netal, cernet or ceramcs. 26. The
manuf acturi ng nmethod of a press-nolding die according to claim 24. wherein
said base material conprises a glass inaBuding silicon dioxide as a

mai n corrpond?rmadcambr&ngsm angoldihg rm.ﬁnﬁ tlavirige ghé rsh&pégtff Qr%%kﬁs artlcle, I

conel 4119, o S Bl ORGSR RS 35055 Wi Sl b
resistance formed by sPuttenng on a press—molding face of the die base .
material; and a protective layer that is a thin film comprising a noble metal
or an alloy of noble metals formed by sputtering on a surface of the
intermediate layer after dry—etching the surface of the intermediate layer.

A fourteenth embodiment of the present invention is a press—molding
die comprising: a die base material formed by dry—etching a glass surface
formed according to a molding matrix having the shape of a glass article;
an intermediate layer; and a protective layer that is a thin film comprising
a noble metal or an alloy of noble metals formed on the intermediate layer
after dry—etching the surface of the intermediate layer; the intermediate
layer comprising a component of the die base material of the molding die and
a g:omponezit of a protective layer and being formed by sputtering at least on
a press—molding face of the die base material.

A fifteenth embodiment of the present invention is a glass substrate
for a magnetic disk or an optical glass element press-formed by using a
press—-molding die of the second, third, fourth, fifth, sixth, seventh, eighth,
ninth, tenth, eleventh or twelfth embodiment of the present invention.

A sixteenth embodiment of the present invention is an optical glass
element press—formed by using a press—molding die of the thirteenth or

fourteenth embodiment of the present invention.

-

Example 1
(1) The Press—Molding die

FIG. 1 is an enlarged sectional view showing the structure of a die for
press—molding the glass substrate for a magnetic disk according to an
example of the present invention.

A base material 1 of the press—molding die includes glass with a glass
transition temperature that is higher than the glass molding temperature.
There are no specific limitations concerning the kind of glass to be used for
the base material 1, but it is preferable that its mechanical strength at high
temperatures is as good as possible and its coefficient of thermal expansion
is as small as possible, because that will prevent a change in the form of the
die due to repeated use. For example, quartz glass, which has a high glass
transition temperature, is suitable as a base material for the press—molding



27. The manufacturing nmethod of a press-nolding die according to claim
26. wherein said glass has a glass transition tenperature that is at |east
50[err] C higher than that of a glass to be press-nol ded. 28. The
manuf acturi ng nmet hod of a press-nolding die according to claim 24,
wherein said internediate | ayer conprises at |east one material selected
fromthe group consisting of titanium (I®), vanadium (V), chrone (Cr),

zi rconi um (&g, ni obi um (Nb), nol ybdenum (M), hafnium (Hf ), tantal um
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conpri ses a t BPwtlD 52!!' t?l&ﬁasgnmatenahll ivgish n@pmmmte@uchoast he
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wth a corrp%[iﬁgﬁno_e;rtgﬁ ot e&lhg emclatyd%d according to necessity. In that case,
the glass transition temperature of the glass material has to be higher than
the molding temperature of the glass element to be molded. It is preferable
that the components of the glass are selected so that the glass transition
temperature is at least about 50°C higher than the glass molding
temperature.
The surface roughness of the press—molding face of the base material
1 for press—molding magnetic disks should be not more than 5nm, preferably
not more than 2nm, most preferably not more than Inm. Such a smooth
surface can be attained by polishing the surface with ceric oxide dust.
Monocrystél alumina also can be used as a base material for the
press—molding die. Monocrystal alumina has a thermal resistance of more
than about 2000°C and, as in the case of glass, a surface roughness of less
than 5nm that is necessary for press—molding magnetic disks, preferably less
than 2nm, most preferably less than I1nm, can be attained by precision
polishing the base material with spherical grit grains of SiO, after lapping it
with diamond grit.
An intermediate layer 2 is formed on the surface of the base material
1 by sputtering with a target made of a material comprising (i) at least one
heat resistant metal from the group consisting of titanium (Ti), vanadium (V),
chrome (Cr), zirconium (Zr), niobium (Nb), molybdenum (Mo), hafnium (Hf),
tantalum (Ta), tungsten (W) and alloys thereof; and/or (ii) a mixture of at
least one silicon compound from the group consisting of silicon carbide,
silicon nitride and silicon oxide with a component of a protective layer 3,
which is described below. This intermediate layer 2 increases the bond
strength between the base material 1 and the protective layer 8 described
below and prevents exfoliation of the protective layer 3 by repeated use of the
press—molding die at high temperatures and high pressures. i
This intermediate layer 2 is formed by DC sputtering, high frequency
sputtering, magnetron sputtering or ion beam sputtering at film production
conditions of 1x10% — 1x10*Torr gas pressure and 1 — 10W/cm? power
density. The thickness of the intermediate layer should be 0.05 — 3z m.
Below this film thickness, it becomes difficult to attain a sufficient bond



30. The manufacturing nmethod of a press-nolding die according to claim
-24. wherein the surface of the base material after form ng has
an aver age roughness of |ess than 5nm the internediate

| ayer has a thickness of 0.1- 5 [err] mafter form ng on t he surface of
t he base material; and the p ot ective layer has a thickness of
0.05 - 3 [err] mafter formng on the internediate | ayer. 31.

The manuf acstnength fan thedingérmediate tayer|2ii pavedhicibn dhivkness,dtheisurface
of the intermediate layer 2 becomes rough and tends to damage the surface
smoothness of the base material 1.

The protective layer 3 is formed as a thin film on the surface of the
intermediate layer 2 by sputtering with a target made of a material
comprising at least one noble metal of the group consisting of platinum (Pt),
palladium (Pd), rhodium (Rh), ruthenium (Ru), iridium (Ir), osmium (Os),
rhenium (Re) tantalum (Ta) and alloys thereof. This protective layer 3
prevents adhesion of molded glass to the press—molding face of the base
material 1 due to repeated press—molding of glass at high temperatures and
high pressures, and deterioration of the surface smoothness due to surface
roughening of the press—molding surface of the base material 1.

This protective layer 3 is formed by DC sputtering, high frequency
sputtering, magnetron sputtering or ion beam sputtering at film production
conditions of 1x10® — 1x10*Torr gas pressure, 1 — 10W/cm® power density
and an appropriate sputtering target material. The thickness of the
intermediate layer should be 0.1 — 5 m. Below this film thickness, it is
difficult to attain a sufficient bond strength for the protective layer 3.
Above this film thickness, as in intermediate layer 2, the surface of the
protective layer 8 becomes rough and, as in the intermediate layer 2, tends to
damage the surface smoothness of the base material 1.

The bond strength between the base material 1, the intermediate
layer 2 and the protective layer 8 can be increased by dry—etching the
surface of the base material 1 with a high frequency plasma of argon or the
like before the intermediate layer 2 and the protective layer 3 are formed on
the base material 1. In this case, it is necessary to optimize the etching
conditions, so that the surface of the base material 1 is not made rough by
the dry—etching process.

FIG. 2 shows the basic structure of a press—molding apparatus using
the press—molding die according to the present invention.

A glass preform 4 is formed into a glass substrate for magnetic disks.
A ring guide 5 controls the diameter and the thickness of the glasé substrate
for magnetic disks. A lower die 6 of the press—molding die is arranged at a
lower portion on the inner side of the ring guide 5. An upper die 7 of the
press—molding die is inserted at an upper portion on the inner side of the
ring guide 5 and is movable in an upward and a downward direction (with
respect to the drawing). A ring guide heater 8 heats the ring guide 5. A



39 wherein the surface shape of the base material after formng is
-an I nverse shape of a substrate for a magnetic disk. 32. The -
manuf act uri ng met hod of a press-nolding die according to claim 31.

wherein the shape of the substrate for the magnetic di sk has at |east one
fine pattern selected fromthe group co:rﬁi sting of texture, pre-groove and

servo patt © piston cylinder 11 pushes the upper die 7 downward and applies pressure to

the glass preform 4 placed on the lower die 6. A chamber 12 encloses the
main parts of the press-molding apparatus. A nitrogen gas inlet 18
introduces nitrogen gas into the chamber 12.

In such a press—molding apparatus, the ring guide heater 8, a lower
die heater 9 and an upper die heater 10 heat up the ring guide 5, the lower
die 6 and the upper die 7 respectively, the nitrogen gas inlet 13 introduces
nitrogen gas into the chamber 12 and the piston cylinder 11 pushes the
upper die 7 downward to apply pressure to the glass preform 4 placed on the
lower die 6, so as to form a glass substrate for a magnetic disk.

Press—molding the glass substrate for a magnetic disk in an
atmosphere with a low concentration of oxygen prevents oxidation of the die
due to high press—molding temperature and increases the durability of the
mold. '

(2) Manufacturing Method for Press—Molding die and Press—Molding
Method Using the Same

The following discussion specifically explains a method for
manufacturing a magnetic disk substrate with a smooth surface and a
method for manufacturing a die for press—molding a magnetic disk glass
substrate according to the present invention, with reference to FIGS. 1 and
2. |

First of all, the press—molding faces of the base material 1 of a pair of
press—molding dies made of cylindrical quartz glass with a diameter of
48mm and a thickness of 15mm were mirror-polished with fine diamond grit
of 0.1z m grit size and then polished with ceric oxide until the surface
roughness was only 0.5nm. Then, the polished press—molding faces of the
base material 1 were etched with a high frequency plasma of argon gas at
8x10Torr argon gas pressure and 2W/cm?® power density.

Next, after the polishing was finished, a 0.2 — 0.3z m thick
intermediate layer 2 was formed by magnetron high frequency sputtering at
5x10°Torr argon gas pressure and 5W/ecm? power density using-a target of
various materials. The surface of this intermediate. layer 2 was etched by
argon gas high frequency sputtering at 8x107*Torr argon gas pressure and
2W/em?® power density.

Finally, a thin—film-shaped protective layer 3 made of a noble metal
alloy was formed on the surface of this etched intermediate layer 2 by



33. The manufacturing nmethod of a press-nolding die according to claim
.24. wherein the surface shape of the base material after formng is an '

i nverse shape of an optical elenent. 34. A manufacturing nmethod of a
press-nol ding die conprising the steps of : provi ding a master
press-nol ding die having an inverse shape as a glass article to be
pr ess- nol ded has; manuf acturj @# a_first Press-nnlding di e that

of various metals so as to

has a same Jnagretsen high frequengy sputteringswith a targe
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mter ol t ndRblesd lists the specific soniiositions, Bel R te g date Javt B Bt has:
the protective layer 3 of the sample press—molding dies 1 - 16.

A press-molding die without the intermediate layer 2 (Sample 17 in
Table 1) and a press—molding die wherein the protective layer 3 is formed on
the surface of hard metal that was mirror—-polished with 0.1 ¢ m grit size fine
diamond grit (Sample 18 in Table 1) were manufactured as comparative
examples. _

Then, the sample press—molding dies 1 — 17 and 18 were installed in
the press—molding apparatus shown in FIG. 2 and a cylindrical soda—lime
glass preform 4 of 36mm diameter was press—formed for 2min at 700°C
temperature and 60kg/cm?® pressure in a nitrogen atmosphere of not more
than 0.1vol% oxygen concentration. The presé—molding was continued
under these conditions until the temperature had cooled down to 450°C and
then the press—formed glass substrate was retrieved from the press—molding
apparatus. Thus, a disk—shaped glass substrate could be manufactured.
This disk—shaped glass substrate was provided with a bore to obtain a glass
substrate for a magnetic disk.

After such press-molding has been performed 3000 times, the
surfaces of the press—molding die and a press—formed glass substrate for a
magnetic disk were measured at five locations within a square of ca. 34 x m
side—length using an AFM (atomic force microscope). The average of the
measured surface roughnesses (SRa) was calculated and evaluated.
Furthermore, the surface of the press—formed glass substrate for a magnetic
disk was measured with an interference—type 3D surface roughness meter
and the number of coarse protrusions higher than 50nm was measured.
Table 1 shows the results of these measurements.



formng an internmediate | ayer on the surface of the base material by a
wet deposition process of electroplating or electroless plating or by a
dry deposition process of vacuum deposition, sputtering or ion plating,

which internediate | ayer is heat resistant at high tenperatures wherein the
die is used and conprises a material that adheres to both the base materi al
and a protective |ayer, conprises at |egst one netal filmof the group

consisting of tungsten (W, platinum (Pt). palladium (Pd). rhodium (Rh),

rut heni um (JFamplé } Indérmediat r]) , Pro@ntiven |( Os Pyurfadeeni um (Refacet anfal ulupibey an
al | oys t herjeoNo. apd elayer Layer  |f oRoghgeashe| prRaugbbésse |} ap&Probmusivhe
surface of jthe .| Gowposititngt Corhpogition ]y Gol(nmdepposi t(Fomedr oc ¢sén gie Formed
el ectropl atling or]electroldss platilng or by a jdSybsixage) am) W) of| -
vacuum depdsiti on| sputterijng or ion{_platjing: fand préeratrAmhii nh
a gl ass indl udi ngﬁ silicon dioxide as |dAtfixktn éWonéht After At | After
3000 | first 3000 first 3000
' times times - times
1 T Pt50-Ix50 0.8 1.3 0.7 1.2 0 0
2 A\ W50-Ru50 1.0 11 0.9 1.0 0 o
3 Cr Ix50-—Re50 0.7 1.0 0.6 0.9 0 0
4 Zr Pd50-Ws0 1.1 11 1.1 1.0 0 0
5 w Ru50-Reb0 14 15 1.3 1.3 0 0
6 Nb 0Os50-Rh50 1.6 1.7 14 1.5 0 0
7 Moreover Pt50-Re50 15 1.5 1.2 1.3 0 0
8 Ta Rh50-Tab0 1.3 1.6 1.5 16 0 0
g Si0,-Pt . Pt50-Ir50 1.2 14 1.1 12 0 0
10 Si0Ir Ir50-Re50 1.0 1.0 1.1 1.3 0 Y
11 SiO,—Pd Pd50-W50 0.9 1.1 0.8 09 0 o
12 SiC-Rh Rh50-Ta50 1.0 1.1 1.2 14 0 0
13 SiC-wW W50-Rub50 1.3 14 1.3 1.5 0 0
14 SiC—-Ru Ru50-Re50 1.5 1.5 1.3 1.3 0 0
15 SigN,~Os Os50-Rh50 14 14 13 1.7 0 0
16 Si,N,Re Pt50-Reb0 14 1.6 1.5 1.6 0 0
17 None Pt50Jr50 13 10.6 1.3 11.5 2 64
18 None Ir50-Re50 130 —_ 13.0 —_ 79 —_
Table 1 - The Die Base Material for Sample 18 is Hard Metal

As becomes clear from Table 1, even in the 3000th press—formed
glass—substrate for a magnetic disk, there was almost no change in the
surface roughness compared to the first press—formed articles nor could
formation of coarse protrusions be observed when the press—formed articles
were manufactured with a press—molding die according to the present
example (Sample 1 — 16).

On the other hand, when a press—molding die without intermediate
layer 2 was used (S:'unple 17), the surface became very rough and the
formation of coarse protrusions >50nm could be observed.

When a press-molding die with a protective layer 3 formed on the

. surface of hard metal base material is used (Sample 18), then already in the
first molded articles, the surface roughness was rough and coarse
protrusions were formed. Furthermore, the occurrence of tiny partial film '
exfoliations in the surface of the press—molding die was observed with an
optical microscope at X400 magnification power.



by the first die; 40
.using the glass press-nolded for a base nmaterial that has an inverse
shape as a glass article to be press-nol ded has; form ng an
i ntermedi ate | ayer on the surface of the base material by a wet '
deposi tion process of electroplating cwzflectroless plating or by a dry

This was an example of a method for manufacturing a magnetic disk
glass substrate by press—-molding with glass as a die base material and a
method for manufacturing a die for press-molding a magnetic disk glass
substrate, however, similar results could be attained for optical glass
elements. :
Moreover, similar results could be attained for the manufacturing of
magnetic disk glass substrates and optical glass elements using press—
molding dies with monocrystal alumina as the die base material.

Example 2
(1) The Press-Molding die

The following example of the present invention specifically explains
(with reference to FIGS. 1 and 2) a method for manufacturing a magnetic
disk glass substrate having a fine pattern and a method for manufacturing a
die for press—molding a magnetic disk glass substrate.

In order to form a fine pattern on the surface of the base material 1 of
the press—molding die, resist is applied by spin—coating and pre-baked.
Then, a resist pattern is formed by conventional UV exposition, laser beam
exposition, which draws the pattern with a laser beam, or electron beam
exposition, which draws the pattern with an electron beam. Then, dry—
etching is performed with the formed resist pattern as a mask and a pattern
is formed on the surface of the base material 1.

The dry—etching should be performed by ion beam etching with argon
gas, a fluoric gas such as CF, or a mixed gas of a fluoric gas and oxygen,
electron cyclotron resonance (ECR) ion etching or another etching method
with good directivity.

(2) Manufacturing Method for Press—Molding die and Press—Molding
Method Using the Same

The following is a specific explanation of a method for manufacturing
a magnetic disk substrate with a fine pattern and a method for
manufacturing a die for press—molding such a magnetic disk glass substrate.

As in Example 1, the press—molding faces of the base material 1 of a
pair of press—molding dies made of cylindrical quartz glass with a diameter
of 48mm and a thickness of 15mm were mirror—polished with fine diamond
grit and then polished with ceric oxide until the surface roughness was only
0.5nm. Then, the polished press—molding faces of the base material 1 were



depbsi tion process of vacuum deposition, sputtering or ion plating, which

i ntermedi ate layer is heat resistant at high tenperatures wherein the die

S used and conprises a material that adheres to both the base _

material and a protective |ayer, conprises at |east one netal film of

t he group consi sting of tungsten V\) pI ati num (Pt), palladium (Pd),

r hodi um (Rh), .rut heni um Ru) i ri m (| spmum,. (0s), Jhenium
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The manuf actdevielnpmens mﬂmr@ls!spahtetnil ng di e according to claim 34.

wherein said presgy ‘%ﬁg ]%%é f 3 hasEn | OBRLd SEStldAS

nol ded gl ass th ce cerapn Cs.
electron cyclotron resonance 1on etching with argon gas

at a vacuum degree of 6x10~*Torr and 1000W power to form a fine pattern of
200nm depth in the press—molding face of the base material 1. As in
Example 1, an intermediate layer 2 was formed by magnetron high
frequency sputtering using a target of various materials after etching the
polished press—-molding face of base material 1 into which a fine pattern has
been formed with a high frequency argon gas plasma. The surface of this
intermediate layer 2 was etched with a high frequency argon gas plasma.

Finally, a thin—film—shaped protective layer 3 made of a noble metal
alloy was formed on the surface of this etched intermediate layer 2 by
magnetron high frequency sputtering with a target of various materials so as
to manufacture sample press—molding dies 19 — 36 as shown in Table 2 below.
Table 2 lists the specific compositions used for the intermediate layer 2 and
the protective layer 8 of the sample press—molding dies 19 — 36.

As a comparative example, a silicon oxide sputter film was formed on
the press—molding face of a mirror-polished cylindrical quartz glass, a
pattern was formed by electron beam exposition and dry—etching was
performed with CF, to form a fine pattern. Then, a silicon carbide sputter
film was formed on the press—molding surface of the polished base material 1
onto which a fine pattern has been formed. Then, a protective layer 3 made
of carbon was formed by plasma CVD using a mixed gas of methane and
hydrogen (Sample 37 in Table 2).

The sample press—molding dies 19 — 86 and 37 were installed in the
press—molding apparatus shown in FIG. 2 and a c¢ylindrical soda—lime glass
preform 4 of 85mm diameter was press—formed for 2min at 700 °C
temperature and 60kg/cm® pressure in a nitrogen atmosphere of not more
than Q.1vol% oxygen concentration. The press—molding was” continued
under these conditions until the temperature had cooled down to 450°C and
then the press—formed glass substrate was retrieved from the press—molding
apparatus. Thus, a disk-shaped glass substrate could be manufactured.
This disk—shaped glass substrate was provided with a bore to obtain a glass
substrate for a magnetic disk.



36. The manufacturing nmethod of a press-nolding die according to

claim 34. wherein said base material conprises a glass including
silicon dioxide as a mai n conponent and at |east one naterial

sel ected fromthe group consi sting of alum nium oxi de, magnesi um

oxi de, zinc oxide, alkali netal og%de and al kaline earth netal oxide.
37. The manuf acturing nmethod of ss-nol di,ng, die according to claim
36. wher ei n sai éﬁé?ﬁ’é%fgf-ﬁﬁn t le’é‘@ﬁgr‘%ﬁé’ﬁmﬁﬁnﬁ%g&g‘ﬂ P%St’-h%ﬁl‘ageswﬁfe

| east Hifadidfed Withharschiiihg BRttroh Mmidosdopel And &t WadSascePladfsd that 38.

wher e sai dednaAR BRSO e wBCRGAIY birlbed o85S fhephtbechlnitigage oL
from the gr dhe pressimolding die withaa idimendional exnonof lassthan 0% .onFhe tands
" had a surface roughness (SRa) of 0.8nm, which was about the same level as
the surface roughness of the press—molding face of the press—-molding die.
After such press-molding has been performed 3000 times, the
surface of the groove portions of the fine pattern in the press—molding face of
the press—molding die and the press—molding face and the surface of the land
portions in a press—formed glass substrate for a magnetic disk were
measured at five locations within a ca. 34 4 m square using an AFM (atomic
force microscope). The average of the measured surface roughnesses (SRa)
was calculated and evaluated. Furthermore, the surface of the press—
formed glass substrate for a magnetic disk was measured with an
interference—type 8D surface roughness meter and the number of coarse
protrusions higher than 50nm was measured. Table 2 shows the results of
these measurements.



ziréonium(Zr), ni obi um (Nb), nol ybdenum (Md), hafnium (Hf), tantal um

(Ta), tungsten (W and all oys thereof. 39. The manuf acturing net hod
of a press-nolding die according to claim 34. wherein said
intermedi ate | ayer conprises a mxture of at |east one
27
Sample | Intermediat Protective Surface Surface Number
No. e layer Layer Roughness Roughness of Protrusions
Composition | Composition | (Mold) (um) (Formed (in the Formed
. Substrate) (am) Substrate)
- (protr/mm?)
At first | After | At After At After
' 3000 { first 3000 first 3000
: times times times
19 Ti Pt50-Ir50 0.9 14 0.7 11 0 0
20 )4 W50-—Reb0 1.1 12 1.0 1.2 0 0
21 Cr Ir50-Re50 0.6 0.8 0.5 0.7 0 0
22 Zx Pd50-W50 12 1.3 1.1 1.2 0 0
23 W Rub0-Re50 14 14 1.2 1.2 0 g
24 Nb 0Os50-Rh50 1.8 19 1.5 1.6 0 0
25 Mo Pt50-—Re50 1.3 14 13 14 0 0
28 Ta Rh50-Tab0 1.5 1.6 1.3 14 0 0
27 Hf 0g50-Rh50 1.2 14 1.1 13 0 0
28 S8i0~Pt Pt50-Jr50 0.9 11 0.8 0.8 0 0
29 SiOIr Ix50-Re50 1.1 1.0 11 1.2 0 0
30 Si0,-Pd Pas0-W50 1.0 1.2 0.9 0.8 0 0
31 SiC-Rh Rh§0-Tab0 09 1.0 1.1 1.3 0 0
32 SiC-Pt Pt50-Ru50 14 1.3 1.5 14 0 0
33 SiC-Ru Rub0-Reb50 1.3 16 1.2 1.3 0 0
34 SizN~Os Os50-Rh50 1.3 14 1.2 1.5 0 0
86 Si,N Pt Pt50-Re50 1.0 14 0.8 1.0 0 0
36 Si;N—Re Re50—-Ta50 1.3 1.5 13 16 0 0
37 SiC C 1.0 220 11 220 0 2200
Table 2 '

As becomes clear from Table 2, even in the 8000th press—formed
glass—substrate for a magnetic disk, there was almost no change in the
surface roughness compared to the first press—formed articles nor could
formation of coarse protrusions be observed when the press—formed articles
were manufactured with a press-molding die according to the present
invention (Sample 19 — 86).

On the other hand, when the press—molding die having a protective
layer 8 of carbon formed on the base material 1 (Sample 87) was observed
with an optical microscope at X800 magnification power, defects such as
exfoligtion of the protective layer 3 in an edge portion of the fine pattern and
changes in the fine pattern could be observed in the surface of the press—
molding die. ' ' '

This was an example of a method for manufacturing a magnetic disk
glass substrate by press—molding with glass as a die base material and a



41 silicon conpound selected fromthe group consisting of silicon
oxi de, silicon carbide and silicon nitride with a conponent of the
protective |l ayer. 40. The manufacturing nmethod of a press-nol di ng
di e according to claim 34. wher ei n t he surface of the base
material after form ng has an average roughness of |ess than 5nm
the internedi ate | ayer has a thickness é 0.1- 5 [err] mafter form ng on
t he surf ace nsdthbefopamanufictarnig aaded for press—moldihg Prahgastivdislaydasdas a
t hi ckness o N serr f1.6 or [ n he in{er | at.e .kayer.
1. ppidstiate il & S8 defors? of P08 ang, gfedfoq hOWERS, iy
claim results could be attained for optical glass elements having a fine pattern.
Moreover, similar results could be attained for the manufacturing of
magnetic disk glass substrates and optical glass elements using press—

molding dies with monocrystal alumina as the die base material.

g )

Example 3
(1) The Press—Molding die .

The following is a specific explanation (with reference to FIGS. 3A —
3E} of a method for manufacturing a convex optical glass element less than
2mm in diameter, which previously could not be manufactured with a press—
molding method, and a method for manufacturing a die for press—molding
such an optical glass element. '

FIGS. 3A - 3E illustrate the basic steps for manufacturing a die for
press—molding an optical glass element according to an example of the
present invention. Numeral 14 indicates a model of the lens to be
manufactured (called “lens model” below). For a forming base material 15,
the press—molding face of a cylindrical glass is processed with a grinding
method and polished to obtain a curved surface or a flat surface having the
same smoothness and the same shape as the upper or lower curved surface
or the flat surface of the lens model 14 in FIG. 3. An intermediate layer 17
and a protective layer 18 are formed in this order on the surface of the base
material 15 to obtain a molding matrix 16. A base material 19 for a press—
molding die that has a surface with the same smoothness and the same
shape as the upper or lower curved surface or the flat surface of the lens
model 14 is formed by pressing the press—molding face of the molding matrix
16 into the plane of a heated cylindrical glass. This base material 19 is
made of a glass with a transition temperature that is at least about 50°C
lower than the molding temperature of the glass used for the base material
15 of the molding matrix. A molding die 20 is obtained by forming an
intermediate layer 21 and a protective layer 22 in that order on the surface of
the base material 19. : .

To manufacture the molding die 20, first, the press—molding face of
cylindrical glass is processed with a grinding method and polished to form
the base material 15 of the molding matrix (see FIG. 3B) having the same
smoothness and the same shape as one curved or flat surface of the lens



34. wherein the surface shape of the base material after formng is an

Jdnverse shape of a substrate for a nmagnetic disk. 42. The manufacturing
nmet hod of a press-nolding die according to claimA4l. wherei n the shape of
the substrate for the magnetic disk has at |east one fine pattern

sel ected fromthe group consi sting of tEEture pre-groove and servo

B or i ng ¢ onoral wese FIBHARS e R T Ran 1B i rermudhetimdcbs ering)
after forninthd intermediatevizyes lgham the mtami%_chiyeﬁllﬁlﬁﬂthat é4der on Ahe
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Subsequently, a base matenal 19 for a press—molding die that has a
convex or flat surface with the same smoothness and the same shape as one
curved surface or the flat surface of the lens model 14 is formed by pressing
the press—molding face of the molding matrix 16 on the press—molding face of
a heated cylindrical glass (FIG. 8D). The molding die 20 is manufactured
by forming the intermediate layer 21 and the protective layer 22 in that
order on the surface of this base material 19 (see FIG. 3E).

- Another molding die 20 that has a convex or flat surface with the
same smoothness and the same shape as the other curved surface or flat
surface of the lens model 14 can be produced with the same method of
manufacturing, so that a pair of molding dies 20 can be produced.

As a result, a convex or concave lens with a small diameter that has
same surface smoothness as a polished glass surface, which hitherto could
not be produced, can now be produced.

(2) Manpufacturing Method for Press—Molding die and Press—Molding
Method Using the Same

The following is a more specific explanation (with reference to FIG.
3A — E) of a method for manufacturing a convex optical glass element less
than 2mm in diameter and a method for manufacturing a die for press—
molding such an optical glass element.

First of all, two cylindrical pieces of quartz glass 1.8mm in diameter
and 5mm in length were polished. A base material 15 of a molding matrix
for a microlens having a convex press—molding surface with a radius of
curvature of 0.9mm and a base material 15 of a press—molding matrix for a
microlens having a flat press—molding surface were formed and the press—
molding faces of these base materials 15 were polished with ceric oxide grit
until their surface roughness was only Inm.

Then, an intermediate layer 17 made of silicon carbide = platinum’
(SiC-Pt, with 50wt% Pt content) was formed by magnetron high frequency
sputtering, after the polished press faces of these base materials 15 were
etched with a high frequency argon gas plasfna, as in Example 1. The '
surface of this intermediate layer 17 was etched with a high frequency argon
gas plasma. Subsequently, a protective layer 18 made of a platinum —



machi ning a surface of a base material conprising an I norgani ¢ oxi de

precisely to an inverse shape of a glass article by grinding, cutting,

| appi ng, polishing or dry etching; form ng an

i ntermedi ate | ayer on the surface of the base material by a wet
deposition process of electroplating or electroless plating or by a dry

deposi tion process of vacuum deposition,3%puttering or ion plating,

whi ch i nt er meaidiam b.prrthm filen (Pt esRh; avith 20wt% RY eontent) wassforhesdk by t he

die is used Sed he; rial
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Subsequently, this molding matrix 16 was installed in the press

molding apparatus in FIG. 2 to produce a die 20 for forming a microlens. To
be specific, a cylindrical pyrex glass preform of 6mm diameter and 6mm
height was placed between the molding matrix 16 and a die with a flat
press—molding face and press—formed for 5min at 750°C temperature and
50kg/em® pressure. The press—molding was continued under these
conditions until the temperature had cooled down to 500°C and then the
press—formed glass was retrieved from the press—molding apparatus. Thus,
a base material 19 of a molding die having a concave press—molding face
with a curvature radius of 0.9mm was formed.

Furthermore, one face of a cylindrical pyrex glass preform of 6mm
diameter and 6mm height was polished so as to form a base material 19 for a
molding die having a flat press—-molding face.

Then, after etching with high frequency argon gas plasma, as in
Example 1, intermediate layers 21 were formed on the press—molding
surfaces of the two base materials 19 of the two molding dies by magnetron
high frequency sputtering using a target of various materials. The surfaces
of these intermediate layers 21 were etched with high frequency argon gas
plasma. A protective layer 22 was formed by magnetron high frequency

- sputtering with various noble metals as a target so as to manufacture
sample pairs 38 — 55 of upper and lower press—molding dies 20 as shown in
Table 3 below. Table 3 lists the specific compositions used for the
intermediate layer 21 and the protective layer 22 of the sample press—
molding dies 88 — 55.

As a comparative example, a press—molding die was manufactured,
having magnesium fluoride deposited on the press—molding faces (Sample 56
in Table 3).

Then, the sample press—molding dies 38 — 55 and 56 were installed in
the press—molding apparatus shown in FIG. 2 and a spherical lead oxide
optical glass preform of 0.7mm diameter, comprising 70wt% PbO, 27wit%
SiQ, and.trace components for the rest, was press—formed for 2min at 520°C
temperature and 40kg/cm® pressure in a nitrogen atmosphere of not more
than 0.1vol% oxygen concentration. The press—molding was continued
under these conditions until the temperature had cooled down to 300°C and




42 rut henium (Ru), iridium(lr), osmum (Gs), rhenium (Re), tantalum

»(Ta) and all oys thereof; and formng the protective
| ayer on the surface of the intermedi ate | ayer by a wet deposition
process of electroplating or electrol ess plating or by a dry deposition
process of vacuum deposition, sputteri or ion ~plating; and

putting a glass preformfor gl ass, artil e on the manufactured
press- nol di Hew it&e press—formed Heigrelegst was gredsieved drewmthe guresshaoldingeni ng
t enper at ur eappakdtas. Thus, a microlens could be manufactured.

After such press-molding has been performed 3000 times, the
surfaces of the molding die 20 and a press—formed microlens formed with the
molding die 20 were measured at five locations with an interference—type 8D
surface roughness meter. The average surface roughness (RMS value) was
calculated and evaluated. Table 3 shows the results of these measurements
and the results of the observation of the surface condition of the press—

molding die 20.
Sample { Intermediat | Protective Surface Surface
No. e layer | Layer Roughness Roughness
Composition | Composition | (Mold) (nm) (Formed
Substrate) (nm)
At first | After | At After
3000 | first | 3000
times times
38 Ti Pt50-Ir50 1.0 1.1 0.9 1.1
39 v W50-RBub0 1.2 14 1.0 14
40 Cr ' { Ir50—Reb0 1.0 1.2 0.9 1.2
41 Zr Pd50-W50 1.2 1.5 1.1 1.5
42 W Rub50-Re50 |09 1.1 0.7 1.0
43 Nb 0s50-Rh50 1.3 1.3 1.1 11
44 Mo Pt50-Re50 1.0 14 0.8 156
45 Ta. Rh50-Ta50 0.7 0.9 0.7 0.9
46 Hf Pt50_Ir50 |09 1.1 |08 1.0
47 Si0, Pt Pt50-Ir50 | 0.8 11 {07 1.4
48 8i0,Ir Ir50-Re50 | 0.9 10 o8 |12
49 Si0,~Pd Pd50-W50 | 1.1 0.9 |09 13
50 SiC-Ph Rh50-Ta50 | 15 19 |14 |17
51 SiC-Pt Pt50-Ru50 | 14 19 (14 |20
52 SiC-Ru Ru50-Reb@ 1.3 1.8 11 1.6
53 Si;N,Os Os50-Rh50 | 1.6 19 |13 |15
54 SigNPt Pt50-Re50 | 0.8 14 |08 |17
b5 Si,N~Re - |Re50-Tas50 |1.5 1.7 1.3 L5
56 None MgF, 1.9 seel) | 14 see 1)
Table 8
Notes: 1) Glass Adhesion Occurred

-

As becomes clear from Table 3, even in the 3000th press—formed
microlens, there was almost no change in the surface roughness (RMS value)
compared to the first press—formed articles nor could formation of coarse
protrusions be observed when the press—formed articles were manufactured
with a press—molding die according to the present invention (Sample 38 — 55),



o] ass preformon the die; press-nol ding the glass preform by

anot her die which is heated; and cooling the glass to retrieve
it. wherein said internmediate layer... in the protective |ayer.
45, The manufacturing nmethod of a glass article according to claim44,
wherein said base naterial conpri ses an |norgan|c oxi de |nclud|ng 5|I|con
oxide or alu n| um a mai n Aent

manuf act ur i %gm@saraﬂ &dlfdﬂﬂ’rtﬁg glgsq;pg}qﬁ'ed V%ﬁ’é‘l"eﬁﬁ()@al d

base materi qireﬁslﬁﬁi‘m&ﬁ%na Rvith 6he aémpa@esﬂwkeeimblé wherdinad@ protédtizeldyss
silicon di OXI de_a @ a%t{’ral n con&o&e and at | east one materi al sel ected
fromthe gr Ir"rfiﬁ’m oxi de, magnesi um oxi de, zinc
oxi de, al kali net él‘heoxmzlmm mbjabé rembediel retodherspeeific forms without
departing from the spirit or essential characteristics thereof.  The
embodiments disclosed in this application are to be considered in all respects
-as illustrative and not restrictive, the scope of the invention being indicated
by the appended claims rather than by the foregoing description, all changes
that come within the meaning and range of equivalency of the claims are
intended to be embraced therein.



47. The manufacturing nethod of a glass arti rlﬂ i ( ﬂ | ai m
46, wherein said glass has a glass transition tg mn:’ Iﬂ'ﬂﬂﬁ"ﬁ

| east 50[err]C hi gher than that of a glass to be résstnofdet. *48.
The manufacturing nmethod of a glass article according to claim44,
wherein said base material conprises at |east one material selected from
t he group consisting of quartz gl ass %?d nmonocrystal alumna. 49.
The manufacturing nmethod of a glass artitlfe according to claim44,

wherei n sai d WHATTBACBAEMEYY §5. conprises at | east one material selected
fromthe gro conz%stl ng o i;lstanl um (Ti), vanadium (V), chrome (Cr),

zi rconi um (Zr?, PERsmylding dje compniging) a bagenmaterinl,) an tiabemhediate
(Ta), tungst dayéMoratsdl ah aasttrfidecsftble base material and a protective layer formed
on the intermediate layer, wherein
the base material comprises an inorganic oxide;
the intermediate layer comprises a material that adheres to both the
base material and the protective layer and is heat resistant at high
temperatures wherein the die is used; and
the protective layer comprises at least one metal film selected from
the group consisting of tungsten (W), platinum (Pt), palladium (Pd), rhodium
(Rb), ruthenium (Ru), iridium (Ir), osmium (Os), rhenium (Re), tantalum
(Ta) and alloys thereof,

2. The press—molding die according to claim 1, wherein said base
material comprises an inorganic oxide including silicon oxide or aluminium
oxide as a main component.

3. The press—molding die according to claim 1, wherein said base
material comprises an inorganic oxide that is a glass including silicon
dioxide as a main component and at least one material selected from the
group consisting of aluminium oxide, magnesium oxide, zinc oxide, alkali
metal oxide and alkaline—earth metal oxide.

4. . The press—molding die according to claim 8, wherein said glass has a
glass transition temperature that is at least 50°C higher than that of a glass
to be press—molded.

5. The press—molding die according to claim 1, wherein said base
material comprises at least one material selected from the group consisting
of quartz glass and monocrystal alumina.

4

6. The press—molding die according to claim .1, wherein said
intermediate layer comprises at least one material selected from the group
consisting of titanium (Ti), vanadium (V), chrome (Cr), zirconium (Zr),
niobium (Nb), molybdenum (Mo), hafnium (Hf), tantalum (Ta), tungsten (W)

and alloys thereof.
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50. The manufacturing nethod of a glass article accor L
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7. The press—molding die according to claim 1, wherein said
intermediate layer comprises a component that is included in the base
material and a component that is included in the protective layer.

8. The press—molding die according to claim 7, wherein

said base material compnses an inorganic oxide including
aluminium oxide as a main component;

the protective layer comprises at least one metal film of the group
consisting of tungsten (W), platinum (Pt), palladium (Pd), rhodium (Rh),
ruthenium (Ru), iridium (Ir), osmium (Os), rhenium (Re), tantalum (Ta) and
alloys thereof; and

the intermediate layer comprises a mixture of at least one
aluminium compound selected from the group consisting of aluminium oxide
and aluminium nitride with a component of the protective layer.

9. The press—molding die according to claim 7, wherein

said base material comprises an inorganic oxide including silicon
oxide as a main component;

the protective layer comprises at least one metal film of the group
consisting of tungsten (W), platinum (Pt), palladium (Pd), rhodium (Rh),
ruthenium (Ru), iridium (Ir), osmium (Os), rhenium (Re), tantalum (Ta) and
alloys thereof; and

the intermediate layer comprises a mixture of at least one silicon
compound selected from the group consisting of silicon oxide, silicon carbide
and silicon nitride with a component of the protective layer.

10. The press—molding die according to claim 1, wherein said surface of
the base material has an average roughness of less than 5nm.

11. The press—molding die according to claim 1, wherein the
intermediate layer has a thickness of 0.1 - 5 2 m. -

12. The press—rﬁolding die aocbrding to claim 1, wherein the protective

layer has a thickness of 0.05 — 3 z m.

13. A manufactunng method of a press—molding die comprising the steps
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wher ei n sai d base material conprises an i norgemlmltﬂml'“""”””m
I-ncl udi ng al um ni um oxi de as a mai n conponent;

protective |ayer conprises at |least one metal film of the "gréup*

consi sting of tungsten (W, platinum (Pt), palladium (Pd), rhodium (Rh),
ruthenium (Ru), iridium(lr), osmum (051)%% rhenium (Re), tantalum (Ta) and
al | oys thereof, and the interf®di ate | ayer conprises a m xture
of at |east e al um ni um conpound sel ected fromthe group consisting

of al umi ni u|m oxi de machiafslg alsuﬁavewmrbdgel atepidlcompPsin gra&ﬂinofii&aﬁi&%md
DLt et 1 ve | abint o an igyere ABE"bF S EAcSAFEORTRy e el om i s
an i nor gani c teshuigues csielwte’fb fsinh ithergroup consisting of grinding, cutting, lapping,
*  polishing and dry etching;
forming an intermediate layer on the surface of the base material by
a wet deposition process of electroplating or electroless plating or by a dry
deposition process of vacuum deposition, sputtering or ion plating, which
intermediate layer is heat resistant at high temperatures wherein the die is
used and comprises a material that adheres to both the base material and a_
protective layer comprising at least one metal film selected from the group
consisting of tungsten (W), platinum (Pt), palladium (Pd), rhodium (Rh),
ruthenium (Ru), iridium (Ir), osmium (Os), rhenium (Re), tantalum (Ta) and
alloys thereof: and
forming the protective layer on the surface of the intermediate layer
by a wet deposition process of electroplating of electroless plating or by a dry
deposition process of vacuum deposition, sputtering or ion plating.

14. The manufacturing method of a press-molding die according to claim
18, wherein said base material comprises an inorganic oxide including silicon
oxide or aluminium oxide as a main component.

15. The manufacturing method of a press—molding die according to claim
13, wherein said base material comprises an inorganic oxide that is a glass
including silicon dioxide as a main component and at least one material
selected from the group consisting of aluminium oxide, magnesium oxide,
zinc oxide, alkali metal oxide and alkaline—earth metal oxide.

16. The manufacturing method of a press—molding die according to claim
15, wherein said glass has a glass transition temperature that is at least
50°C higher than that of a glass to be press—molded.
17 The manufacturing method of a press—molding die according to claim
.13, wherein said base material comprises at least one material selected from
the group consisting of quartz glass and monocrystal alumina.

18. The manufacturing method of a press—molding die according to claim
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oxi de as a main conponent; the protective |ayer cf "ﬂﬂamﬂml“l
| east one netal filmof the group consi sting of tungsten
mEiry, bsriuh

-(Pt), pal | adi um (Pd), rhodium (Rh), rut henium (Ru), iridiu
(CGs), rhenium (Re), tantalum (Ta) and al I oys thereof; and t he
I ntermedi ate | ayer conprises a mxture of at |east one silicon conpound

sel ected fromthe group,consisti na%pof si3bi con oxide, silicon carbide and
si l'i con nit ridevhereinsaid misrmediale layer ¢rrapuses ot laas) one material selectedhe

manuf act ur i nitoREthe @cﬁhﬁﬁﬁ;ﬁfﬁ ¢ltanAsRO(TH,N¢ahdRIA! (V)4 chromeMiErRi n

sai d surface.of the e materi fter chi ni n_av ge
roughness of Z2FEERUT 3405 fHpbium ’ molyﬂ&eqm&ﬁgﬂ?&@%mhggngalum

t hi ckness of(Ta),ltungstére (W) amdadlioys thereofng on

19. The manufacturing method of a press—-molding die according to claim
13, wherein said intermediate layer comprises a component that is included
in the base material and a component that is included in the protective layer.

20. The manufacturing method of a press—-molding die according to claim
19, wherein _

said base material comprises an inorganic oxide including
aluminium oxide as a main component;

the protective layer comprises at least one metal film of the group
consisting of tungsten (W), platinum (Pt), palladium (Pd), rbodium (Rh),
ruthenium (Ru), iridium (Ir), osmium (Os), rhenium (Re), tantalum (Ta) and
alloys thereof: and )

the intermediate layer comprises a mixture of at least one
aluminium compound selected from the group consisting of aluminium oxide
and aluminium nitride with a component of the protective layer.

21. The manufacturing method of a press-molding die according to claim
19, wherein

said base material comprises an inorganic oxide including silicon
oxide as a main component; '

the protective layer comprises at least one metal film of the group
consisting of tungsten (W), platinum (Pt), palladium (Pd), rhodium (Rh),
ruthenium (Ru), iridium (Ir), osmium (Os), rhenium (Re), tantalum (Ta) and
alloys thereof; and

' the intermediate layer cc;mprises a mixture of at least one silicon

compound selected from the group consisting of silicon oxide, silicon carbide
and silicon nitride with a component of the protective layer. “

22. . The manufacturing method of a press—molding die according to claim

13, wherein
the surface of the base material after machining has an average

roughness of less than 5nm;
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the surface of the base material; and ‘'t he prot ecumummm/lmﬁllm
t hi ckness of 0.05 - 3 [err] mafter form ng on the inter

44 53. The manufacturing method of a glass article actor®ing

claim44, wherein the surface shape of the base materi al after

machining is an inverse 37
the intermediate layer has a thickness of 0.1 — 5 # m after forming on

the surface of the base material; and
the protective layer has a thickness of 0.05 — 3 ¢ m after forzmng on

the intermediate layer.

23. The manufacturing method of a press—molding die according to claim
18, wherein the surface shape of the base material after machining is an
inverse shape of a substrate for a magnetic disk.

24. The manufacturing method of a press—molding die according to claim
23, wherein the shape of the substrate for the magnetic disk has at least one

fine pattern selected from the group consisting of texture, pre—groove and
servo pattern. :

25. The manufacturing method of a press—molding die according to claim
13, wherein the surface shape of the base material after machining is an
inverse shape of an optical element.

26. A manufacturing method of a press—molding die comprising the steps
of:

providing a master press—molding die having a same shape as a glass
article to be press—molded has;

press—molding a glass including silicon dioxide as a main component
by the master die;

using the press—molded glass for a base material that has an inverse
shape as a glass article to be press—molded has;

forming an intermediate layer on the surface of the base material by
a wet deposition process of electroplating or electroless plating or by a dry
deposition process of vacuum deposition, sputtering or ion plating, which
intermediate layer is heat resistant at high temperatures wherein the die is
used and comprises a material that adheres to both the base material and a
protective layer comprising at least one metal film selected from the group
consisting of tungsten (W), platinum (Pt), palladium (Pd), rhodium (Rb),
ruthenium (Ru), iridium (Ir), osmium (Os), rhenium (Re), tantalum (Ta) and
alloys thereof;

forming the protective layer on the surface of the intermediate layer
by a wet depos1t10n process of electroplating of electroless plating or by a dry
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shépe of a substrate for a magnetic disk.. 54. The anfleU"lﬂfqluﬁuuﬂﬂll
s *

.of a glass article according to claim53, wherein the

substrate for the magnetic disk has at |east one fine pattern sel ected
fromthe group consisting of texture, pre-groove and servo pattern

55. The manufacturing nethod of a QLS€S article according to claim 44,

wherein the surface shape of the base nmaterial after nmachining is an

i nver se siengsitiom proceps pieacumine depesitionseputteringmriangatingr i ng met hod
of a glass article conprising the stéeps of: manuf act uri ng

- ol di di : . I di t - '
glr gs\?\/n Irrg h Ih . al g gﬁé manufacturing method ofp a{ g}léssl—xnn%lg‘mréa (fie earccgd?xslé torm a?;nng
' 26, wherein said press—molded glass for a base material comprises press—

molded glass that adheres to hard metal, cermet or ceramics.

28.  The manufacturing method of a press—molding die according to claim
26, wherein said base material comprises a glass including silicon dioxide as
a main component and at least one material selected from the group
consisting of aluminium oxide, magnesium oxide, zinc oxide, alkali metal
oxide and alkaline earth metal oxide.

29. The manufacturing method of a press—molding die according to claim
28, wherein said glass has a glass transition temperature that is at least
50°C higher than that of a glass to be press—molded.

30. The manufacturing method of a press—molding die according to claim
26, wherein said intermediate layer comprises at least one material selected
from the group consisting of titamium (Ti), vanadium (V), chrome (Cr),
zirconium (Zr), niobium (Nb), molybdenum (Mo), hafnium (Hf), tantalum
(Ta), tungsten (W) and alloys thereof.

31. The manufacturing method of a press—-molding die according to claim
26, wherein said intermediate layer comprises a mixture of at least one
silicon compound selected from the group consisting of silicon oxide, silicon
carbide and silicon nitride with a component of the protective layer. |

32. The manufacturing method of a press—molding die according to claim

26, wherein
the surface of the base material after forming has an average

roughness of less than 5nm;
the intermediate layer has a thickness of 0.1 — 5 4 m after forming on

the surface of the base material; and _
the protective layer has a thickness of 0.05 — 3 y m after forming on

the intermediate layer.

33. The manufacturing method of a press—molding die according to claim
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the master die; using the gl ass press-nol déd for*a base *
material that has an I nverse shape as a glass article to be press-nol ded
has; formng an inter! di ate | ayer on the surface of the

base mat eg ) al t deposition pr el pl.ati Qr .
el ectrol ess % sty h’% the S Fi2Rg ‘? ’6‘@5‘%‘3 ﬁ‘\%ciz?gmlﬁgp’@s?{li on,
sputtering omviepse Meaﬁasubstmhte:formhmgmﬂnc&skl ayer is heat resistant at

hi gh tenperatures wherein the di e is used and conprises a material that
adheres to both the base naterial a protectjive |ayer, conprises at

| east one methl filRe manlkfecem@metheéwf paesselding die according tol daimum
(Pt), palladdgirrhéebin theelapsiof Bhd substraw ﬂﬂ&h@r&é&emc digkdhakat 1dakt ogg8™M UM

(G8), rheni uﬁ}lé a)tteJﬂ-txrlaxget1&':1;[3;gl1 érTnQ tﬁ‘e group co aI l C%?;mtghgfr teexture, gre—groove and
servo pattern.

35. The manufacturi_ng method of a press—molding die according to claim
26, wherein the surface shape of the base material after forming is an
inverse shape of an optical element.

36. A manufacturing method of a press—molding die comprising the steps
of: '
providing a master press—molding die having an inverse shape as a
glass article to be press—molded has;
manufacturing a first press—molding die that has a same shape as a
glass article has by:
press—molding a glass including silicon dioxide as a main
component by the master die;
using the glass press—molded for a base material that has a
same shape as a glass article to be press—molded has;
forming an intermediate layer on the surface of the base
material by a wet deposition process of electroplating or electroless plating or
by a dry deposition process of vacuum deposition, sputtering or ion plating,
‘which intermediate layer is heat resistant at high temperatures wherein the
die is used and comprises a material that adheres to both the base material
and a protective layer, comprises at least one metal film of the group
consisting of tungsten (W), platinum (Pt), palladium (Pd), rhodium (Rh),
ruthenium (Ru), iridium (Ir), osmium (Os), rhemum (Re), tantalum (Ta) and
alloys thereof; and
forming the protective layer on the surfate of the
intermediate layer by a wet deposition process of electroplating or electroless
plating or by a dry deposition process of vacuum deposition, sputtering or ion
plating; and
press molding a glass including silicon dioxide as a main component
by the first die;
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formng the protective layer on the surface of the I nter 'l m E
a wet deposition process of electroplating or electroless rm m "I"u nm) ml
a dry deposition process of vacuum deposition, sputtering or

pl ati ng; and putting a.glass preformfor a gl ass ar_tlcle on the

manuf act ur ed press-nolding die; - heating the glass preform

above the softening tenperature of the 40 .
using the glass press—molded for a base material that has an inverse

shape as a glass article to be press-molded has;

forming an intermediate layer on the surface of the base material by
a wet deposition process of electroplating or electroless plating or by a dry
deposition process of vacuum deposition, sputtering or ion plating, which
intermediate layer is heat resistant at high temperatures wherein the die is
used and comprises a material that adheres to both the base material and a
protective layer, comprises at least one metal film of the group consisting of
tungsten (W), platinum (Pt), palladium (Pd), rhodium (Rh), ruthenium (Ru),
iridium (Ir), osmium {(Os), rhenium (Re), tantalum (Ta) and alloys thereof;
and - o
forming the protective layer on the surface of the intermediate layer
by a wet deposition process of electroplating or electroless plating or by a dry
deposition process of vacuum deposition, sputtering or ion plating.

317. The manufacturing method of a press—molding die according to claim
86, wherein said press—molded glass for a base material comprises press—
molded glass that adheres to hard metal, cermet or ceramics.

38. The manufacturing method of a press—molding die according to claim
36, wherein said base material comprises a glass including silicon dioxide as
a main component and at least one material selected from the group
consisting of aluminium oxide, magnesium oxide, zinc oxide, alkali metal
oxide and alkaline earth metal oxide.

39. The manufacturing method of a press—molding die according to claim
38, wherein said glass has a glass transition temperature that is at least
50°C higher than that of a glass to be press—molded.

40. The manufacturing method of a press—molding die according to claim
36, wherein said intermediate layer comprises at least one material selected
from the group consisting of titanium (Ti), vanadium (V), chrome (Cr),
zirconium (Zr), niobium (Nb), molybdenum (Mo), hafnium (Hf), tantalum
(Ta), tungsten (W) and alloys thereof.

41. The manufacturing method of a press—molding die according to claim
36, wherein said intermediate layer comprises a mixture of at least one
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to retrieve it. 57. A nanufacturlng nmet hod of a gl ass arti¢cl
according to cl aim 56, wherein said master press-nolding die haV|ng a
sane shape as a gl ass article is press-nolded by a die that has an
i.nverse shape as the glass article #ds. 58. ° The manufacturing

met hod of a sgliccnscomppund selected frogn tthe graiim ®@sisting ofeilieon axide) silicon
pr ess- nol deGaghesn i PEildeASHifBaS With a%ﬁ@fdn%ﬁ% oPERS o6 1ayer, 9! @SS that
adheres to hard netal, cernet or ceramc
42. The manufacturing method of a press—molding die according to claim
36, wherein
the surface of the base material after forming has an average

roughness of less than 5nm;

the intermediate layer has a thickness of 0.1 — & g m after forming on
the surface of the base material; and

the protective layer has a thickness of 0.05 — 3 u m after forming on
the intermediate layer.

43. The manufacturing method of a press—molding die according to claim
36, wherein the surface shape of the base material after forming is an
inverse shape of a substrate for a magnetic disk.

44. The manufacturing method of a press—molding die according to claim
43, wherein the shape of the substrate for the magnetic disk has at least one
fine pattern selected from the group consisting of texture, pre—-groove and
servo pattern.

45. The manufacturing method of a press—molding die according to claim
36, wherein the surface shape of the base material after forming is an
inverse shape of an optical element.

46. A manufacturing method of a glass article comprising the steps of:
manufacturing a press~molding die by: .
machining a surface of a base material comprising an
inorganic oxide precisely to an inverse shape of a glass article by grinding,
cutting, lapping, polishing or dry etcliing;
forming an intermediate layer on the surface of the base
material by a wet deposition process of electroplating or electroless plating or
. by a dry deposition process of vacuum deposition, sputtering or ion plating,
which intermediate layer is heat resistant at high temperatures wherein the
die is used and comprises a material that adheres to both the base material
and a protective layer, comprises at least one metal film of the group
consisting of tungsten (W), platinum (Pt), palladium (Pd), rhodium (Rh),
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59. " The manufacturing nmethod of a glass article accord|
56, wherein said base material conprises a glass incl ud| eﬂllﬂcl“l”m””m

di oxi de as a mai n conponent and at |east one material seleet firom t he *
group consisting of al um ni um oxi de, magnesi um oxi de, zi nc oxi de,

al kali metal oxide and al kaline earth nmetal oxide. 60. The

manuf act uring et hod of a glass article%ccording to claimb59, wher ei n
said glass HathanymadRwW,xidinm @a).cosmizsim (Qs) rhapium (Re), tassaluns Te) and

hi gher than 4lbdfs thleréo j?hﬁas to be press-nol ded. 61. The

manuf acturing method o L ass articl cording to clalm rein
said internediate Iayer HHNG sbhe protective  Jayer, op; thege ey of tﬂr‘iﬁ*om

the group cdnsémnedigtelayterthyns wet Epdsitionadiess dﬂélectcdsplaﬁmg(@rélectroless

plating or by a dry deposition process of vacuum deposition, sputtering or ion
plating; and

putting a glass preform for a glass article on the manufactured
press—molding die; '

heating the glass preform above the softening temperature of the
glass preform on the die;

press—molding the glass preform by another die which is heated; and

cooling the glass to retrieve it.

47. The manufacturing method of a glass article according to claim 46,
wherein said base material comprises an inorganic oxide including silicon
oxide or aluminium oxide as a main component.

48. The manufacturing method of a glass article according to claim 46,
wherein said base material comprises an inorganic oxide that is a glass
including silicon dioxide as a main component and at least one material
selected from the group consisting of aluminium oxide, magnesium oxide,
zinc oxide, alkali metal oxide and alkaline—earth metal oxide.

49, The manufacturing method of a glass article according to claim 48,
wherein said glass has a glass transition temperature that is at least 50°C
higher than that of a glass to be press—molded.

50. The manufacturing method of a glass article according to claim 46,
wherein said base material comprises at least one material selected from the
group consisting of quartz glass and monocrystal alumina.

51. The manufacturing method of a glass article according t6 claim 46,
wherein said intermediate layer comprises at least one material selected
from the éroup consisting of titanium (Ti), vanadium (V), chrome (Cr),
zirconium (Zr), niobium (Nb), molybdenum (Mo), hafnium (Hf), tantalum
(Ta), tungsten (W) and alloys thereof.
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zirconium (Zr), niobium (Nb), nolybdenum (M), hafnium (Hf)

‘(Ta), tungsten (W and alloys thereof. 62. The manumeﬂ "mmmuﬂcmm
of a glass article according to claim 56, wherein said i ntertredi atte s

| ayer conprises a mxture of at |east one silicon conmpound sel ected from

the group consisting of silicon OXIde |I|con car bi de and silicon

PrwlaLL:‘ ggt \lljmr;[ rt?za COW&?{%&%@ art c e accgﬁ%lgaagt f& mng\.)g&]%lm%gf ein

t he surface “GIeTEH: SBH%E‘ layexcomprises @ mpfénﬁld?v@w&glé included in
the base material and a component that is included in the protective layer.

53. The manufacturihg method of a glass article according to claim 52,
wherein

said base material comprises an inorganic oxide including
aluminium oxide as a main component;

the protective layer comprises at least one metal film of the group
consisting of tungsten (W), platinum (Pt), palladium (Pd), rhodium (Rh),
ruthenium (Ru), iridium (Ir), osmium (Os), rhenium (Re), tantalum (Ta) and
alloys thereof; and

the intermediate layer comprises a mixture of at least one
aluminium compound selected from the group consisting of aluminium oxide
and aluminium nitride with a component of the protective layer.

54. The manufacturing method of a glass article according to claim 52,
wherein '

said base material comprises an inorganic oxide including silicon
oxide as a main component;

the protective layer comprises at least one metal film of the group
consisting of tungsten (W), platinum (Pt), palladium (Pd), rhodium (Rh),
ruthenium (Ru), iridium (Ir), osmium (Os), rhenium (Re), tantalum (Ta) and
alloys thereof: and

the intermediate layer comprises a mixture of at least one silicon
compound selected from the group consisting of silicon oxide, silicon carbide
and silicon nitride with a component of the protective layer.

55. The manufacturing method of a glass article according to claim 46,

wherein
said surface of the base material after machining has an average

roughness of less than 5nm; :
the intermediate layer has a thickness of 0.1 — 5 2 m after formmg on

the surface of the base material; and
the protective layer has a thickness of 0.05 — 3 ¢ m after forming on

the intermediate layer.
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46 roughness of |ess than 5nm t he internedi l
.thickness of 0.1 - 5 [err] mafter formng on t he surfacgﬂﬁ”mngm m'ﬂm

mat eri al ; and the protective |ayer has a thicknes$ of O 03 *

[err] mafter form ng on the internediate | ayer. 64. The

manuf acturi ng nethod of a glass articl eqraccordi ng to cl ai m 56, wherein
Wier forming is an,inverse

t he surface shape qQf the base terial
§ P 'ﬁme manufacturigag met%od of a glass article according to claim 46,

wherein the surface shape of the base material after machining is an inverse
shape of a substrate for a magnetic disk.

517. The manufacturing method of a glass article according to claim 56,
wherein the shape of the substrate for the magnetic disk has at least one fine
pattern selected from the group consisting of texture, pre—groove and servo
pattern.

S8. The manufacturihg method of a glass article according to claim 46,
wherein the surface shape of the base material after machining is an inverse
shape of an optical element.

59. A manufacturing method of a glass article comprising the steps of:
manufacturing press—molding die by:
providing a master press—molding die which has a same
shape as a glass article to be press—molded has;
press—molding a glass including silicon dioxide as a main
component by the master die;
using the ghss press—molded for a base material that has an
inverse shape as a glass article to be press-molded has;
forming an intermediate layer on the surface of the base
material by a wet deposition process of electroplating or electroless plating or
by a dry deposition process of vacuum deposition, sputtering or ion plating,
which intermediate layer is heat resistant at high temperatures wherein the
die is used and comprises a material that adheres to both the base material
and a protective layer, comprises at least one metal film of the group
consisting of tungsten (W), platinum (Pt), palladium (Pd), rhodium (Rh),
ruthenium (Ru), iridium (Ir), osmium (Os), rhenium (Re), tantalum (Ta) and
alloys thereof: and
forming the protective layer on the surfaoe of the
intermediate layer by a wet deposition process of electroplating or’electroless
plating or by a dry deposition process.of vacuum deposition, sputtering or ion
plating; and _
putting a glass preform for a glass art1cle on the manufactured
press—molding die;
heating the glass preform above the softening temperature of the
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shape of a substrate for a magnetic disk. 65. The '
met hod of a glass article according to claim64 WnerH uﬂmngllmlcl“l
the substrate for the magnetic disk has at |east one finex ¢ pattverm =*
selected fromthe group consisting of texture, pre-groove and servo

pattern. 66. The manufacturing nethod of a glass article according to
claim 56, wherejn the surface shape4(§f the base material after fornng
is an i nver sglass Pﬁéﬁ@@?thﬁdéﬂit i cal el ement.

press—-molding the glass preform by another die which is heated; and
cooling the glass to retrieve it.

60. A manufacturing method of a glass article according to claim 59,
wherein said master press—molding die having a same shape as a glass
article is press—molded by a die that has an inverse shape as the glass article
has.

61. The manufacturiﬁg method of a glass article according to claim 59,
wherein said press—molded glass for base material comprises press—molded
. glass that adheres to hard metal, cermet or ceramics.

62. The manufacturing method of a glass article according to claim 59,
wherein said base material comprises a glass including silicon dioxide as a
main component and at least one material selected from the group consisting
of aluminium oxide, magnesium oxide, zinc oxide, alkali metal oxide and
alkaline earth metal oxide.

63. The manufacturing method of a glass article according to claim 62,
wherein said glass has a glass transition temperature that is at least 50°C

higher than that of a glass to be press—molded.

64. The manufacturing method of a glass article according to claim 59,
wherein said intermediate layer comprises at least one material selected
from the group consisting of titanium (Ti), vanadium (V), chrome (Cr),
zirconium (Zr), niobium (Nb), molybdenum (Mo), hafnium (Hf), tantalum
(Ta), tungsten (W) and alloys thereof. -

65. The manufacturing method of a glass article according to claim 59,
wherein said intermediate layer comprises a mixture of at least one silicon
compound selected from the group consisting of silicon oxide, silicon carbide
and silicon nitride with a component of the protective layer.

66. The manufacturing method of a glass article according to claim 59,

wherein
the surface of the base material after forming has an average
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- roughness of less than 5nm;
the intermediate layer has a thickness of 0.1 — 5 u m after formmg on

the surface of the base material; and
the protective layer bas a thickness of 0.05 — 8 z m after forming on

the intermediate layer.

67. The manufacturing method of a glass article according to claim 59,
wherein the surface shape of the base material after forming is an inverse
shape of a substrate for a magnetic disk. Co

68. The manufacturing method of a glass article according to claim 67,
wherein the shape of the substrate for the magnetic disk has at least one fine
pattern selected from the group consisting of texture, pre—groove and servo
pattern.

69. The manufacturing method of a glass article according to claim 59,
wherein the surface shape of the base material after forming is an inverse
shape of an optical element.
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