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OPTICAL RECORDING MEDIUM

BACKGROUND OF THE INVENTION

Field of the Invention:

The present invention relates to an optical
recording medium.
Description of the Related Art:

FIG. 1 is a cross-sectional view showing a compact
disk which is a conventional optical recording medium, e.g., a
read-only memory (ROM) type optical disk. 'The optical disk
.. has a transparent substrate 1 formed of, for example, a
polycarbonate (hereinafter referred to as PC) as a
comparatively thick glass or plastic having a thickness of 1.2
mm. On one surface of the substrate 1, a minute uneven
portion 2 such as a phase recording pit corresponding to, for
example, data information, a tracking pregroove or the like is
formed by injection molding, for example. A reflective film 3
made of metal such as Al, for example, is deposited on the
minute uneven portion 2 by vacuum evaporation or sputtering.
Thus, an information recording‘layer is formed. A protective
film 4 generally formed of ultraviolet curing resin as a light
curing resin having a thicknesg of, for example, 0.01 mm which
is considerably thin as compared with the substrate 1 is
deposited on the reflective film 3 of the information
recording layer.

The optical disk having such arrangement has the
substrate 1 which is a light transparent layer. Specifically,
when information is optically read from the information
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recording layer of the optical disk, rays of light, i.e., rays
of laser light L are irradiated from the side of the
transparent substrate 1 having large thickness on the
information recording layer to read the information by
utilizing optical interference generated by the minute uneven
portion 2 thereof.

The reason for reading the information by
irradiating rays of light from the thick substrate 1 side as
described above lies in the consideration that when there is
dust, scratch or the like on the disk surface, the larger a
distance between the information recording layer and a surface
on which a reading light is incident to a certain extent, the
smaller the influencé of the dust, scratch or the like on the
irradiated rays of light, i.e.; the influence of noise of a
signal becomes. However, since an amount of coma of a reading
signal produced by inclination of the optical disk, i.e., so-
called skew is in proportion to thickness of a light
transmitting layer in this case, the above-described
irradiation of rays of laser light from the side of the
comparatively thick and transparent substrate 1 leads to a
large amount of coma.

It is possible to exclude noises resulting from the
dust, scratch or the like on the surface of the optical
recording medium such as the above-mentioned optical disk or
the like by a signal processing. Accordingly, as shown in
FIG. 2, when the protective film 4 is formed as a transparent
film and the rays of light, i.e., laser light are irradiated

from the side of the thin protective film (transparent film) ¢



to read out information from the minute uneven portion 2, it
is possible to reduce the generation of coma. Reduction of
the coma leads to a wider skew margin .and also to higher
recording density.

Even if in the optical recording medium such as the
above-mentioned optical disk or the like the rays of light are
irradiated from the side of the thin protective film 4 to read
or record information from or on the optical disk with the
noises resulting from the dust, scratch or the like being
removed, then practical improvement with respect to the noise
is not sufficient.

The inventor of this application found that one of
main causes for producing the noises lay in the reflective
film: Specifically, as shown in FIG. 3 which is a schematic
diagram of the reflective film 3, the reflective film 3 is
formed by vacuum evaporation, sputtering or the like on the
minute uneven portion 2 formed by injection molding or the
like as described above. The reflective film 3 has on a
substrate 1 side a surface which, when the minute unewven
portion 2 is seen from the substrate 1 side, is comparatively
satisfactory in view of optics because of a condition of the
molded surface of the substrate 1. On the other hand, the
reflective film 3 has on the opposite side a surface which
becomes an irregular surface because Al particles, for
example, are irreqgularly accumulated thereon upon the process
of vacuum evaporation, sputtering thereof or the like.
Accordingly, when the information is read out from the

information recording layer by irradiating rays of light on



the aboyve irregular surface, this irregular surface is not
sufficiently flat for a wavelength (ranging from 630 nm to 800
nm) of the light irradiated thereon, e.qg., a semiconductor
laser light L. 1In particular, an Al evaporated film formed by
vacuum evaporation has an Al particle size ranging from 50 nm
to 100 nm, which largely influences the shape of the minute
uneven portion 2 having a depth of about 100 nm. The Al
evaporated film is formed of accumulated Al particles which
are transferred thereto with a low energy in the order of 107}
eV, and hence has an unsatisfactory orientation of the Al
particles and provides the scattering of a large amount of
light on the film surface, which leads to generation of a
considerable noise.

SUMMARY OF THE INVENTION

It is an object of the present invention to
optically read recorded information from an optical recording
medium and record information thereon satisfactorily, i.e.,
with a low noise by irradiating rays of light on a surface,
where a protective film is deposited, of a reflective film,
i.e., from the side of a thin transparent film formed on the
reflective film,

An optical recording medium according to the present
invention.includes a substrate having a minute uneven portion
formed thereon, a reflective film formed by ion beam
sputtering on the minute uneven portion of the substrate, and
a transparent film deposited on the reflecﬁive film. An

information recording layer is formed of the minute uneven

portion and the reflective film.



According to the present invention, since the
optical recording medium has the reflective film formed by ion
beam sputtering, the reflective film has a surface with an
excellent property in view of optics, e.g., a satisfactorily
dense state of particles. Therefore, when information is read
out from or recorded on the above minute uneven portion by
irradiating rays of light on the optical recording'medium from
the side of the reflection film surface, i.e., from the
transparent film side, it is possible to effectively prevent
the noise from being generated.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic, cross-sectional view showing
a optical recording medium;

FIG. 2 is a schematic, cross-sectional view sho&ing
the optical recording medium, used to explain irradiation of
rays of light thereon from a protective film side;

FIG. 3 is a schematic, cross-sectional view showing
a reflective film of the optical recording medium;

FIG. 4 is a schematic, cross-sectional view showing
an embodiment of an optical recording medium according to the
present invention;

FIG. 5A, 5B and 5C are diagrams showing a process of
manufacturing the optical recording medium according to the
present invention;

FIG. 6 is a diagram showing an arrangement of a
reflective~-film forming apparatus which is applied to
fabrication of the optical recording medium according to the

present invention;



FIG. 7 is a schematic, cross-sectional view showing
a reflective film of the optical recording medium according to
the present invention;

FIG. 8 is a schematic, cross-sectional view showing
another embodiment of the optical recording medium according
to the present invention; )

FIG. 9 is a diagram showing a process of
manufacturing the optical reco;ding medium shown in FIG. 8
according to the present invention; and

FIG. 10 is a diagram showing a process of
manufacturing the optical recording medium shown in FIG. 8
according to the present invention.

DESCRIPTiON OF THE PREFERRED EMBODIMENTS

In this specification, definition of a woxd
"transparent" is to have a high light transmittance with
respect to A wavelength of light irradiated on an optical
recording medium for the recording or reproduction of
information.

An embodiment of the optical recording medium
according to the present invention will hereinafter be
described with reference to FIG. 4 which is a schematic,
cross-sectional view thereof. 1In this embodiment, the present
invention is applied mainly to a ROM type optical disk. It is
needless to say that the present invention is not limited to
its application to the above optical disk and its shape and
can be applied to a magnetooptical disk, a phase change disk,
and other various optical recording media having a card-like

shape, a sheet-like shape or the like and an information



recording layer with a minute uneven portionf

FIG. 4 shows the whole of an optical recording
medium 10 according to the present invention, e.g., an optical
disk. In this case, a minute uneven portion 2 such as data
information pits, a tracking groove or the like is formed on
one main surface of a disk-like substrate 1 which may not be
transparent. An Al reflective film 13 is formed particularly
by ion beam sputtering on the minute uneven portion 2. Thus,
an information recording layer 15 formed of the minute uneven
portion 2 and the reflective film 13 is arranged. A thin
. transparent film 14 as a protective film having a thickness of
0.1 mm is deposited on the information recording layer 15.

The recorded information is read out from the minute
uneven portion 2 of the information recording layer 15 by
irradiating rays of light, i.e., rays of semiconductor laser
light L on the transparent film 14 side of the optical
recording medium, i.e., the optical disk 10.

A method of manufacturing the optical disk 10 éill
be described, by way of example, with reference to FIGS. 5A to
5C which are diagrams showing its process. In this case, as
shown in FIG. 5A, initially, the substrate 1 having a
thickness of 1.2 mm with the minute uneven portion 2 is formed
on PC by injection molding, for example.

As shown in FIG. 5B, the reflective film 13 having a
thickness of 60 nm, for example, is formed on the surface of
the minute unéven portion 2 by ion beam sputtering employing
Al as a target material.

As shown in FIG. 5C, the transparent film 14 as the



protective film for protecting the reflective film 13 is
deposited on the reflective film 13. It is possible to form
the transparent protective film 14 by coating, for example,
light curing resin, e.g., ultraviolet curing resin
(hereinafter referred to as UV curing resin) by spin coating
or the like to cure the resin by exposure of the entire
surface thereof, or to form the transparent protective film 14
by forming an optically transparent film of an amorphous
carbon or the like by sputtering or chemical vapor deposition
(CVD). Alternatively, it is possible to form the transparent
protective film 14 by jointing a PC film, glass substrate or
the like having a thickness of 0.1 mm.

The reflective film 13 is formed particularly by ion
beam sputtering employing Al as the target material, for
example, as described above. FIG. 6 is a schematic diagram of
an example of an arrangement of an ion beam sputtering
apparatus therefor. As shown in FIG. 6, the ion beam
sputtering apparatus has a vacuum container 51 in which an Al
target 52 is disposed and a substrate 50 is disposed so as to
be opposed thereto. The ion beam sputtering apparatus 51 has
a plasma generatipg chamber 54 which is seéarated by a mesh
electrode 53 from the vacuum container 51 where the Al target
52 and the substrate 50 are disposed and in which Ar plasma is
generated. Ar ions generated in the plasma generating chamber
54 are accelerated and impinged on the Al target 52, thereby
the Al particles being ejected from the Al target 52 and then
accumulated on the substrate 50.

In this case, a degree of vacuum in the vacuum container 51 is



set to 5 x 107 [Pa) or less and Ar gas is introduced into the
plasma generating chamber 54 with its flowing amount of 8
cc/sec., and then ionized, thereby Ar ions being implanted.
The Ar ions are accelerated by an electric field and impinged
on the Al target 52 as an ion source with an enerxqgy
substantially ranging from 300 to 20000 eV. The Al target 52
may be a target made of pure Al or an Al target mixed with a
small amount of some elements such as Ti, Si or the like.

As shown in FIG. 7 which schematically shows an
accurmulated state of Al particles in the reflective film 13,
the reflective film 13 formed of the Al film by the above ion
beam sputtering is formed with a lattice plane (111) whose
orientation is in parallel to a surface, where Al is
deposited, of the minute uneven portion 2. Accordingly, the
reflective film 13 has a uniform film quality and a uniform
film thickness on each of an upper surface, a bottom surface
and side surfaces of the minute concave and convex porion 2,
The reflective film 13 has a surface on the side of the
protective film 14, the surface being flat and excellent in
view of optics at each portion of the minute uneven portion 2.

As shown in FIG. 4, the information is read out from
the information recording layer 15 by irradiating rays of
laser light L on the optical recording medium 10, e.g., the
optical disk 10 having such reflective film 13 formed on the
minute uneven portion 2 and the transparent protective film 14
deposited on the reflective film 13, from the side of the
transparent protective film 14 having a small thickness, i.e.,

from the side of the surface of the reflective film 13 on
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which the protective film 14 is deposited. Specifically, it
is from the surface of the reflective film 13 that rays of
light are irradiated on the information recording layer 15.

Since the optical disk 10, i.e., the optical
recording medium 10 having the arrangement according to the
present invention has a surface with the above-described
optically excellent property although rays of light are
irradiated on the information recording layer 15 from the
protective film 14 side, a noise resulting from the reflective
film 13 is effectively prevented.

Since a distance between the information recording
layer 15 and a surface of the optical recording medium 10 on
~which rays of light, e.g., laser light are incident is set
smaller, it is possible to improve the above-mentioned coma
resulting from the skew, which leads to a higher recording
density and a lower noise.

While in this embodiment the minute uneven portion 2
and the substrate 1 are formed by injection molding, the
minute uneven portion 2 can be formed on the substrate 1 by
photopolymerization.

The present invention can also be applied to a
multilayer optical recording medium having a plurality of
information recording layers laminated for a larger
information recording capacity. In this case, it is desirable
to employ a common optical head for the respective information
recording layers which allows the respective information
recording layers to be continuously recorded and/or

reproduced, by simplifying a drive apparatus for the
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multilayer optical recording medium.

The present invention can be applied to the
multilayer optical recording medium which allows rays of light
to be irradiated on the respective information recording
layers from the same side.

FIé. 8 is a schematic, cross-sectional view showing
a bilayer optical recording medium 10 to which the present
invention is applied. 1In this case, the bilayer optical
recording medium 10 has firét and second information recording
layers 151, .152 respectively having first and second minute
uneven portions 21, 22 such as data information pits, tracking
grooves or the like, the first and second information
recording layers 151, 152 being laminated.

A method of manufacturing the bilayer optical
recording medium 10 will be described by way of example. In
this case, as shown in FIG. 9, first and second substrate 1A,
1B respectively having the first and second minute uneven
portions 21, .22 formed on their one main surfaces are
manufactured by the injection.molding or photopolymerization
described above. In this case, at least the second substrate
1B is formed as a transparent substrate.

A reflective film 13 formed of an Al film, for
example, having a thickness of 60 nm, for example, is formed
by the above-mentioned ion beam sputtering on the main surface
of the substrate 1A having the first minute uneven portion 21.
Thus, the first information recording layer 151 is formed.

A semitransparent film 23 made of SiN having a

thickness of 60 nm or Si having a thickness ranging from 10 to
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15 nm is formed by ion beam sputtering or ordinary sputtering
on the main surface of the second substrate 1B having the
second minute uneven portion 22. Thus, the second information
recording layer 152 is formed.

These substrates 1A, 1B are opposed to each other so
that their sides on which their respective information
recording layer 151 and 152 are formed should be opposed to
each othexr. The substrates 1A, 1B are pressed with a
transparent light curing resin 331, i.g., UV curing resin 331
being disposed therebetween. As shown in FIG. 10, an
ultraviolet ray lamp 30 for curing the light curing resin 331
irradiates ultraviolet rays on the light curing resin 331
disposed therebetween to cure the same. Thus, there is
obtained the bilayer optical recording medium 10 shown in FIG.
8 in which the first and second information recording layers
151, 152 are laminated through a transparent film 14. This
transparent film 14 is a transparent intermediate film which
has in this embodiment a thickness of, for example, 40 um of
the range from 30 to 60 pm.

It is from the side of the second transparent
substrate 1B that rays of information reading light, e.qg.,
semiconductor laser L are irradiated on the information
recording layers 151, 152 of the bilayer optical recording
medium 10. When the information is read out from the second
information recording layer 152, as shown by solid lines of
FIG. 8, the rays of the laser light L are focused on the
second information recording layer 152. When the information

is read out from the first information recording layer 151, as
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shown by broken lines of FIG. 8, the rays of the laser light L
are focused on the first information recording layer 151 from
the side of the transparent film 14.

Although the rays of laser light L are irradiated on
the first information recording layer 151 from the surface
side of the reflection film 13 in this case, the reflective
film 13 has a surface with the optically excellent property as
described above, which can effectively prevent the noise
resulting from the reflective film 13.

While in the above embodiments the optical recording
medium is mainly the ROM type optical disk, the present
invention is not limited to such optical disk. The present
invention can be applied an optical recording medium having a’
reflective film formed therein, such as a magnetooptical
recording medium, a phase change optical recording medium or
the like. The present invention is not limited to the optical
recording medium having the two information recording layvers,
and can be applied to the multilhyer optical recording medium
having three information recoxrding layers or greater.

Having described preferred embodiments of the
present invention with reference to the accompanying drawings,
it is to be understood that the present invention is not
limited to the above-menti&ned embodiments and that various
changes and modifications can be effected therein by one
skilled in the art without departing from the spirit or scope

of the present invention as defined in the appended claims.
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What is claimed is:

1. An optical recording medium comprising:

a substrate having a minute uneven portion formed on
its one surface;

a reflective film formed by ion beam sputtering on
said minute uneven portion of said substrate; and

a transparent film as a light transmission layer

deposited and formed on said reflective layex.

2. An optical recording medium according to claim 1,
wherein said reflective film contains Al as its main

component.

3. An optical recording medium according to claim 2,
wherein said reflective film made of Al is formed so that
orientation of an Al film should be in parallel to a surface

,on which it is deposited, of said minute uneven portion.

4. An optical recording medium according to claim 2,

wherein said reflective film made of Al contains Ti and Si.

5. An optical recording medium comprising:

first and second substrates having minute uneven
portions formed thereon;

a reflective f£ilm formed by ion beam sputtering on a
minute uneven portion of one of said two substrates; and

a transparent film as a light transmission layer
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deposited and formed on said one substrate, wherein the other

substrate is laminated on said transparent film.

6. An optical recording medium according to claim 5,
wherein said reflective film contains Al as its main

component.

7. An optical recording medium according to claim 6,
wherein said reflective film made of Al is formed so that
orientation of an Al film should be in parallel to a surface,

.on which it is deposited, of said minute uneven portion.



