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DESCRIPTION

METHOD AND STAMPER FOR PRODUCING MULTILAYER OPTICAL RECORDING MEDIUM AND
METHOD FOR MAKING THE STAMPER

TECHNICAL FIELD

The present invention relates to a method of

producing a multilayer optical recording medium, and

particularly to a method of producing a multilayer

optical recording medium, which includes forming a

photoreactive curable resin to a substrate and stacking

recording layers by spin coating or the like.

BACKGROUND ART

As information recording/reproducing technology

with a high recording density, an optical disk (optical

recording medium) such as a DVD and a BD is attracting

a great deal of attention. In recent years, in

association with a movement toward digitalization of a

moving image and a movement toward miniaturization of

an apparatus, there is a demand for a higher recording

density and a larger capacity.

In general, a recording density of an optical

disk largely depends on a wavelength λ of a laser beam

and a numerical aperture (NA) of an objective lens of a .

recording/reproducing optical system. In other words,



a spatial frequency of recording pits capable of

reproducing a signal is about 2 NA/λ . Accordingly,

more studies have been conducted on the high recording

density with employing a short wavelength technology or

a high NA technology. For example, while a CD has a

capacity of 650 MB when a wavelength of a laser beam

for recording/reproduction is 780 nm and the NA of a

lens is 0.45, a DVD-ROM has a capacity of 4.7 GB when a

wavelength of a laser beam is 650 nm and the NA of a

lens is 0.6. Further, a BD has a capacity of more than

23 GB when a wavelength of a laser beam is 405 nm and

the NA of a lens is 0.85. Thus, a capacity of an

optical disk has been increased.

On the other hand, more study has been conducted

to realize a large capacity by stacking a plurality of

recording layers. For example, a doubled recording

capacity is realized in, for example, a DVD and a BD,

by stacking two layers of recording layers. With

regard to the BD, a four-layered medium is under

development aiming at high integration to future

generations .

The method of stacking a plurality of recording

layers is proposed in Japanese Patent Application Laid-

Open Nos. 2002-260307 and 2003-203402, Matsushita

Technical Journal Vol. 50, No. 5 , Oct. 2004, p . 64-68,

and the like.

Japanese Patent Application Laid-Open No. 2003-



203402 and Matsushita Technical Journal Vol. 50, No. 5 ,

Oct. 2004, p . 64-68 propose a method of producing a

multilayer optical recording medium, which includes

forming pits or guide grooves in the surface of a

substrate, forming a reflective layer and a recording

layer thereon, forming a first information recording

layer, and then repeating the following steps:

(1) forming an ultraviolet curable resin or a dry

photopolymer on the first information recording layer,

(2) superimposing a resin stamper on the ultraviolet

curable resin or the dry photopolymer, forming pits or

guide grooves, and peeling a stamper, and

(3) forming a semitransparent film on the pits or the

guide grooves.

However, in the above-mentioned proposal, there

occurs an attenuation of the ultraviolet ray used for

curing the ultraviolet curable resin or the dry

photopolymer while using the semitransparent film, so

that it is necessary to use a transparent stamper and

conduct irradiation with the ultraviolet ray from a

side of the stamper. For the transparent stamper, it

is considered to use a stamper made of a resin, but it

is difficult to reuse the stamper made of a resin in

terms of productivity and quality thereof. Accordingly,

the stamper is thrown away every formation of a layer,

which leads to a problem in that costs thereof are

increased.



Here, a conventional method of producing a

multilayer optical recording medium is described below.

The conventional method of producing a multilayer

optical recording medium will be described with

reference to FIGS. 8A to 8P. In FIGS. 8A to 8P, there

are provided four layers of information recording

layers, that is, LO layer to L3 layer. FIGS. 8A to 8P

are vertical sections showing a half part of a

rotationally-symmetrical disk having a center hole, and

the center hole of each of the substrate and the

stamper is omitted.

In FIG. 8A, a PC substrate 15 is a substrate made

of a polycarbonate, which is obtained by injection

molding using a stamper A 21 for injection molding, and

information patterns 16 (pits or guide grooves) of an

LO layer are formed on the PC substrate 15. Typically,

the PC substrate 15 has a thickness of 1.1 mm, a

diameter of 120 mm, and a center hole diameter of 15 mm.

In FIG. 8B, on the information patterns 16 of the

LO layer, an LO layer recording film 17 is formed. The

LO layer recording film 17 typically includes a

reflective film which does not transmit light.

In FIG. 8C, an intermediate layer 3-forming 2p

resin 18 for forming an intermediate layer 3 -provided

on the LO layer between the LO layer and the Ll layer

is applied onto the LO layer recording film 17-. A

thickness of the intermediate layer 3-forming 2p resin



18 is, for example, 10 µm . For simplification, the

intermediate layer 3-forming 2p resin 18 is formed into

a single layer, but a combination of a plurality of

resins may be used therefor in order to satisfy a

certain transfer property, releasability, and thickness

accuracy.

In FIG. 8D, on the intermediate layer 3-forming

2p resin 18, a transparent stamper A 19-1 made of a

resin in which information patterns of the Ll layer

have been formed in advance is aligned using a center

hole (not shown) to be superimposed thereon. After

that, an ultraviolet ray from a UV light source 5 is

irradiated thereon through the transparent stamper A

19-1 to cure the intermediate layer 3-forming 2p resin

18. The intermediate layer 3-forming 2p . resin 18 may

be superimposed on the LO layer recording film 17

formed on the PC substrate 15 after being applied to

the transparent stamper A 19-1.

In the FIG. 8E, after the intermediate layer 3-

forming 2p resin 18 is cured, the transparent stamper A

19-1 is peeled and information patterns 13 (pits or

guide grooves) of the Ll layer 'are formed on the PC

substrate 15. The transparent stamper A 19-1 thus

peeled deteriorates due to irradiation of the

ultraviolet ray. As a result, the stamper cannot be

reused as a stamper, and in addition, application

thereof is limited even if the stamper is reused.



In FIG. 8F, on the information patterns 13 of the

Ll layer, an Ll layer recording film 14 is formed. The

Ll layer recording film 14 is formed of a

semitransparent film.

In FIG. 8G, an intermediate layer 2-forming 2p

resin 11 for forming an intermediate layer 2 provided

on the Ll layer between the .Ll layer and the L2 layer

is applied onto the Ll layer recording film 14 in the

same manner as described above. A thickness of the

intermediate layer 2-forming 2p resin 11 is, for

example, 15 µm .

In FIG. 8H, on the intermediate layer 2-forming

2p resin 11, a transparent stamper B 19-2 made of a

resin in which information patterns of the L2 layer

have been formed in advance is aligned using a center

hole (not shown) to be superimposed thereon.- After

that, the ultraviolet ray from the UV light source 5 is

irradiated thereon through the transparent stamper B

19-2 in the same manner as described above to cure the

intermediate layer 2-forming 2p resin 11.

In FIG. 81, after the intermediate layer 2-

forming 2p resin 11 is cured, the transparent stamper B

19-2 is peeled and information patterns 9 (pits or

guide grooves) of the L2 layer are formed on the PC

substrate 15. In the same manner as described above,

the transparent stamper B 19-2 thus peeled deteriorates

due to irradiation of the ultraviolet ray, and cannot



be reused as a stamper.

In FIG. 8J, on the information patterns 9 of the

L2 layer, an L2 layer recording film 10 is formed. In

the same manner as described above, the L2 layer

recording film 10 is formed of a semitransparent film.

. In FIG. 8K, an intermediate layer 1-forming 2p

resin 7 for forming an intermediate layer 1 provided on

the L2 layer between the L2 layer and the L3 layer is

applied onto the L2 layer recording film 10 in the same

manner as described above. A thickness of the

intermediate layer 1-forming 2p resin 7 is, for example,

10 µm .

In FIG. 8L, on the intermediate layer 1-forming

2p resin 7 , a transparent stamper C 19-3 made of a

resin in which information patterns of the L3 layer

have been formed in advance is aligned using a center

hole (not shown) to be superimposed thereon. After

that, in the same manner as described above, the

ultraviolet ray from the UV light source 5 is

irradiated thereon through the transparent stamper C

19-3 to cure the intermediate layer 1-forming 2p resin

7 .

In FIG. 8M, after the intermediate layer 1-

forming 2p resin 7 is cured, the transparent stamper C

19-3 is peeled and information patterns 4 (pits or

guide grooves) of the L3 layer are formed on the PC

substrate 15. In the same manner as described above,



the transparent stamper C 19-3 thus peeled deteriorates

due to irradiation of the ultraviolet ray, and cannot

be reused as a stamper.

In FIG. 8N, on the information patterns 4 of the

L3 layer, an L3 layer recording film 6 is formed. The

L3 layer recording film 6 is formed of a

semitransparent film as in the same manner as described

above.

In FIG. 80, onto the L3 layer recording film 6 , a

cover layer-forming 2p resin 2 for forming a cover

layer is applied in the same manner as described above.

A thickness of the cover layer-forming 2p resin 2 is,

for example, 70 µm .

In FIG. 8P, the ultraviolet ray from the UV light

source 5 is irradiated thereon to cure the cover layer-

forming 2p resin 2 . Instead of forming and curing the

cover layer-forming 2p resin 2 , a resin sheet having a

thickness of 70 µm may be bonded.

Thus, in the conventional example, the

transparent stampers A , B and C each made of a resin

are used, but it is difficult to reuse the stampers in

terms of productivity and quality thereof. For this

reason, the stampers are thrown away after every

formation of a layer, which leads to a problem in that

costs thereof are increased. In particular, as the

number of multilayers is increased* the problem of the

increase in costs due to the disposal of the stamper



made of a resin becomes more serious.

Japanese Patent Application Laid-Open No. HOl-

188332 proposes a method of forming patterns

corresponding to information patterns in a glass

material by etching, which is used as a transparent

stamper. As shown in FIGS. 7A to 7E, onto a quartz

glass substrate 71, a photoresist 72 is uniformly

applied (FIG. 7A) .

Next, on the photoresist 72, patterns

corresponding to information patterns are recorded

using a laser beam 73 (FIG. 7B), and then desired

patterns are obtained by a developing treatment (FIG.

7C) .

Then, dry etching is performed on the substrate

in a CF4 gas plasma 74, and the dry etching is stopped

when each desired depth of etched portions is obtained

(FIG. 7D). Further, the remaining photoresist 72 is

subjected to ashing with oxygen (O 2) to be removed,

thereby obtaining a stamper made of a glass (FIG. 7E) .

The transparent stamper produced by the method

disclosed by Japanese Patent Application Laid-Open No.

H01-188332 can be repeatedly used, but it is necessary

to manage a complicated process including the dry

etching step and the ashing step. CF4 gas or CHF 3 gas

used for dry etching is known as greenhouse gas, and

therefore it is desirable that those gases are not used

therefor. Further, in the above-mentioned method,



patterns are directly formed in the glass material, so

that it is necessary to perform polishing when the

glass material is reused.

DISCLOSURE OF THE INVENTION

In order to solve the above-mentioned problems,

there is provided a stamper for producing a multilayer

optical recording medium, including:

a translucent substrate; and

' a translucent inorganic resist layer in which

pits or guide grooves are formed on the substrate.

There is provided a method of producing a stamper

for producing a multilayer optical recording medium,

including:

(a) a step of stacking a translucent inorganic

resist layer on a translucent substrate; and

(b) a step of light-exposing and developing the

inorganic resist layer to form pits or guide grooves.

Further, there is provided a method of producing

- a multilayer optical recording medium, including:

(a) a step of forming a recording layer on a

support substrate;

(b) a step of forming an intermediate layer

formed of a photoreactive curable resin onto the

recording layer;

(c) a step of irradiating the intermediate layer

with an ultraviolet ray through a stamper having pits



or guide grooves formed on a translucent substrate by

using an inorganic resist to transfer the pits or guide

grooves onto the intermediate layer; and

(d) a step of stacking a recording layer on the

intermediate layer.

Further, the stamper has an absorptivity of 10%

or more with respect to exposure light which is used in

patterning the inorganic resist layer, and has a

transmittance of 19% or more with respect to an

ultraviolet ray which is used when the stamper is used.

Further, the inorganic resist layer contains at

least one of tungsten and molybdenum.

Further, the inorganic resist layer contains an

oxide of tungsten or molybdenum, having a .composition

in which oxygen is lost from a stoichiometric

composition.

The inorganic resist layer is formed of a resist

of a negative type having a light-exposed part which is

convex, or a positive type having a light-exposed part

which is concave.

The substrate includes any one of glass, quartz,

and transparent ceramic.

The optical recording medium according to the

present invention includes an optical disk, an optical

card, and an optical tape.

BRIEF DESCRIPTION OF THE DRAWINGS



FIGS. IA, IB, 1C, ID, IE and IF are schematic

diagrams for explaining a method of producing an

optical disk according to the present invention.

FIG. 2 is a sectional view of a double-layered

optical recording medium.

FIGS. 3A, 3B, 3C, 3D, 3E, 3F, 3G, 3H and 31 are

schematic diagrams for explaining a method of producing

an optical disk according to Example 1 of the present

invention.

FIGS. 4A, 4B, 4C, 4D, 4E, 4F and 4G are schematic

diagrams for explaining a method of producing an

optical disk according to Comparative Example 1 of the

present invention.

FIGS. 5A, 5B, 5C, 5D, 5E, 5F, 5G, 5H, 51,. 5J, 5K,

5L, 5M, 5N, 50, 5P, 5Q and 5R are schematic diagrams

for explaining a method of producing an optical disk

according to Example 2 of the present invention.

FIG. 6 is a sectional view of a four-layered

optical recording medium.

FIGS. 7A, 7B, 7C, 7D and 7E are schematic

diagrams for explaining a conventional method of

producing a transparent stamper.

FIGS. 8A, 8B, 8C, 8D, 8E, 8F, 8G, 8H, 81, 8J, 8K,

8L, 8M, 8N, 80 and 8P are sectional views for

explaining steps in a conventional method of producing

a four-layered recording medium.

FIGS. 9A, 9B, 9C, 9D, 9E, 9F and 9G are schematic



diagrams for explaining a method of producing an

optical disk according to Example 6 of the present

invention.

FIGS. 1OA, 1OB, 1OC, 10D, 1OE, 1OF and 1OG are

schematic diagrams for explaining a method of producing

an optical disk according to Example 8 of the present

invention.

FIGS. HA, HB, HC, HD, HE, H F and H G are

schematic diagrams for explaining a method of producing

an optical disk according to Example 9 of the present

invention.

BEST MODE FOR CARRYING OUT THE INVENTION

An embodiment of the present invention will be

described below.

A concept of a method of producing an optical

disk according to the present invention will be

described with reference to FIGS. IA to IF. FIGS. IA

to IF are schematic diagrams for explaining the method

of producing an optical disk according to the present

invention.

First, a stamper is described.

As shown in FIGS. IA, a resist 112 is formed on a

transparent substrate 111. As the transparent

substrate, a glass substrate, a quartz substrate, a

transparent ceramic substrate, or the like may be used.

The transparent substrate 111 preferably has a



thickness for having an intensity and a transmittance

sufficient for transferring information signal patterns,

For example, the transparent substrate 111 preferably

has a thickness of 0.5 mm to 20 mm, a diameter of 80 to

120 mm, and a center hole diameter of 10 to 15 mm. A s

a typical example, a description is made of a substrate

having substantially the same diameter and center hole

as those of a disk to be finally produced, for example,

120 mm and 15 mm, respectively.

A s the resist, a tungsten oxide WO having a

composition in which a slight amount of oxygen is lost

from a stoichiometric composition, or WMoO obtained by

adding molybdenum to WO may be used. A thickness of

the resist 112 to b e formed may be adjusted to obtain

desired uneven pattern, and is preferably, for example,

20 nm to 1000 ran.

It is known that while an oxide of WO or WMoO has

a considerably low absorption with respect to an

ultraviolet ray in the stoichiometric composition, when

a oxygen content is deviated from the stoichiometric

composition only by a small amount, the absorption with

respect to the ultraviolet ray becomes large. Thus,

the resist in which the slight amount of oxygen is lost

from the stoichiometric composition has a film whose

state is changed by heat as a result of absorption of

light for exposure. Further , in the resist, an etching

rate with respect to an alkali solution is changed



between a light-exposed part and a non-light-exposed

part thereof, whereby the resist functions as a resist.

In addition, the resist is formed of low molecules, so

that a boundary between the light-exposed part and the

non-light-exposed part appears clearly as compared with

an organic resist formed of high molecules, thereby

making it possible to obtain resist patterns with high

accuracy.

Further, the resist has a high transmittance in a

composition which has a small amount of oxygen

deficiency and is approximate to the stoichiometric

composition, and has a transmittance which becomes

lower as the amount of oxygen deficiency becomes larger,

In addition, in an ultraviolet range , as a wavelength

of light becomes shorter, an absorptivity thereof

becomes larger and the transmittance thereof becomes

smaller. In other words, by adjusting the composition

and the film thickness, it becomes possible to obtain a

sufficient absorptivity with respect to the light for

light exposure, and obtain a transmittance sufficient

for curing with respect to the light for curing a

photoreactive curable resin for forming an intermediate

layer.

Here, by changing a film-forming condition, the

WO functions as a negative type resist having a light-

exposed part which becomes convex and also functions as

a positive type resist having a light-exposed part



which becomes concave. When the Mo is added to the WO

little by little, sensitivity at the time of light

exposure can be increased.

According to the present invention, the resist

preferably has the absorptivity of 10% or more with

respect to exposure light for light-exposing the resist.

In addition, it is preferable to use a stamper which is

obtained by forming uneven pattern corresponding to

information patterns or guide grooves through

development of the resist. Further, it is preferable

that the stamper thus obtained has the transmittance of

15% or more at a wavelength having a transmittance

which is highest in a wavelength bandwidth of an

ultraviolet ray which is irradiated so as to cure the

photoreactive curable resin. However, in view of a

time for curing the photoreactive curable resin, the

transmittance is preferably 19% or more at .which

effects can be obtained in several seconds.

FIG. IB is a diagra'm of the transparent substrate

111 and the resist 112 obliquely viewed from above.

Light 113 for light exposure is converged on the resist,

and is moved toward a radius direction 114 of a glass

substrate while the glass substrate is rotated, thereby

performing pattern light exposure which has patterns

corresponding to information patterns (pits or guide

grooves) in a spiral manner from above the resist. At

this time, as shown in FIG. 1C, a film state in a



light-exposed region is changed. Further, as shown in

FIG. ID, development is performed under a condition in

which a desired depth of each groove is obtained, to

thereby obtain the information patterns (pits or guide

5 grooves) . The information patterns (pits or guide

grooves) are formed in the resist (containing tungsten

oxide) provided on the glass substrate, which is used

as a transparent stamper 115.

The transparent stamper according to the present

10 invention can be produced by simple procedures

including film formation, light exposure, and

development, without using an elect rocast ing apparatus,

a back-surface polishing apparatus, an injection-

molding machine, and an RIE apparatus which are

15. conventionally necessary for producing a transparent

stamper. Further, since the low-molecule resist is

employed in the transparent stamper according to the

present invention, it is possible to obtain information

patterns with high accuracy.

20 Next, as shown in FIG. IE, for example, a support

substrate 116 onto which a photoreactive curable resin

117 for forming an intermediate layer is applied is

superimposed on the transparent stamper 115. After

that, the ultraviolet ray is irradiated thereon through

25 the transparent stamper 115 to cure the photoreactive

curable resin 117.

Next, as shown in FIG. IF, the transparent



stamper 115 is peeled from the support substrate 116,

thereby forming information patterns 118 on the

photoreactive curable resin 117.

The transparent stamper according to the present

invention is made of an inorganic material, so that the

transparent stamper does not deteriorate by irradiation

with the ultraviolet ray, and can be repeatedly used.

Hereinafter, the method of producing an optical

disk according to the present invention will be

described- in detail by referring to examples. However,

the structure thereof is not limited thereto.

(Example 1 )

In this example, a description is made of a

method of producing an optical disk having two

information recording layers of an LO layer and an Ll

layer as one example. The LO layer is formed using the

transparent stamper according to the present invention.

A description is made of a tungsten oxide WO, as an

example-, having a composition in which a slight amount

of oxygen is lost from a stoichiometric composition as

a resist. The tungsten oxide WO having the composition

in which a slight amount of oxygen is lost from the

stoichiometric composition used in Example 1 is a

negative type resist having a film whose state is

changed by being irradiated with light for light

exposure, and having a light-exposed part which becomes

convex through development using an alkali solution.



First, a description is made of a method of

producing a transparent stamper for producing an

optical 'disk according to Example 1 .

The transparent stamper for producing an optical

disk is produced by processes similar to those

explained with reference to FIGS. IA to IF. As a

transparent substrate, a quartz substrate having a

thickness of 1 mm, an outer diameter of 120 mm, and an

inner diameter of 15 mm was used. First, on the quartz

substrate, a tungsten oxide WO having the composition

in which a slight amount of oxygen is lost from a

stoichiometric composition is formed. Sputtering was

performed on a WOx target containing W in an atmosphere

of Ar gas of 50 seem and O2 gas of 40 seem, to thereby

form the WO. The composition can be adjusted by

changing a ratio of the Ar gas to the O2 gas. A film

thickness can be adjusted by a time for sputtering. In

Example 1 , a film thickness before light exposure is

set .to 100 nm, and a composition having .an absorptivity

of 10% with respect to light for light exposure having

a wavelength of 351 nm was used.

Next, light exposure is performed. As explained

with reference to FIG. IB, the light for light exposure

was converged on the resist, and was moved toward a

radius direction of a quartz substrate while the quartz

substrate was rotated, thereby performing pattern light

exposure whose patterns correspond to information



patterns 304 (pits or guide grooves) for forming an LO

layer from above the resist. In Example 1 , a

wavelength of the light for light exposure was 351 nm.

As a condition for light-exposing a data recording area,

a linear speed was set to 0.7 m/s, and power was set to

1.4 mW, and a track pitch TP was set to 320 nm.

Here, the film thickness of the resist at the

time of light exposure, and the absorptivity with

respect to the exposure light are not limited thereto.

Also, the wavelength of the exposure light is not

limited thereto. It is possible to select a

combination of a condition (e.g., wavelength, linear

speed, and power) under which the film state of the

resist can be changed by light exposure, and a resist

condition. The transmittance obtained after

development is not limited, any transmittance may be

adopted as long as the transmittance is sufficient to

cure an intermediate layer-forming 2p resin as

described later with the ultraviolet ray. The

transmittance obtained after the development depends on

the film thickness obtained after the development.

Next, the resist of the non-light-exposed part is

removed using an aljcali solution, and development is

performed so that the depth of each groove of the data

recording region becomes d = 20 nm, to thereby produce

a transparent stamper 300. In this case, each

information track side thereof becomes convex with



respect to the stamper substrate.

The transparent stamper 300 has a transmittance

of 80% at the maximum with respect to light having a

wavelength of 350 nm to 400 nm in a state after the

development.

Next, a description is made of the method of

producing an optical disk according to Example 1 with

reference to FIGS. 3A to 31. FIGS. 3A to 31 each show

a sectional view of a half part of a rotationally-

symmetrical disk having a center hole, and the center

hole of each of the substrate and the stamper is

omitted. All the steps are shown with an incident

surface of a light beam for recording/reproduction

facing downward.

As shown in FIG. 3A, information patterns 302

(pits or guide grooves) of the Ll layer are formed on a

stamper A 301. It is not necessary that the stamper A

301 is transparent. The stamper A 301 is preferably

made of, for example, nickel. The stamper A 301

preferably has a thickness of 0.2 to 2 mm, a diameter

of 80 to 120 mm, and an inner diameter of 10 to 15 mm.

Typically, the stamper A 301 has the thickness of 0.3

mm, and the diameter and the center hole diameter are

substantially the same as those of a disk to be finally

produced, for example, 120 mm and 15 mm, respectively.

In this example, used was a nickel stamper having a

thickness 'of 0 . 3 mm, an outer diameter of 120 mm, and



an inner diameter of 15 mm, in which each information

track (information Tr) became concave with respect to

the stamper.

Onto the stamper A , an intermediate layer-forming

2p resin (photoreactive curable resin) 303 for forming

an intermediate layer between the LO layer and the Ll

layer is applied. The intermediate layer-forming 2p

resin 303 was dropped in an annular manner on an inner

periphery- side of the stamper A 301 having a center

hole (not shown) , and the stamper A 301 was rotated to

shake off droplets, thereby obtaining a uniform

thickness (first uniform thickness). As the

intermediate layer-forming 2p resin 303, it is possible

to appropriately select a resin from among resins which

are curable by irradiation of an ultraviolet ray to be

performed later. For example, an epoxy acrylate resin,

a - urethane acrylate resin, and a silicon acrylate resin

are preferably used. A thickness of the intermediate

layer-forming 2p resin 303 is, for example, 25 µm . For

simplification, the intermediate layer-forming 2p resin

303 has a single layer, but a combination of a

plurality of resins may be used therefor in order to

satisfy a certain transfer property, releasability, and

thickness accuracy.

As shown in FIG. 3B, the transparent stamper 300

is a transparent stamper containing the above-mentioned

WO, and has information patterns 304 (pits or guide



grooves) of the L O layer formed therein-. Each side of

recording tracks (recording Tr) becomes a convex

portion with respect to the stamper. The transparent

stamper 300 was superimposed on the stamper A 301 onto

which the intermediate layer-forming 2p resin 303 was

applied, in a direction in which the information

patterns 304 of the LO layer were opposed to the

information patterns 302 of the L l layer. A t this time,

alignment thereof was performed using a center hole

(not shown) . After that, an ultraviolet ray (having a

wavelength of 345 to 400 run) from a UV light source 310

was irradiated thereon through the transparent stamper

300 to thereby cure the intermediate layer-forming 2p

resin 303. In order to cure the intermediate layer-

forming 2p resin 303, there was required a UV

irradiation time of less than 2 seconds. In this case,

the intermediate layer-forming 2p resin 303 may be .

superimposed on the stamper A after the resin is

applied to the transparent stamper 300.

A s shown in FIG. 3C, after the intermediate

layer-forming 2p resin 303 is cured, the transparent

stamper 300 is peeled, thereby forming the information

patterns 304 of the LO layer. The transparent stamper

300 thus peeled does not deteriorate even by being

irradiated with the UV light beam and can be repeatedly

used.

A s shown ,in FIG. 3D, on the information patterns



304 of the LO layer, an LO layer recording film 305 was

formed. The LO layer recording film 305 typically

includes a reflective layer which does not transmit

light or a reflective layer. In this example, a

dielectric film, an LO recording film, a dielectric

film, and an LO reflective film were formed in the

stated order by, for example, a sputtering method.

As shown in FIG. 3E, a bonding 2p resin 306 for

bonding the LO layer and the support substrate to each

other is applied. The bonding 2p resin 306 was dropped

in an annular manner on an inner periphery side of the

stamper A 301 having a center hole (not shown) , and the

transparent stamper was rotated to shake off droplets,

thereby obtaining a uniform thickness. The resin has a

thickness of, for example, 10 to 20 µm , but may have

any thickness as long as the thickness is uniform. It

is not necessary to consider the transfer property of

the bonding 2p resin 306, and it is sufficient to

satisfy a certain adhesion and thickness accuracy.

Accordingly, it is sufficient that the resin has a

single layer structure.

As shown in FIG. 3F, a transparent support

substrate 307 is superimposed on the stamper A 301. At

this time, alignment thereof was performed using a

center hole (not shown) . After that, the ultraviolet

.ray from the UV light source 310 is irradiated thereon

through the transparent support,"substrate 307 to



thereby cure the bonding 2p resin 306.

A s the transparent support substrate 307, a

cycloolefin substrate, a polymethylmethacrylate (PMMA)

substrate, a glass substrate, and the like are

preferably used in addition to the polycarbonate (PC)

substrate. The transparent support substrate 307

preferably has a thickness of 0.5 to 10 mm, a diameter

of 80 to 120 mm, and a center hole diameter of 10 to 15

mm. Typically, the diameter and the center hole

diameter thereof are substantially the same as those of

a disk to be finally produced, and for example, 120 mm

and 15 mm, respectively. In this example, used was a

transparent PC support substrate having a thickness of

1.1 mm, a diameter of 120 ram, and a center hole

diameter of 15 mm. In this case, with regard to the PC

substrate, even when an optical characteristic such as

a transmittance deteriorates due to the. UV irradiation,

a light beam for recording/reproduction does not pass

through the transparent support substrate 307, so that

there arises no problem.

A s shown in FIG. 3G, after the transparent

support substrate 307 is bonded, the stamper A is

peeled, thereby forming the information patterns 302 of

the Ll layer on the transparent support substrate 307.

A s shown in FIG. 3H, on the information patterns

302 of the Ll layer, an L l layer recording film 308 is

formed. The L l layer recording film 308 is formed of a



semi-transparent film. An Ll high refractive index film,

an Ll reflective film, an Ll dielectric film, an Ll

recording film, and a dielectric film were formed in

the stated order by, for example, the sputtering method.

5 ' As shown in FIG. 31, on the Ll layer recording

film 308, a cover layer (resin protective layer) was

formed. A cover layer-forming 2p resin 309 was dropped

in an annular manner on an inner periphery side of the

transparent support substrate 307 having a center hole

10 (not shown) , and the transparent support substrate 307

was rotated to shake off droplets, thereby obtaining a

uniform thickness. As the cover layer-forming 2p resin

309, it is possible to appropriately select a resin

from among resins which are curable by irradiation of

15 an ultraviolet ray to be performed later. For example,

an epoxy acrylate resin, a urethane acrylate resin, and

a silicon acrylate resin are preferably used. A

thickness of the cover layer-forming 2p resin 309 is

preferably 40 to 100 µm , and is, for example, 75 µm .

20 After that, the ultraviolet ray from the UV light

source 310 is irradiated thereon to cure the cover

layer-forming 2p resin 309, thereby completing the two-

layered optical recording medium according to this

example.

25 In this case, the structure of each of the

recording films will be descried with reference to FIG.

2 .



FIG. 2 is a sectional view of the completed two-

layered optical recording medium according to Example 1

On a transparent support substrate 215, recording

layers of an LO layer 217 and an Ll layer 214 are

disposed through an intermediate layer 207 from the

transparent support substrate side, and a cover layer

202 covers the Ll layer 214. A light beam for

recording/reproduction is made incident on the medium

from a direction indicated by an arrow (incident

direction of light beam for recording/reproduction) 223

The recording films of LO layer 217 and the Ll

layer 214 will be described by illustrating a

recordable film. Each of the recording films may be a

recordable or rewritable film, or may be a combination

thereof.

As shown in FIG. 3D, on information patterns 216

of the LO layer, the LO layer 217 is formed by the

following procedures. First, on the information

patterns 216 of the LO layer which is formed on the

- intermediate layer 207, there are sequentially formed

an LO dielectric layer 228, an LO intersurface layer

226 as needed, an LO recording layer 226, an LO

intersurface layer 225 as needed, and an LO reflective

layer 224.

In other words, as the LO layer 217 according to

this example, layers are sequentially stacked from a

layer of a side of the incident direction of the light



beam for recording/reproduction, so that the dielectric

layer, the recording layer, and the reflective layer

are formed in the stated order.

As explained with reference to FIG. 3H, on the

information patterns of the Ll layer> the Ll layer

recording film is formed by the following procedures.

First, on information patterns 213 of the Ll layer in

which guide grooves or pits are formed, there are

sequentially formed an Ll high refractive index layer

229 as needed, an Ll reflective layer 230, an Ll

intersurface layer 231 as needed, an Ll recording layer

232, an Ll intersurface layer 233 as needed, and an Ll

dielectric layer 234. In other words, on the

information patterns, the reflective layer, the

recording layer, and the dielectric layer are formed in

the stated order.

In a general two-layered optical recording medium,

layers are sequentially stacked from a layer of an

opposite side of the incident direction of the light

beam for recording/reproduction, so that the reflective

layer, the recording layer, and the dielectric layer

are formed in the stated order. For the reflective

layer, a silver alloy or an aluminum alloy is mainly

used, but a grain aggregate is formed in these

materials at the time of film formation. For this

reason, when the recording layer is formed after the

reflective layer is formed, the recording layer has -a



shape reflecting the grain aggregate, and a groove

shape which is preferable for the WO resist is buried,

which leads to an increase in media noise and has an

adverse effect on signals.

According to Example 1 , the LO layer has films

sequentially stacked from a layer of a side of the

incident direction of the light beam for

recording/reproduction, so that the dielectric layer,

the recording layer, and the reflective layer are

formed in the stated order. In this case, the

dielectric layer has an excellent surface property as

compared with the reflective layer. As a result,

according to this example, the surface property of the

reflective layer is not adversely affected, and the

characteristic of the groove shape which is preferable

for the WO resist can be utilized.

The LO layer according to Comparative Example 1

as described later is generally formed in the order of

the reflective layer, the recording layer, and the

dielectric layer. As compared with the LO layer

according to Comparative Example 1 , a media noise

generated in the LO layer according to Example 1 was

reduced by about 5 dB.

An evaluation of signal reproduction was

performed with respect to the optical disk thus

produced using an optical system having a laser

wavelength of 405 nm and an objective lens with NA of



0.85, at a linear speed of 4.92 m/s, .and using random

data of (1-7) modulation having a capacity of 25 GB.

When equalization w a s performed using a limit equalizer

to measure a data-to-clock jitter, sufficient values of

5.0% in the LO layer and 6.7% in the Ll layer were

obtained.

According to the method of producing an optical

disk of the present invention, the production steps are

simple, and a transparent stamper which can be

repeatedly utilized is used for other multilayer

optical recording mediums, thereby making it possible

to supply a multilayer optical disk at a low cost.

According to the method of producing an optical

disk of this example, a transparent stamper of a

negative type is used to stack layers from a side of

the incident direction of the light beam for

recording/reproduction, so that there is adopted a

process of forming the reflective film after the

recording film is formed. As a result, it is possible

to obtain a preferable characteristic without being

affected by a rough surface property of the reflective

film.

(Comparative Example 1 )

In Comparative Example 1 , a description is made

of a method of producing an optical disk having two

information recording layers, that is, an LO layer and

an Ll layer as a comparative example. For formation of



the Ll layer, a transparent stamper made of a resin and

formed by injection molding is used as a stamper for

injection molding.

Next, with reference to FIGS. 4A to 4G, a

description is made of the method of producing an

optical disk according to Comparative Example 1 . FIGS.

4A to 4G each show a sectional view of a half part of a

rotationally-symmetrical disk having a center hole, and

the center hole of each of the substrate and the

stamper is omitted. All the steps are shown with an

incident surface of a light beam for

recording/reproduction facing downward.

First, as shown in FIG. 4A, by injection molding,

a polycarbonate (PC) substrate 401 having a thickness

of 1.1 mm, a diameter of 120 mm, and a center hole

diameter of 15 mm, in which information patterns 402

(pits or guide grooves) of the LO layer were formed,

was formed. Each information track has a convex shape.

Next, as shown in FIG. 4B, on the information

patterns 402 of the LO layer, an LO layer recording

film 403 was formed. The LO layer recording film 403

typically includes a reflective film which does not

transmit light or a reflective film. In this example,

an LO reflective film, and a dielectric film, an LO

recording film, and a dielectric film were formed in

the stated order by, for example, a sputtering method.

As shown in FIG. 4C, an intermediate layer



forming-2p resin (photoreactive curable resin) 404 for

forming an intermediate layer between the LO layer and

the Ll layer is applied thereto with a thickness of,

for example, 25 µm , which is similar to that of Example

1 .

As shown in FIG. 4D, a transparent stamper 400 is

a transparent stamper made of a resin, and has

information patterns 405 (pits or guide grooves) of the

Ll layer formed therein. Each information track is

concave with respect to the stamper. The polycarbonate

(PC) substrate 401 into which the intermediate layer

forming-2p resin 404 was applied was superimposed on

the transparent stamper 400 in a direction in which the

information patterns qf the LO .layer were opposed to

the information patterns of the Ll layer. At this time,

alignment thereof was performed using a center hole

(not shown) . After that, the ultraviolet ray is

irradiated thereon through the transparent stamper 400

to cure the intermediate layer forming-2p resin 404.

As shown in FIG. 4E, after the intermediate layer

forming-2p resin 404 is cured, the transparent stamper

400 is peeled, thereby forming the information patterns

405 of the Ll layer. The transparent stamper 400 thus

peeled deteriorates by being irradiated with the

ultraviolet ray, and cannot be reused. In addition,

even if the stamper is reused, the application of the

stamper is limited.



As shown in FIG. 4F, on the information patterns

405 of the Ll layer, an Ll layer recording film 406 was

formed. The Ll layer recording film 406 is formed of a

semitransparent film. An Ll high refractive index film,

an Ll reflective film, an Ll dielectric film, an Ll

recording film, and a dielectric film were formed in

the stated order by, for example, the sputtering method.

As shown in FIG. 4G, on the Ll layer recording

film 406, a cover layer-forming 2p resin (resin

protective layer) 407 was formed. In the same manner

as in Example 1 , the cover layer-forming 2p resin 407

was applied thereto with a thickness of, for example,

75 µm . After that, the ultraviolet ray from the UV

light source is irradiated thereon to cure the cover

layer-forming 2p resin 407, thereby completing the two-

layered optical recording medium according to this

example .

An evaluation of signal reproduction was

performed with respect to the optical disk thus

produced using an optical system having a laser

wavelength of 405 nm and an objective lens with NA of

0.85, at a linear speed of 4.92 m/s, and using random

data of (1-7) modulation having a capacity of 25 GB.

When equalization was performed using a limit equalizer

to measure a data-to-clock jitter, sufficient values of

6.0% in the LO layer and 6.7% in the Ll layer were

obtained.



In this comparative example, the transparent .

stamper 400 made of a resin was used only once to be

thrown away. In addition, the media noise generated in

the LO layer was increased and the jitter value was

made worse as compared with Example 1 .

(Example 2 )

In this example, a description is made of a

method of producing an optical disk having four

information recording layers, that is, an LO layer, an

Ll layer, an L2 layer, and an L3 layer. All of the LO

layer, the Ll layer, the L2 layer, and th'e L3 layer are

formed using a transparent stamper according to the

present invention. As a resist for forming the

transparent stamper, WO of a negative type resist which

is similar to that of Example 1 is used.

First, by the steps similar to .those of Example 1 ,

an LO layer-forming transparent stamper, an Ll layer-

forming transparent stamper, an L2 layer-forming

transparent stamper, and an L3 layer-forming

transparent stamper were produced. In each of the

stampers, light exposure patterns corresponding to

information patterns (pits or guide grooves) for each

of the LO layer, the Ll layer, the L2 layer, and the L3

layer were formed. In this case, each information

track side of each stamper was convex with respect to

the stamper substrate.

Next, with reference to FIGS. 5A to 5R, a



description is made of the method of producing an

optical disk according to Example 2 . FIGS. 5A to 5R

each show a sectional view of a half part of a

rotationally-symmetrical disk having a center hole, and

the center hole of each of the substrate and the

stamper is omitted. All the steps are shown with an

incident surface of a light beam for

recording/reproduction facing downward. According to

Example 2 , the L3 layer, the L2 layer, the Ll layer,

and the LO layer were sequentially formed in the stated

order from the L3 layer side.

As shown in FIG. 5A, onto a support substrate, a

cover layer-forming 2p resin (photoreactive curable

resin) for forming a cover layer (resin protective

layer) was formed. Any support substrate may be used

as long as the support substrate has a certain flatness

(tilt characteristic and surface property) and

intensity, and a resin substrate, a metal substrate, a

glass substrate, or the like may be preferably used as

the support substrate. It is not necessary that the

support substrate is transparent, but the support

substrate preferably has a thickness of 0.5 to 10 mm, a

diameter of 80 to 150 mm, and an inner diameter of 10

to 15 mm. Typically, the diameter and the center hole

diameter thereof are substantially the same as those of

a disk to be finally produced, and for example, 120 mm

and 15 mm, respectively. In this example, used was a



glass substrate having a thickness of 1 mm, an outer

diameter of 120 mm, and an inner diameter of 15 mm.

The cover layer-forming 2p resin was dropped in

an annular manner on an inner periphery side of the

glass substrate having a center hole (not shown) , and

the glass substrate was rotated to shake off droplets,

thereby obtaining a uniform thickness. As the cover

layer-forming 2p resin, similarly to that of Example 1 ,

it is possible to appropriately select a resin from

among resins which are curable by irradiation of an

ultraviolet ray as performed later. A thickness of the

cover layer-forming 2p resin is preferably 40 to 100 µm ,

and is, for example, 70 µm .

As shown in FIG. 5B, the L3-forming transparent

stamper is a transparent stamper containing the above-

mentioned WO, and has information patterns (pits or

guide grooves) of the L3 layer formed therein. On the

cover layer-forming 2p resin, the L3-forming

transparent stamper was aligned using a center hole

(not shown) to be superimposed thereon. After that,

the ultraviolet ray was irradiated thereon through the

L3-forming transparent stamper' to cure the cover layer-

forming 2p resin. The cover layer-forming 2p resin may

be superimposed on the glass substrate after being

applied to the L3-forming transparent stamper. For

simplification, the cover layer-forming 2p resin has a

single layer, but a combination of a plurality of



resins may be used therefor in order to satisfy a

certain transfer property, releasability, and thickness

accuracy.

As shown in FIG. 5C, after the cover layer-

forming 2p resin was cured, the L3-forming transparent

stamper was peeled, thereby forming the information

patterns (pits or guide grooves) of the L3 layer on the

glass substrate. The L3-forming transparent stamper

thus peeled does not deteriorate even by being

irradiated with the UV light beam, and can be

repeatedly used.

As shown in FIG. 5D, on the information patterns

of the L3 layer, an L3 layer recording film was formed.

The L3 layer recording film was formed of a

semitransparent film.

As shown in FIG. 5E, onto the L3 layer recording

film, an intermediate layer-forming 2p resin for

forming an intermediate layer between the L3 layer and

the L2 layer was applied. The intermediate layer-

forming 2p resin was dropped on an inner periphery side

of the glass substrate having a center hole (not shown)

in an annular manner, and the glass substrate was

rotated to shake off droplets, thereby obtaining a

uniform thickness. As the intermediate layer-forming

2p resin, similarly to that of Example 1 , it is

possible to appropriately select a resin from among

resins which are curable by irradiation of an



ultraviolet ray to be performed later. A thickness of

the intermediate layer-forming 2p resin is, for example,

10 µm .

As shown in FIG. 5F, the L2-forming transparent

stamper i s a transparent stamper containing the above-

mentioned WO, and has information patterns (pits or

guide grooves) of the L2 layer formed therein. The I

forming transparent stamper was aligned using a center

hole (not shown) to be superimposed thereon. After

that, the ultraviolet ray was irradiated thereon

through the L2-forming transparent stamper to cure the

cover layer-forming 2p resin. The intermediate layer-

forming 2p resin may be superimposed on the glass

substrate after being applied to the L2-forming

transparent stamper. For simplification, the

intermediate layer-forming 2p resin has a single layer,

but a combination of a plurality of resins may be used

therefor in order to satisfy a certain transfer

property^ releasability, and thickness accuracy.

As shown in FIG. 5G, after the intermediate

layer-forming 2p resin was cured, the L2-forming

transparent stamper was peeled, thereby forming

information patterns (pits or guide grooves) of the L2

layer. The L2-forming transparent stamper thus peeled

does not deteriorate even by being irradiated with the

UV light beam, and can be repeatedly used.

As shown in FIG. 5H, on the information patterns



of the L2 layer, an L2 layer recording film was formed.

The L2 layer recording film was formed of a

semitransparent film.

As shown in FIG. 51, onto the L2 layer recording

film, an intermediate layer-forming 2p resin for

forming an intermediate layer between the L2 layer and

the Ll layer was applied. The intermediate layer-

forming 2p resin was dropped on an inner periphery side

of the glass substrate having a center hole (not shown)

in an annular manner, and the glass substrate was

rotated to shake off droplets, thereby obtaining a

uniform thickness. As the intermediate layer-forming

2p resin, similarly to that of Example 1 , it is

possible to appropriately select a resin from among

resins which are curable by irradiation of an

ultraviolet ray to be performed later. A thickness of

the intermediate layer-forming 2p resin is, for example,

15 µm .

As shown in FIG.- 5J, the Ll-forming transparent

stamper is a transparent stamper containing the above-

mentioned WO, and has information patterns (pits or

guide grooves) of the Ll layer formed therein. The Ll-

forming transparent stamper was aligned with the glass

substrate using a center hole (not shown) to be

superimposed thereon. After that, the ultraviolet ray

was irradiated thereon through the Ll-forming

transparent stamper to cure the intermediate layer- .



forming 2p resin. The intermediate layer-forming 2p

resin may be superimposed on the glass substrate after

being applied to the Ll-forming transparent stamper.

For simplification, the intermediate layer-forming 2p

resin has a single layer, but a combination of a

plurality of resins may be used therefor in order to

satisfy a certain transfer property, releasability, and

thickness accuracy.

As shown in FIG. 5K, after the intermediate

layer-forming 2p resin is cured, the Ll-forming

transparent stamper is peeled, thereby forming

information patterns (pits or guide grooves) of the Ll

layer. The Ll-forming transparent stamper thus peeled

does not deteriorate even by being irradiated with the

UV light beam, and can be repeatedly used.

As shown .in FIG. 5L, on the information patterns

of the Ll layer, an Ll layer recording film was formed.

The Ll layer recording film was formed of a

semitransparent film.

As shown in FIG. 5M, onto the Ll layer recording

film, an intermediate layer-forming 2p resin for

forming an intermediate layer between the Ll layer and

the LO layer was applied. The intermediate layer-

forming 2p resin was dropped on an inner periphery side

of the glass substrate having a center hole (not shown)

in an annular manner, and the glass substrate was

rotated to shake off droplets, thereby obtaining a



uniform thickness. As the intermediate layer-forming

2p resin, similarly to that of Example 1 , it is

possible to appropriately select a resin from among

resins which are curable by irradiation of an

ultraviolet ray to be performed later. A thickness of

the intermediate layer-forming 2p resin is, for example,

10 µm .

As shown in FIG. 5N, an LO-forming transparent

stamper is a transparent stamper containing the above-

mentioned WO, and has information patterns (pits or

guide grooves) of the LO layer formed therein. The LO-

forming transparent stamper was aligned with the glass

substrate using a center hole (not shown) to be

superimposed thereon. After that, the ultraviolet ray

was irradiated thereon through the LO-forming

transparent stamper to cure the intermediate layer-

forming 2p resin. The intermediate layer-forming 2p

resin may be superimposed on the glass substrate after

being applied to the LO-forming transparent stamper.

For simplification, the intermediate layer-forming 2p

resin has a single layer, but a combination of a

plurality of resins may be used therefor in order to

satisfy a certain transfer property, releasability, and

thickness accuracy.

As shown in FIG. 50, after the intermediate

layer-forming . 2p resin was cured, the LO-forming

transparent stamper was peeled, thereby forming



information patterns (pits or guide grooves) of the LO

layer. The LO-forming transparent stamper thus peeled

does not deteriorate even by being irradiated with the

UV light beam, and can be repeatedly used.

As shown in FIG. 5P, on the information patterns

of the LO layer, an LO layer recording film was formed.

The LO recording film typically includes a reflective

layer which does not transmit light or a reflective

layer.

As shown in FIG. 5Q, a bonding 2p. resin for

bonding the LO layer and the support substrate was

applied. The bonding 2p resin was dropped on an inner

periphery side of the glass substrate having a center

hole (not shown) in an annular manner, and the glass

substrate was rotated to shake off droplets, thereby

obtaining a uniform thickness. For the bonding 2p

resin, similarly to that of Example 1 , it is possible

to appropriately select a resin from among resins which

are curable by irradiation of an ultraviolet ray to be

performed later. A thickness of the bonding 2p resin

is, for example, 10 to 20 µm , but may have any

thickness as long as the thickness is uniform. It is

not necessary to consider the transfer property of the

bonding 2p resin, and it is sufficient to satisfy a

certain adhesion and thickness accuracy. Accordingly,

it is sufficient that the bonding 2p resin has a single

layer structure.



As shown in FIG. 5R, alignment of the transparent

support substrate and the glass substrate was performed

such that the transparent support substrate was

superimposed on the glass substrate, using a center

hole (not shown) . After that, the ultraviolet ray was

irradiated thereon through the transparent support

substrate to cure the bonding 2p resin. For the

transparent support substrate, a material similar to

that of Example 1 is preferably used. As the

transparent support substrate according to this example,

preferably used was a transparent PC support substrate

having a thickness of 1.1 mm, a diameter of 120 mm, and

a center hole diameter of 15 mm. In this case, with

regard to the PC substrate, even when an optical

characteristic such as a transmittance deteriorates due

to the UV irradiation, a light beam for

recording/reproduction does not pass through the

transparent support substrate, so there arises no

problem.

As shown in FIG. 5R, after the bonding 2p resin

was cured, the support substrate was peeled, thereby

completing the four-layered optical disk according to

Example 2 .

Here, the structure of each of the recording

films will be described.

As explained with reference to FIGS. 5D, 5H, 5L,

and 5P, on the information patterns of each of the L3



layer to LO layer, the L3 recording film to LO layer

recording film are respectively formed by the following

procedure. First, on the information patterns of each

of the L3 layer to LO layer in which guide grooves or

pits are formed, there are sequentially formed a

dielectric layer, a surface layer as needed, a

recording layer, a surface layer as needed, a

reflective layer, and a high refractive index layer as

needed. In other words, on the information patterns,

the dielectric layer, the recording layer, and the

reflective layer are formed in the stated order. In

addition, as needed, a dielectric layer may be formed

between the recording layer and the reflective layer.

Next, with reference to FIG. 6 , a description is

made of the structure of each of the LO layer recording

film to L3 layer recording film. FIG. 6 is a sectional

view of .the completed four-layered optical recording

medium according to this example. On a transparent

support substrate 715, four recording layers, that is,

an LO layer 717, an Ll layer 714, an .L 2 layer 710, and

an L3 layer 706 are disposed through an adhesive layer

720, and intermediate layers 718, 711, and 707,

respectively, and a cover layer 702 covers the L3 layer.

A light beam for recording/reproduction is made

incident on the medium from a direction indicated by an

arrow (of a light beam incident direction) 72 3 .

The respective films 717, 714, 710, and 706 of LO



layer to L3 layer will be described by illustrating a

recordable film. Each of the recording films may be a

recordable or rewritable film, or may be a combination

thereof.

As shown in FIG. 5D, on information patterns of

the L3 layer, the L3 layer recording film is formed by

the following procedure. First, on the information

patterns of the L3 layer in which pits or guide grooves

are formed therein, there are sequentially formed an L3

dielectric layer 746, an L3 surface layer 743 as needed,

an L3 recording layer 744, an L3 surface layer 745 as

needed, an L3 reflective layer 742, and an L3 high

refractive index layer 741 as needed.

In other words, on the information patterns, the

dielectric layer, the recording layer, and the

reflective layer are formed in the stated order.

Similarly, as shown in FIG. 5H, on information

patterns of the L2 layer, the L2 layer recording film

710 is formed by the following procedure. First, on

the information patterns of the L2 layer in which guide

grooves or pits are formed, there are sequentially

formed an L2 dielectric layer 740 , an L2 surface layer

737 as needed, an L2 recording layer 738, an L2 surface

layer 739 as needed, an L2 reflective layer 736, and an

L2 high refractive index layer 735 as needed. In other

words, on the information patterns, the dielectric

layer, the recording layer, and the reflective layer



are formed in the stated order.

Similarly, as shown in FIG. 5L, on information

patterns of the Ll layer, the Ll recording film 714 is

formed by the following procedure. First, on the

information patterns of the Ll layer in which guide

grooves or pits are formed, there are sequentially

formed an Ll dielectric layer 734, an Ll surface layer

731 as needed, an Ll recording layer 732., an Ll surface

layer 733 as needed, an Ll reflective layer 730, and an

L l high refractive index layer 729 as needed. In other

words, on the information patterns, the dielectric

layer, the recording layer, and the reflective layer

are formed in the stated order.

Similarly, as described with reference to FIG. 5P,

on information patterns of the L O layer, the L O layer

recording film 717 is formed by the following procedure.

First, on the information patterns of the LO layer in

which guide grooves or pits are formed, there are

sequentially formed an L O dielectric layer 728, an L O

surface layer 727 as needed, an L O recording layer 726,

an LO surface layer 725 as needed, and an LO reflective

layer 724. In other words, on the information patterns,

the dielectric layer, the recording layer, and the

reflective layer are formed in the stated order.

The conventional optical recording medium and the

optical recording medium according to Comparative

Example 2 to be described layer are formed in the order



of the reflective layer, the recording layer, and the

dielectric layer.

According to Example 2 , all the layers are formed

in the order of the dielectric layer, the recording

layer, and the reflective layer. As a result, in all

the layers, the surface property of the reflective

layer i-s not adversely affected, and the characteristic

of the groove shape which is preferable for the WO

resist can be utilized, as described in Example 1 .

As compared with the optical recording medium

according to Comparative Example 2 , a media noise

generated in the LO layer according to Example 2 was

reduced by about 2.5 dB.

An evaluation of signal reproduction was

performed with respect to the optical disk thus

produced using an optical system having a laser

wavelength of 405 nm and an objective lens NA of 0.85,

at a linear speed of 4.92 m/s, and using random data of

(1-7) modulation having a capacity of 25 GB. When

equalization was performed using a limit equalizer to

. measure a data-to-clock jitter, sufficient values of

5.5% in the LO layer, 6.5% in the Ll layer, 6.7% in the

L2 layer, and 6.0% in the L3 layer were obtained.

According to the method of producing an optical

disk of the present invention, the production processes

are simple, and a transparent stamper which can be

repeatedly used is used, thereby making it possible to



supply a multilayer optical disk at a low cost.

According to the method of producing an optical disk of

this example, the transparent stamper according to the

present invention can be applied to all the layers, so

an electrocasting apparatus or an injection-molding

machine is not necessary any more. Thus, it becomes

possible to supply the multilayer optical disk at a

lower cost .

Further, according to the method of producing an

optical disk of the present invention, a transparent

stamper of a negative type is used to stack layers from

a side of the incident direction of the light beam for

recording/reproduction, so adopted is a process in

which the reflective film is formed after the recording

film is formed. As a result, it is possible to Obtain

a preferable characteristic without being affected by a

rough surface property of the reflective film.

(Comparative Example 2 )

In Comparative Example 2 , an optical disk having

four information recording layers, that is, an LO layer,

an Ll layer, an L2 layer, and an L3 layer was produced

by the method similar to that of the conventional

example as shown in FIGS. 8A to 8P.

Here, the structure of each of the recording

films is described.

As shown in FIG. 8B, on information patterns 16

of the LO layer, an LO layer recording film 17 was



formed. The LO layer recording film 17 typically

includes a reflective film which does not transmit

light or a reflective film.

In this example, an LO reflective film, a

dielectric film, an LO recording film, and a dielectric

film were formed in the stated order by, for example,

the sputtering method.

As shown in FIG. 8F, on information patterns 13

of the Ll layer, an Ll layer recording film 14 was

formed. The Ll layer recording film 14 is formed .of a

semitransparent film. An Ll high refractive index film,

an Ll reflective film, an Ll dielectric film, an Ll

recording film, and a dielectric film were formed in

the stated order by, for example, the sputtering method.

As shown in FIG. 8J , on information patterns 9 of

the L2 layer, an L2 layer recording film 10 was formed.

The L2 layer recording film 10 is formed of a

semitransparent film. An L2 high refractive index film,

an L2 reflective film, an L2 dielectric film, an L2

recording film, and a dielectric film were formed in

the stated order by, for example, the sputtering method.

As shown in FIG. 8N, on information patterns 5 of

the L3 layer, an L3 layer recording film 6 was formed.

The L3 layer recording film 6 is formed of a

semitransparent film. An L3 high refractive index film,

an L3 reflective film, an L3 dielectric film, an L3

recording film, and a dielectric film are formed in the



stated order by, for example, the sputtering method.

According to Comparative Example 2 , all the

layers are formed in the order of the reflective layer,

the recording layer, and the dielectric layer.

An evaluation of signal reproduction was

performed with respect to the optical disk thus

produced using an optical system having a laser

wavelength of 405 nm and an objective lens NA of 0.85,

at a linear speed of 4.92 m/s, and using random data of

(1-7) modulation having a capacity of 25 GB. When

equalization was performed using a limit equalizer to

measure a data-to-clock jitter, sufficient values of

6.4% in the LO layer, 7.1% in the Ll layer, 7.3% in the

L2 layer, and 6.6% in the L3 layer were obtained.

In this comparative example, the transparent

stampers A , B , and C each made of a resin were used

only once to be thrown away, and each media noise

generated in all the layers was increased and the

jitter value was increased as compared with Example 2 .

(Example 3 )

A stamper was produced by the method similar to

that of Example 1 except that a composition of WO was

changed in Example 3.

As a glass substrate, a quartz substrate having a

thickness of 1 mm, an outer diameter of 120 mm, and an

inner diameter of 15 mm was used. First, on the quartz

substrate, a tungsten oxide WO having a composition in



which a slight amount of oxygen was lost from the

stoichiometric composition was formed. Sputtering was

performed on a WOx target containing W in an atmosphere

of Ar gas of 50 seem and O2 gas of 10 seem, to thereby

form the WO. As the composition, the ratio between the

Ar gas and the O gas was changed, thereby increasing

an amount of oxygen deficiency as compared with Example

1 . According to Example 3 , used was a composition

having a film thickness before exposure of 100 ran and

an absorptivity of 70% with respect to the exposure

light having a wavelength of 351 nm.

Next, the light for exposure was converged on the

resist, and was moved toward a radius direction of the

quartz substrate while the quartz substrate was rotated,

thereby performing pattern exposure whose patterns

correspond to information patterns (pits or guide

grooves) . According to Example 3 , a wavelength of

light for exposure was 351 nm. As a condition for

exposing a data recording area, a linear speed was set

to 2 .0 m/s, and power was set to 2.0 mW, and a track

pitch TP was set to 320 nm.

Next, the resist of the non-exposed part was

removed using an alkali developer, and development -was

performed so that the depth of each groove of the data

recording area be d = 20 nm, to thereby produce a

transparent stamper. Here, each information track side

thereof is convex with respect to the stamper substrate.



The transparent stamper had a transmittance of

19% at the maximum with respect to light having a

wavelength of 350 nm to 400 nm in a state after

development .

Next, an optical disk was produced by the method

similar to that of Example 1 except that a composition

of WO was changed in Example 4 . When the optical disk

was evaluated in the same manner as in Example 1 , the

characteristic equivalent to that of Example 1 was

obtained. The time necessary for UV irradiation to

cure the intermediate layer-1 forming 2p resin was 5

seconds .

(Example 4 )

A stamper was produced by the method similar to

that 'of Example 1 except that a composition of WO was

changed in Example 4.

As a glass substrate, a quartz substrate having a

thickness of 1 mm, an outer diameter of 120 mm, and an ,

inner diameter of 15 m was used. First, on the quartz

substrate, a tungsten oxide WO having the composition

in which a slight amount of oxygen was lost from the

stoichiometric composition was formed. Sputtering was

performed on a WOx target containing W in an atmosphere

of Ar gas of 50 seem and O2 gas of 5 seem, to thereby

form the WO. As the composition, the ratio between the

Ar gas and the O2 gas was changed, thereby increasing

an amount of oxygen deficiency as compared with Example



3 . According to Example 4 , used was a composition

having the film thickness before exposure of 100 nm and

the absorptivity of 75% with respect to the exposure

light having a wavelength of 351 nm.

Next, the light for exposure was converged on the

resist, and was moved toward a radius direction 114 of

a glass substrate while the glass substrate was rotated,

thereby performing pattern exposure whose patterns

correspond to information patterns 304 (pits or guide

grooves) of the LO layer from above the resist.

According to Example 4 , a wavelength of light for

exposure is 351 nm. As a condition for exposing a data

recording area, a linear speed was set to 1.9 m/s, and

power was set to 2.0 mW, and a track pitch TP was set

to 320 nm.

Next, the resist of the exposed part was removed

using an alkali solution, and development was performed

so that the depth of each groove of the data recording

area be d = 20 nm, to thereby produce a transparent

stamper. Here, each information track side thereof is

a concave positive type with respect to the stamper

substrate.

The transparent stamper had a transmittance of

15% at the maximum with respect to light having a

wavelength of 350 nm to 400 nm in a state after

development .

Next, when an optical disk was produced by the



method of producing an optical disk similar to that of

Example 1 , it was required 60 seconds as the UV

irradiation time to cure an intermediate layer 1-

forming 2p resin 303.

(Comparative Example 3 )

A stamper was produced by the method similar to

that of Example 1 except that a composition of WO was

changed in Comparative Example 3.

As a glass substrate, a quartz substrate having a

thickness of 1 mm, an outer diameter of 120 mm, and an

inner diameter of 15 mm was used. First, on the quartz

substrate, a tungsten oxide WO having the composition

in which a slight amount of oxygen was lost from the

stoichiometric composition was formed. Sputtering was

performed on a WOx target containing W in an atmosphere

of Ar gas of 50 seem and O2 gas of 50 seem, to thereby

form the WO. As the composition, the ratio between the

Ar gas and the O2 gas was changed, thereby increasing

an amount of oxygen deficiency as compared with Example

1 . According to Comparative Example 3 , used was a

composition having the film thickness before exposure

of 100 nm and the absorptivity of 5% with respect to

the exposure light having a wavelength of 351 nm.

Next, the light for exposure was converged on the

resist, and exposure was performed while the quartz

substrate was rotated. However, even when a high power

was introduced thereto, the patterns .could not be



obtained.

(Example 5 )

In Example 5 , a stamper was produced by the

method similar to that of Example 3 except that a

waveform of exposure light was changed to 405 nm.

As a glass substrate, a quartz substrate having a

thickness of 1 mm, an outer diameter of 120 mm, and an

inner diameter of 15 mm was used. First, on the quartz

substrate, a tungsten oxide WO having the composition

in which a slight amount of oxygen was lost from the

stoichiometric composition was formed. Sputtering was

performed on a WOx target containing W in an atmosphere

of Ar gas of 50 seem and O2 gas of 10 seem, to thereby

form the WO. The film thickness before exposure was

100 nm, and the absorptivity was 30% with respect to

the exposure light having a wavelength of 405 nm. In

the vicinity of the ultraviolet range, as the

wavelength of light becomes longer, the absorptivity

becomes smaller.

Next, the light for exposure was converged on the

resist, and was moved toward a radius direction of the

quartz substrate while the quartz substrate was rotated,

thereby performing pattern exposure whose patterns

correspond to information patterns 304 (pits or guide

grooves) of the LO layer from above the resist.

According to Example 5 , a wavelength of light for

exposure was 405 nm. As a condition for exposing a



data recording area, a linear speed was set to 1.5 m/s,

and power was set to 2.0 mW, and a track pitch TP was

set to 320 nm.

Next, the resist of the non-exposed part was

removed using an alkali developer, and development was

performed so that the depth of each groove of the data

recording area be d = 20 nm, to thereby produce a

transparent stamper. Here, each information track side

thereof is convex with respect to the stamper substrate

The transparent stamper had a transmittance of

19% at the maximum with respect to light having a

wavelength of 350 nm to 400 nm in a state after

development as in Example 3 .

Next, an optical disk was produced by the method

of producing an optical disk similar to that of Example

1 . When the optical disk was evaluated in the same

manner as in Example 1 , the characteristic equivalent

to that of Example 1 was obtained.

(Example 6 )

In Example 6 , a stamper was produced using a W

metal target.

As a glass substrate, a quartz substrate having a

thickness of 1 mm, an outer diameter of 120 mm, and an

inner diameter of 15 mm was used. First, on the quartz

substrate, a tungsten oxide WO having the composition

in which oxygen was lost from the stoichiometric

composition was formed. Sputtering was performed on



the W metal target in an atmosphere of Ar gas of 30

seem and O2 gas of 20 seem, to thereby form the WO. The

film thickness before exposure was 100 nm, and the

absorptivity was 60% with respect to the exposure light

having a wavelength of 351 nm.

Next, the light for exposure was converged on the

resist, and was moved toward a radius direction of the

quartz substrate while the quartz substrate was rotated,

thereby performing pattern exposure whose patterns

correspond to information patterns (pits or guide

grooves) of the Ll layer from above the resist. In

Example 6 , as a condition for exposing a data recording

area, a linear speed was set to 3.0 m/s, and power was

set to 3.0 mW, and a track pitch TP was set to 320 nm.

Here, the tungsten oxide WO having the composition in

which oxygen is lost from the stoichiometric

composition, which is used in Example 6 , has a film

whose state is changed by irradiation of light for

exposure, and corresponds to a positive type resist in

which the exposed part becomes concave by the

development with the alkali solution.

Next, the resist of the exposed part is subjected

to etching using the alkali developer, and development

is performed so that the depth of each groove of the

data recording area becomes d = 20 nm, to thereby

produce a transparent stamper 900. Each information

track side thereof is concave with respect to the



stamper .

The transparent stamper has a transmittance of

30% at the maximum with respect to the light having a

wavelength of 350 nm to 400 nra in a state after the

development .

Next, an optical disk was produced by the method

which is similar to that of Comparative Example 1

except that the transparent stamper 900 according to

the present invention was employed.

' A description is made of the optical disk with

reference to FIGS. 9A to 9G. FIGS. 9A to 9G each show

a sectional view of a half part of disk having a

center hole, and the center hole- of each of the

substrate and the stamper is omitted. All the

processes are illustrated with an incident surface of a

light beam for recording/reproduction facing downward.

First, as shown in FIG. 9A, by injection molding,

a polycarbonate (PC) substrate 901 having a thickness

of 1.1 mm, a diameter of 120 mm, and a center hole

diameter of 15 mm, in which information patterns 902

(pits or guide grooves) of the LO layer were formed,

was formed. Each information track has a convex shape.

Next, as shown in FIG. 9B, on the information

patterns 902 of the LO layer, an LO layer recording

film 903 was formed.. The LO layer recording film 903

typically includes a reflective layer which does not

transmit light or a reflective layer. According to



this example, an LO recording film, a dielectric film,

an LO recording film, and a dielectric film were formed

in the stated order by, for example, a sputtering

method.

As shown in FIG. 9C, an intermediate layer

forming-2p resin (photoreactive curable resin) 904 for

forming an intermediate layer between the LO layer and

the Ll layer is applied thereto with a thickness of,

for example, 25 µm , which is similar to that of Example

1 .

As shown in FIG. 9D, the transparent stamper 900

is a transparent stamper according to this example, and

has information patterns 905 (pits or guide grooves) of

the Ll layer formed therein. Each information track is

concave with respect to the stamper. The polycarbonate

(PC) substrate 901 applied with the intermediate layer

forming-2p resin 904 was superimposed on the

transparent stamper 900 in a direction in which the

information patterns of the LO layer were opposed to

the informa'tion patterns of the Ll layer. At this time,

alignment thereof was performed using a center hole

(not shown) . After that, the ultraviolet ray was

irradiated thereon through the transparent stamper 900

to cure the intermediate layer forming-2p resin 904 .

In order to cure the intermediate layer-forming 2p

resin 904, there was required UV irradiation time of

less than 3 seconds.



As shown in FIG. 9E, after the intermediate layer

forming-2p resin 904 is cured, the transparent stamper

900 is peeled, thereby forming the information patterns

905 of the Ll layer. The transparent stamper 900 thus

peeled does not deteriorate even by being irradiated

with the UV light beam, and can be repeatedly used.

As shown in FIG. 9F, on the information patterns

905 of the Ll layer, an Ll layer recording film 906 was

formed. The Ll layer recording film 906 is formed of a

semitransparent film. An Ll high refractive index film,

an Ll reflective film, an Ll dielectric film, an Ll

recording film, and a dielectric film were formed in

the stated order by, for example, the sputtering method.

As shown in FIG. 9G, on the Ll layer recording

film 906, a cover layer-forming 2p resin (resin

protective layer) 907 was formed. In the same manner

as in Example 1 , the cover layer-forming 2p resin 907

was applied thereto with a thickness of, for example,

75 µm . After that, the ultraviolet ray from the UV

light source was irradiated thereon to cure the cover

layer-forming 2p resin 907, thereby completing the two-

layered optical recording medium according to this

example .

An evaluation of signal reproduction was

performed with respect to the optical disk thus

produced using an optical system having a laser

wavelength of 405 ran and an objective lens NA of 0.85,



at a linear speed of 4.92 m/s, and using random data of

(1-7) modulation having a capacity of 25 GB. When

equalization was performed using a limit equalizer to

measure a data-to-clock jitter, values of 5.5% in the

LO layer and 6.7% in the Ll layer were obtained.

According to the method of producing an optical

disk of the present invention, the production processes

are simple, and a transparent stamper which can be

repeatedly used is used, thereby making it possible to

supply a multilayer optical disk at a low cost.

(Example 7 )

A transparent stamper was produced by the method

similar to that of Example 6 except that a composition

of WO was changed in Example 7.

As a glass substrate, a quartz substrate having a

thickness of 1 mm, an outer diameter of 120 mm, and an

inner diameter of 15 mm was used. First, on the quartz

substrate, a tungsten oxide WO having the composition

in which oxygen was lost from the stoichiometric

composition was formed. Sputtering was performed on a

W metal target in an atmosphere of Ar gas of 50 seem

and O2 gas of 20 seem, to thereby form the WO. In

Example 7 , used was a composition having the film

thickness before exposure of 100 nm and the

absorptivity of 70% with respect to the exposure light

having a wavelength of 351 nm.

Next, the light for exposure was converged on the



resist, and was moved toward a radius direction of the

quartz substrate while the quartz substrate was rotated,

thereby performing pattern exposure whose patterns

correspond to information patterns (pits or guide

grooves) of the L l layer from above the resist.

According to Example 7 , as a condition for exposing a

data recording area, a linear speed was set to 3.0 m/s,

and power was set to 2.9 mW, and a track pitch TP was

set. to 320 nra.

Next, the resist of the non-exposed part was

subjected to etching using an alkali developer, and

development was performed so that the depth of each

groove of the data recording area be d = 20 run, to

thereby produce a transparent stamper. Here, each

information track side thereof is concave with respect

to the stamper substrate.

The transparent stamper had a transmittance of

19% at the maximum with respect to light having a

wavelength of 350 nm to 400 nm in a state after

development.

Next, an optical disk was produced by the method

of producing an optical disk similar to that of Example

6 . When the optical disk was evaluated in the same

manner as in Example 6 , the characteristic equivalent

to that of Example 6 was obtained. The time necessary

for UV irradiation was 5 seconds.

(Example 8 )



A transparent stamper was produced by the method

similar to that of Example 6 except that a composition

of WO was changed in Example 8.

As a glass substrate, a quartz substrate having a

thickness of 1 mm, an outer diameter of 120 mm, and an

inner diameter of 15 mm was used. First, on the quartz

substrate, a tungsten oxide WO having the composition

in which oxygen was lost from the stoichiometric

composition was formed. Sputtering was performed on a

WOx target containing W in an atmosphere of Ar gas of

15 seem and O2 gas of 16 seem, to thereby form the WO.

According to Example 8 , used was a composition having

the film thickness before exposure of 100 nm and the

absorptivity of 50% with respect to the exposure light

having a wavelength of 351 nm.

Next, the light for exposure was converged on the

resist, and was moved toward a radius direction of the

quartz substrate while the glass substrate was rotated,

thereby performing pattern exposure whose patterns

correspond to information patterns (pits or guide

grooves) of the Ll layer from, above the resist.

According to Example 8 , as a condition for exposing a

data recording area, a linear speed was set to 1.0 m/s,

and power was set to 2.5 mW, and a track pitch TP was

set to 320 nm. Here, the tungsten oxide WO having the

composition in which oxygen is lost from the

stoichiometric composition, which is used in Example 8 ,



has a film whose state is changed by irradiation of

light for exposure, and corresponds to a negative type

resist in which the exposed part becomes convex by the

development with the alkali developer.

Next, the resist of the non-exposed part was

subjected to etching using the alkali developer, and

development was performed so that the depth of each

groove of the data recording area be d = 20 nm, to

thereby produce a transparent stamper 1000. Here, each

information track side thereof is a convex with respect

to the stamper.

The transparent stamper had a transmittance of

40% at the maximum with respect to light having a

wavelength of 350 nm to 400 nm in a state after

development.

Next, in Example 8 , an optical disk was produced

by the method similar to that of Example 6 except that

the transparent stamper 1000 according to the present

invention and the LO layer-forming substrate with

information tracks each having a concave shape were

used, and an organic recording material was used.

A description is made of the optical disk with

reference to FIGS. 10A to 1OG. FIGS. 1OA to 1OG each

show a sectional view of a half part of a disk having a

center hole, and the center hole of each of the

substrate and the stamper is omitted. All the

processes are illustrated with an incident surface of a



light beam for recording/reproduction facing downward.

First, as shown in FIG. 1OA, by injection molding,

a polycarbonate (PC) substrate 1001 having a thickness

of 1.1 mm, a diameter of 120 mm, and a center hole

diameter of 15 mm, in which information patterns 1002

(pits or guide grooves) of the LO layer were formed,

was formed. Each information track has a concave shape.

Next, as shown in FIG. 1OB, on the information

patterns 1002 of the LO layer, an LO layer recording

film 1003 was formed. The LO layer recording film 1003

typically includes a reflective layer which does not

transmit light or a reflective layer. According to

this example, an LO reflective film was formed by, for

example, a sputtering method, an organic coloring

matter-based LO recording film was formed employing a

spin coating method, and then a dielectric film was

formed employing the sputtering method.

As shown in FIG. 1OC, an intermediate layer

forming-2p resin (photόreactive curable resin) 1004 for

forming an intermediate layer between the LO layer and

the Ll layer was applied thereto with a thickness of,

for example, 25 µm , which is similar to that of Example

1 .

As shown in FIG. 10D, the transparent stamper

1000 is a transparent stamper according to this example,

and has information patterns 1005 (pits or guide

grooves) of the Ll .layer formed therein. Each



information track is convex with respect to the stamper.

The polycarbonate substrate 1001 applied with the

intermediate layer forming-2p resin 1004 was

superimposed on the transparent stamper 1000 in a

direction in which the information patterns of the LO

layer were opposed to the information patterns of the

Ll layer. At this time, alignment thereof was

performed using a center hole (not sh own ) . After that,

the ultraviolet ray was irradiated thereon through the

transparent stamper 1000 to cure the intermediate layer

forming-2p resin 1004. In order to cure the

intermediate layer-forming 2p resin 1004, there was

required UV irradiation time of less than 2 seconds.

As shown in FIG. 1OE, after the intermediate

layer forming-2p resin 1004 is cured, the transparent

stamper 1000 is peeled, thereby forming the information

patterns 1005 of the Ll layer. The transparent stamper

1000 thus peeled does not deteriorate even by being

irradiated with the UV light beam, and can be

repeatedly used.

As shown in FIG. 1OF, on the information patterns

1005 of the Ll layer, an Ll layer recording film 1006

was formed. The Ll layer recording film 1006 is formed

of a semitransparent film. An Ll high refractive index

film and an Ll reflective film were formed by, for

example, the sputtering method, an organic coloring

matter-based Ll recording film was formed employing the



spin coating method, and then a dielectric film was

formed employing the sputtering method.

As shown in FIG. 1OG, on the Ll layer recording

film 1006, a cover layer-forming 2p resin (resin

protective layer) 1007 was formed. In the same manner

as in Example 1 , the cover layer-forming 2p resin 1007

was applied thereto with a thickness of, for example,

75 µm . After that, the ultraviolet ray from the UV

light source was irradiated thereon to cure the cover

layer-forming 2p resin 1007, thereby completing the

two-layered optical recording medium according to this

example.

An evaluation of signal reproduction was

performed with respect to the optical disk thus

produced using an optical system having a laser

wavelength of 405 nm and an objective lens NA of 0.85,

at a linear speed of 4.92 m/s, and using random data of

(1-7) modulation having a capacity of 25 GB. When

equalization was performed using a limit equalizer to

measure a data-to-clock jitter, values of 5.5% in the

LO layer and 6.7% i n the Ll layer were obtained.

(Example 9 )

In Example 9 , a description is made of a method

of producing an optical disk for recording/reproduction

through a polycarbonate (PC) substrate as an example.

Here, an information recording layer at a side closer

to an optical system for recording/reproduction of the



optical disk is called Ll, and an information recording

layer at a side far from an optical system for

recording/reproduction of the optical disk is called L O

An LO-forming transparent stamper 1100 was

produced in the same method as in Example 8 except that

the track pitch T Was changed to 400 nm. Each

information track side thereof is convex with respect

to the stamper.

Next, in Example 9 , the transparent stamper 1100

according to the present invention and an Ll-forming

substrate which includes information tracks each having

a concave shape were used to produce an optical disk

using an organic recording material.

A description is made of the optical disk with

reference to FIGS. H A to HG. FIGS. H A to H G each

show a sectional view of a half part of a rotationally-

symmetrical disk having a center hole, and the center

hole of each of the substrate and the stamper is

omitted. All the processes are illustrated with an

incident surface of a light beam for

recording/reproduction facing downward.

First, as shown in FIG. HA, by injection molding,

a polycarbonate (PC) substrate 1101 having a thickness

of 0.6 mm, a diameter of 120 mm, and a center hole

diameter of 15 mm, in which information patterns 1102

(pits or guide grooves) of the Ll layer were formed,

was formed.- Each information track has a concave shape.



Next, as shown in FIG. HB, on the information

patterns 1102 of the Ll layer, an Ll layer recording

film 1103 was formed. The Ll layer recording film is

formed of a semitransparent film. An organic coloring

matter-based Ll recording film was formed by, for

example, a spin coating method, and then an Ll

reflective film was formed by the sputtering method.

As shown in FIG. HC, an intermediate layer

forming-2p resin (photoreactive curable resin) 1104 for

forming an intermediate layer between the LO layer and

the Ll layer was applied thereto with a thickness of,

for example, 35 µm .

As shown in FIG. HD, the transparent stamper

1100 is a transparent stamper according to this example,

and has information patterns 1105 (pits or guide

grooves) of the LO layer formed therein. Each

information track is convex with respect to the stamper.

The polycarbonate substrate 1101 applied with the

intermediate layer forming-2p resin 1104 was

superimposed on the transparent stamper 1100 in which

information patterns of the LO layer were formed, in a

direction in which the information patterns of the LO

layer were opposed to the information patterns of the

Ll layer. At this time, alignment thereof was

performed using a center hole (not shown) . After that,

the ultraviolet ray was irradiated thereon through the

transparent stamper 1100 to cure the intermediate layer



forming-2p resin 1104. In order to cure the

intermediate layer-forming 2p resin 1104, there was

required UV irradiation time of less than 2 seconds.

As shown in FIG. HE, after the intermediate

layer forming-2p resin 1104 is cured, the transparent

stamper 1100 is peeled, thereby forming the information

patterns 1105 of the LO layer. The transparent stamper

1100 thus peeled does not deteriorate even by being

irradiated with the UV light beam, and can be

repeatedly used.

As shown in FIG. HF, on the information patterns

1105 of the LO layer, an LO layer recording film 1106

was formed. The LO layer recording film typically

includes a reflective film which does not transmit

light or a reflective film. According to this example,

an organic coloring matter-based LO recording film was

formed by, for example, the spin coating method, and

then an LO reflective film was formed employing the

sputtering method.

As shown in FIG. HG, to the LO layer recording

film, a polycarbonate substrate 1108 having a thickness

of 0.6 mm was bonded by employing a UV curing adhesive

material 1109, thereby completing the two-layered

optical recording medium according to this example.

An evaluation of signal reproduction was

performed with respect to the optical disk thus

produced using an optical system having a laser



wavelength of 405 nm and an objective lens NA of 0.65,

and employing ETM (8/12) modulation having a capacity

of 15 GB. When a simulated bit error rate (SbER) was

measured, values of 4.2 10 6 in the LO layer and 7.0

10~6 in the Ll layer were obtained.

The present invention is characterized in that a

resist layer containing a tungsten oxide is formed on a

transparent substrate which can be repeatedly used, and

a stamper having uneven pattern which correspond to

information signal patterns (pits or guide grooves)

formed in the resist layer is used. Therefore, the

structure of the stamper, the stacking order or

stacking direction of the information recording layers,

the material of the recording layer, and the like are

not limited to those of the above-mentioned examples.

(Example 10)

• In Example 10, a description is made of a

molybdenum oxide MoO having a composition in which

oxygen is lost from a stoichiometric composition as a

resist as an example. The molybdenum oxide MoO used in

Example 10 has a film whose state is changed by

irradiation of light for exposure, and corresponds to a

positive type resist in which the exposed part becomes

concave by the development using an alkali solution.

As a glass substrate, a quartz substrate having a

thickness of 1 mm, an outer diameter of 120 mm, and an

inner diameter of 15 mm was used. First, on the quartz



substrate, molybdenum oxide MoO having the composition

in which oxygen was lost from the stoichiometric

composition was formed. Sputtering was performed on a

Mo metal target in an atmosphere of Ar gas of 50 seem

and O2 gas of 11.5 seem, to thereby form the MoO. Used

was a composition having the film' thickness before

exposure of 100 nm and the absorptivity of 50% with

respect to the exposure light having a wavelength of

351 nm.

Next, the light for exposure was converged on the

resist, and was moved toward a radius direction of the

quartz substrate while the quartz substrate was rotated,

thereby performing pattern exposure whose patterns

correspond to information patterns (pits or guide

grooves) of the Ll layer on the resist. According to

Example 10, as a condition for exposing a data

recording area, a linear speed was set to 1.0 m/s, and

power was set to 0.8 mW, and a track pitch TP was set

to 320 nm.

Next, the resist of the exposed part was

subjected to etching using the alkali developer, and

development was performed so that the depth of each

groove of the data recording area be d = 20 nm, to

thereby produce a transparent stamper. Here, each

information track side thereof is concave with respect

to the stamper.

The transparent stamper has a transmittance of



40% at the maximum with respect to light having a

wavelength of 350 run to 400 nm in a state after the

development .

Next, an optical disk was produced by the method

of producing an optical disk similar to that of Example

6 . When the optical disk was evaluated in the same

manner as in Example 6 , the characteristic equivalent

to that of Example 6 was obtained. The UV irradiation

time necessary for curing the intermediate layer-

forming 2p resin was less than 2 seconds.

This application claims the benefit of Japanese

Patent Application No. 2006-020895, filed January 30,

2006, and Japanese Patent Application No. 2006-292528

October 27, 2006 which are hereby incorporated by

reference herein in their entirety.



CLAIMS

1 . A stamper for producing a multilayer optical

recording medium, comprising:

a translucent substrate; and

a translucent inorganic resist layer in which one

of a pit and a guide groove is formed on the

translucent substrate.

2 . A stamper for producing a multilayer optical

recording medium according to claim 1 , wherein the

stamper has an absorptivity of 10% or more with respect

to exposure light which is used in patterning the

inorganic resist layer, and has a transmittance of 15%

or more with respect to an ultraviolet ray which is

used in curing a phόto-curable resin

3 . A stamper for producing a multilayer optical

recording medium according to claim 2 , wherein the

inorganic resist layer contains at least one of

tungsten and molybdenum.

4 . A stamper for producing a multilayer optical

recording medium according to claim 3 , wherein the

inorganic resist layer contains an oxide of one of

tungsten and molybdenum, having a composition in which

oxygen is lost from a stoichiometric composition.

5 . A stamper for producing a multilayer optical

recording medium according to claim 1 , wherein the

substrate comprises any one of glass, quartz, and



transparent ceramic.

6 . A method of producing a stamper for producing

a multilayer optical recording medium, comprising:

(a) a step of stacking a translucent inorganic

resist layer on a translucent substrate; and

(b) a step of light-exposing and developing the

inorganic resist layer to form one of a pit and a guide

groove .

7. A method of producing a stamper for producing

a multilayer optical recording medium according to

claim 6 , wherein the stamper has an absorptivity of 10%

or more with respect to exposure light which is used in

patterning the inorganic resist layer, and has a

transmittance of 15% or more with respect to an

ultraviolet ray used in curing a photo-curable resin.

8. A method of producing a stamper for producing

a multilayer optical recording medium according to

claim 6 , wherein the inorganic resist layer contains at

least one of tungsten and molybdenum.

9 . A method of producing a stamper for producing

a multilayer optical recording medium according to

claim 8 , wherein the inorganic resist layer contains an

oxide of one of tungsten and molybdenum, having a

composition in which oxygen is lost from a

stoichiometric composition. .

10. A method of producing a stamper for producing

a multilayer optical recording medium according to



claim 6 , wherein the substrate comprises any one of

glass, quartz, and transparent ceramic.

11. A method of producing a multilayer optical

recording medium, comprising:

(a) a step of forming a recording layer on a

support substrate formed one of a pit and a guide

groove;

(b) a step of forming an intermediate layer

formed of a photoreactive curable resin onto the

recording layer;

(c) a step of irradiating the intermediate layer

with an ultraviolet ray through a stamper having one of

a pit and a guide groove formed on a translucent

substrate by using an inorganic resist to transfer the

one of the pit and the guide groove onto the

intermediate layer; and

(d) a step of stacking a recording layer on the

intermediate layer.

12 . A method of producing a multilayer optical

recording medium according to claim 11, wherein the

stamper has an absorptivity of 10% or more with respect

to exposure light which is used in patterning the

inorganic resist layer, and has a transmittance of 15%

or more with respect to an ultraviolet ray used in

curing a photo-curable resin.

13. A method of producing a multilayer optical

recording medium according to claim 11, further



comprising (e) a step of reusing the stamper for

producing another multilayer optical recording medium.

14. A method of producing a multilayer optical

recording medium according to claim 13, wherein the

inorganic resist layer contains at least one of

tungsten and molybdenum.

15. A method of producing a multilayer optical

recording medium according to claim 14 wherein the

inorganic resist layer contains an oxide of one of

tungsten and molybdenum, having a composition in which

oxygen is lost from a stoichiometric composition.

16. A method of producing a multilayer optical

recording medium according to claim 11, wherein the

substrate comprises any one of glass, quartz, and

transparent ceramic.

17 . A method of producing a multilayer optical

recording medium, comprising:

(a.) a step of forming a first intermediate layer

formed of a photoreactive curable resin on a support

substrate;

(b) a step of irradiating the first intermediate

layer with an ultraviolet ray through a stamper having

one of a pit and a guide groove formed on a translucent

substrate by using an inorganic resist to transfer the

one of the pit and the guide groove onto the

intermediate layer;

(c) a step of stacking a recording layer on the



first intermediate layer; and

(d) a step of forming a second intermediate layer

formed of the photoreactive curable resin onto the

recording layer.































A. CLASSIFICATION Of SUBJECT MATTER ,
INV. B29D17/00 G11B7/24 G11B7/26

According to International Patent Classification (IPC) orto both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
B29D GIlB

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal , WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No

EP 1 477 847 A (SONY CORP [JP]) 1-10
17 November 2004 (2004-11-17)
paragraphs [0012], [0025] - [0027],
[0038], [0048]
paragraph [0004] 12,14-16

JP 2002 279707 A (TOKYO SHIBAURA ELECTRIC 1,6,11,
CO) 27 September 2002 (2002-09-27) 13,17
abstract; claim 1 12,14-16
paragraphs [0021] - [0029]

JP 2005 203052 A (SONY CORP) 1,3,4
28 July 2005 (2005-07-28)
abstract
paragraph [0016]

D Further documents are listed in the continuation of Box C See patent family annex

* Special categories of cited documents
"T' later document published after the international filing date

or priority date and not in conflict with the application but1A- document defining the general state of the art which is not cited to understand the principle or theory underlying the
considered to be of particular relevance invention

1E" earlier document but published on or after the international "X" document of particular relevance, the claimed invention
filing date cannot be considered novel or cannot be considered to

1L document which may throw doubts on priority clalm(s) or involve an inventive step when the document is taken alone
which is cited to establish the publication date of another "Y" document of particular relevance, the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the

"O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu¬
other means ments, such combination being obvious to a person skilled

"P" document published prior to the international filing date but In the art

later than the priority date claimed "&■ document member of the same patent family

Date of the actual completion of the International search Date of mailing of the international search report

3 May 2007 10/05/2007

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P B 5818 Patentlaan 2
NL- 2280 HV Ryswijk

TeI (+31-70) 340-2040, Tx 3 1 651 epo nl,
Fax (+31-70) 340-3016

Pipping, Lars

Form PCT/IS/V210 (second sheet) (April 2005)



Information on patent family members
PCT/JP2007/051207

Patent document Publication Patent family Publication
cited in search report date member(s) date

EP 1477847 17-11-2004 CN 1509423 A 30-06-2004
WO 03071356 Al 28-08-2003
JP 2003315988 A 06-11-2003
TW 231409 B 21-04-2005
US 2006199104 Al 07-09-2006
US 2004170916 Al 02-09-2004

JP 2002279707 A 27-09-2002 NONE

JP 2005203052 A 28-07-2005 NONE

Form PGT/ISA/21 0 (patent family annex) (April 2005)


	front-page
	description
	claims
	drawings
	wo-search-report

