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(57) In a process of manufacturing a disc master, a
stamper, a disc substrate, and an optical disc, separation
performance between the stamper and the disc substrate
and maintenance of satisfactory signal characteristics af-
ter the optical disc is manufactured are taken into con-
sideration in the step of manufacturing the disc master.
In the disc master, a boundary portion between a re-

cessed portion and a non-recessed portion includes a
small protrusion which protrudes from a flat surface of
the non-recessed portion. The shape of the disc master
is inversely transferred to the stamper, and the shape of
the stamper is inversely transferred to the disc substrate.
The separation performance is improved and the signal
characteristics are maintained due to the shape of the
boundary portion.
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Description

Technical Field

[0001] The present invention relates to a disc master,
a disc master manufacturing method, a stamper, a disc
substrate, an optical disc, and an optical disc manufac-
turing method.

Background Art

[0002]

Patent Document 1: Japanese Unexamined Patent
Application Publication No. 2004-152465
Patent Document 2: Japanese Unexamined Patent
Application Publication No. 2-150325

[0003] Conventionally, in a general optical disc man-
ufacturing method, first, a disc master is manufactured.
Then, a stamper is manufactured using the disc master,
and disc substrates are mass-produced using the
stamper. A layered structure including a reflective film, a
cover layer, etc., is formed on the mass-produced disc
substrates. Thus, optical discs are completed.
Here, first, the disc master is formed such that the disc
master has a recess-projection pattern for forming a pit/
land structure which defines information signal lines, or
a recess-projection pattern for forming a groove/land
structure which defines recording tracks. Then, a
stamper is formed in which the recess-projection pattern
is transferred in an inverted manner. Then, disc sub-
strates having a recess-projection pattern obtained by
transferring the recess-projection pattern on the stamper
in an inverted manner are manufactured.
[0004] A part of a manufacturing process for manufac-
turing, for example, a reproduction-only optical disc hav-
ing embossed pit rows defined by a pit/land structure will
be described with reference to Figs. 8 and 9.
Fig. 8(a) illustrates the manner in which a photoresist
(organic resist) film formed on a master substrate made
of, for example, glass, is subjected to an exposure step.
In the process of forming a disc master, a resist film 102
is formed on the master substrate, and the resist film 102
is irradiated with a laser beam L. The laser beam L is
modulated on the basis of information signals to be re-
corded in the form of pit rows.
As shown in Fig. 8(a), portions of the resist film 102 which
are subjected to the laser irradiation are formed into ex-
posed portions 102a by optical reaction. In other words,
the exposed portions 102a and unexposed portions 102b
are formed as a result of the laser irradiation.
[0005] After the above-described exposure step, de-
velopment is performed in a development step. As a re-
sult, as shown in Fig. 8(b), the exposed portions 102a
are formed into recessed portions 110 and the unex-
posed portions 102b are formed into projecting portions
111. Thus, a disc master having a physical recess-pro-

jection pattern is completed.
In other words, the disc master is manufactured by sub-
jecting the organic resist to exposure with optical reaction
and then developing the organic resist.
Here, in the disc master obtained by the exposure with
optical reaction, boundaries between the recessed and
projecting portions are generally substantially vertical.
In Figs. 8(a) and 8(b), the boundaries between the re-
cessed and projecting portions are inclined. The bound-
aries having the shapes shown in the figures can be
formed by the following method. That is, when the devel-
opment of the disc master is performed, diffracted light
(0 order light and 1st order light) is observed on a devel-
opment monitor and the development is stopped in the
state in which an optimum signal can be obtained instead
of performing the development to the end. In this case,
a higher separation performance can be obtained com-
pared to the case in which the boundaries are closer to
vertical. The development using the development mon-
itor is commonly performed in the optical reaction meth-
od.
[0006] Next, a stamper 104 shown in Fig. 8(c) is man-
ufactured using the above-described disc master. The
stamper 104 has a recess-projection pattern obtained by
transferring the recess-projection pattern on the disc
master in an inverted manner. More specifically, portions
corresponding to the recessed portions 110 in the disc
master are formed as projecting portions 120 and por-
tions corresponding to the projecting portions 111 in the
disc master are formed as recessed portions 121.
[0007] Disc substrates are mass-produced by injection
molding using the above-described stamper 104.

Fig. 9(a) shows the state in which resin (for example,
polycarbonate) for forming a disc substrate 105 is
injected into a mold in which the stamper 104 is
placed.
Fig. 9(b) shows the state in which the resin injected
into the mold is cooled.
Fig. 9(c) shows the state in which the stamper 104
is removed after the resin is cooled. Thus, as shown
in the figure, the disc substrate 105 in which the re-
cess-projection pattern on the stamper 104 is trans-
ferred in an inverted manner is obtained. In the disc
substrate 105, portions corresponding to the re-
cessed portions 121 in the stamper are formed as
projecting portions (lands) 131 and portions corre-
sponding to the projecting portions 120 in the
stamper are formed as recessed portions (pits) 130.

Disclosure of Invention

[0008] In the disc substrate 105 produced by injection
molding using the stamper 104 as described above,
when the recess-projection pattern is formed, portions
with a small radius of curvature are formed in regions
(hereinafter referred to as "recess-projection bounda-
ries") where the shape changes from the recessed por-
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tions 130 to the projecting portions 131 or from the pro-
jecting portions 131 to the recessed portions 130. In these
regions, high residual stress remains.
Therefore, to ensure the shape-maintaining characteris-
tics (hereinafter referred to as "transferability") of the pits
in the disc substrate 105 after the disc substrate 105 is
separated from the stamper 104, sufficient cooling and
pressurization must be performed to release the residual
stress.
However, when sufficient cooling and pressurization are
performed to improve the transferability, there is a prob-
lem that adhesion between the substrate and the stamper
increases and the separation performance will be de-
graded.
[0009] Various methods for improving the separation
performance by, for example, selecting a material which
can be easily separated from the stamper 104 as a ma-
terial of the disc substrate 105, changing the molding
conditions of the disc substrate 105, changing the shape
of the mold for holding the stamper 104, subjecting the
stamper 104 to a surface treatment for improving the sep-
aration performance, mixing a releasing agent into the
material for forming the substrate, or changing the overall
shape of the stamper 104, have been proposed and test-
ed.
However, these methods are disadvantageous in that
signal characteristics or physical characteristics will be
degraded or in that the manufacturing steps are complex,
and the stable separation performance of the stamper
104 cannot be obtained.
[0010] As another method, the shapes of portions with
a small radius of curvature (for example, edges of pits)
at the recess-projection boundaries have been changed
into a softer shape to increase the radius of curvature.
For example, in Fig. 9(b), the radius of curvature is in-
creased by utilizing the fact that the edges at the recess-
projection boundaries are rounded due to curing contrac-
tion of the material for forming the disc substrate 105
when the material is pressurized and cooled. As shown
in Fig. 9(c), regions in which the projecting portions 131
continue to the recessed portions 130 are formed in a
curved shape.
In this case, the effect of reduction in the contact area
between the stamper 104 and the disc substrate 105 is
additionally obtained and stable separation performance
can be provided.
However, the difference at the recess-projection bound-
aries, that is, pit/land boundaries, in the disc substrate
105 becomes unclear. This leads to another problem that
signal characteristics will be degraded when signals are
read from the optical disc.
[0011] Fig. 10 is an enlarged view illustrating the re-
cess-projection pattern on the disc substrate 105 ob-
tained when the radius of curvature is increased.
In the disc substrate 105, the recessed portions 130 serve
as pits and the projecting portions (non-recessed por-
tions) 131 serve as lands. As shown in the figure, recess-
projection boundaries 132 between the recessed por-

tions 130 and the projecting portions 131 have a curved
shape with a relatively large radius of curvature.
Here, the ideal shape of the contour of the recess-pro-
jection boundaries 132 in consideration of the reproduc-
tion signal characteristics is the shape shown by the
dashed line (M). However, since the recess-projection
boundaries 132 are curved, there are areas A and B
where the actual contour differs from the ideal contour
M. In the area A, the actual contour differs from the ideal
contour of the land portion. In the area B, the actual con-
tour differs from the ideal inclined pit portion.
[0012] In this case, in a portion corresponding to the
area A, the position of the pit/land boundary in the area
A is unclear. Therefore, when the optical disc is complet-
ed and is subjected to a reproduction process, the pit/
land boundary cannot be clearly detected in the repro-
duction signal. As a result, degradation of the signal char-
acteristics, such as increase of jitter in the reproduction
signal, will occur.
[0013] In view of the above-described problems, an
object of the present invention is to ensure the separation
performance while maintaining the maintenance of the
signal characteristics (suitable transferability) of the op-
tical disc.
[0014] The present invention provides a disc master,
a stamper, and a disc substrate used in a manufacturing
process for manufacturing an optical disc, and the optical
disc as a completed product. The manufacturing process
includes the steps of manufacturing the stamper using
the disc master, the disc master having a recessed por-
tion formed therein, the stamper having a projecting por-
tion formed by transferring the recessed portion; manu-
facturing the disc substrate using the stamper, the disc
substrate having a recessed portion formed by transfer-
ring the projecting portion in the stamper; and forming a
predetermined layered structure on the disc substrate.
In addition, the present invention also provides a disc
master manufacturing method and an optical disc man-
ufacturing method which relate to the above-mentioned
manufacturing process.
[0015] In the disc master according to the present in-
vention, an exposed portion is formed by thermochemical
reaction caused by exposing an inorganic resist film pro-
vided on a master substrate to a laser beam, a develop-
ment process is performed so that the exposed portion
is formed into the recessed portion, and a boundary por-
tion between the recessed portion and a non-recessed
portion includes a small protrusion which protrudes from
a flat surface of the non-recessed portion.
In addition, a height of the small protrusion from the flat
surface of the non-recessed portion is in the range of 3%
to 10% of a height of the flat surface of the non-recessed
portion from the recessed portion, and a radius of curva-
ture of the small protrusion is in the range of 20% to 60%
of the height of the flat surface of the non-recessed por-
tion from the recessed portion.
[0016] The disc master manufacturing method accord-
ing to the present invention includes a film forming step
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of forming an inorganic resist film on a master substrate;
an exposure step of forming an exposed portion by ther-
mochemical reaction by exposing the inorganic resist film
on the master substrate to a laser beam; and a deposition
step of performing a deposition process for the master
substrate on which the exposed portion is formed for a
predetermined time, so that the exposed portion is
formed into the recessed portion and a small protrusion
which protrudes from a flat surface of a non-recessed
portion is formed in a boundary portion between the re-
cessed portion and the non-recessed portion.
In this case, an inorganic resist material for forming the
inorganic resist film, power of the laser beam, and the
time for which the development process is performed are
set such that a height of the small protrusion from the flat
surface of the non-recessed portion is in the range of 3%
to 10% of a height of the flat surface of the non-recessed
portion from the recessed portion and a radius of curva-
ture of the small protrusion is in the range of 20% to 60%
of the height of the flat surface of the non-recessed por-
tion from the recessed portion.
[0017] In the stamper according to the present inven-
tion, a boundary portion between the projecting portion
and a non-projecting portion includes a small depression
which is formed in a bottom surface of the non-projecting
portion.
[0018] In the disc substrate according to the present
invention, a boundary portion between the recessed por-
tion and a non-recessed portion includes a small protru-
sion which protrudes from a flat surface of the non-re-
cessed portion.
In this case, a height of the small protrusion from the flat
surface of the non-recessed portion is in the range of 3%
to 10% of a height of the flat surface of the non-recessed
portion from the recessed portion, and a radius of curva-
ture of the small protrusion is in the range of 20% to 60%
of the height of the flat surface of the non-recessed por-
tion from the recessed portion.
[0019]  In the optical disc according to the present in-
vention, a boundary portion between the recessed por-
tion and a non-recessed portion formed in the disc sub-
strate includes a small protrusion which protrudes from
a flat surface of the non-recessed portion.
In addition, a height of the small protrusion from the flat
surface of the non-recessed portion is in the range of 3%
to 10% of a height of the flat surface of the non-recessed
portion from the recessed portion, and a radius of curva-
ture of the small protrusion is in the range of 20% to 60%
of the height of the flat surface of the non-recessed por-
tion from the recessed portion.
[0020] The optical disc manufacturing method accord-
ing to the present invention includes a film forming step
of forming an inorganic resist film on a master substrate;
an exposure step of forming an exposed portion by ther-
mochemical reaction by exposing the inorganic resist film
on the master substrate to a laser beam; a deposition
step of forming a disc master by performing a deposition
process for the master substrate on which the exposed

portion is formed for a predetermined time so that the
exposed portion is formed into the recessed portion and
a small protrusion which protrudes from a flat surface of
a non-recessed portion is formed in a boundary portion
between the recessed portion and the non-recessed por-
tion; a stamper forming step of forming a stamper using
the disc master, the stamper having a projecting portion
formed by transferring the recessed portion in the disc
master; a substrate forming step of forming a disc sub-
strate using the stamper, the disc substrate having a re-
cessed portion formed by transferring the projecting por-
tion in the stamper; and a layered-structure forming step
of forming an optical disc by forming a predetermined
layered structure on the disc.
[0021] In addition, in the disc substrate according to
the present invention, the disc substrate has a recessed
portion formed by transferring the projecting portion in
the stamper, and the stamper used for manufacturing the
disc substrate is a stamper in which a boundary portion
between the projecting portion and a non-projecting por-
tion includes a small depression which is formed in a
bottom surface of the non-projecting portion.
In addition, in the optical disc according to the present
invention, the stamper used for manufacturing the disc
substrate is a stamper in which a boundary portion be-
tween the projecting portion and a non-projecting portion
includes a small depression which is formed in a bottom
surface of the non-projecting portion, and the predeter-
mined layered structure is formed on the disc substrate.
[0022] According to the above-described present in-
vention, in a process of manufacturing a disc master, a
stamper, a disc substrate, and an optical disc, separation
performance between the stamper and the disc substrate
and maintenance of satisfactory signal characteristics af-
ter the optical disc is manufactured are taken into con-
sideration in the step of manufacturing the disc master.
More specifically, in the disc master, a boundary portion
between a recessed portion and a non-recessed portion
includes a small protrusion which protrudes from a flat
surface of the non-recessed portion. The shape of the
disc master is inversely transferred to the stamper, and
the shape of the stamper is inversely transferred to the
disc substrate. The separation performance is improved
and the signal characteristics are maintained due to the
shape of the boundary portion.
[0023] According to the present invention, in the proc-
ess of manufacturing the optical disc, the separation per-
formance between the stamper and the disc substrate
can be improved. In addition, satisfactory signal charac-
teristics can be maintained in the manufactured optical
disc.

Brief Description of Drawings

[0024]

[Fig. 1] Fig. 1 is a diagram illustrating manufacturing
steps according to an embodiment of the present
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invention.
[Fig. 2] Fig. 2 is a diagram illustrating manufacturing
steps according to the embodiment.
[Fig. 3] Fig. 3 is a diagram illustrating PTM.
[Fig. 4] Fig. 4 is a diagram illustrating small protru-
sions on a disc master and small depressions in a
stamper according to the embodiment.
[Fig. 5] Fig. 5 is a diagram illustrating the small pro-
trusions on the disc substrate according to the em-
bodiment.
[Fig. 6] Fig. 6 is a diagram illustrating a pit/land pat-
tern including the small protrusions on the disc sub-
strate according to the embodiment.
[Fig. 7] Fig. 7 shows an AFM photograph of the pit/
land pattern according to the embodiment and a di-
agram illustrating the cross-sectional shape of the
pit/land pattern.
[Fig. 8] Fig. 8 is a diagram illustrating manufacturing
steps in the case of optical reaction.
[Fig. 9] Fig. 9 is a diagram illustrating manufacturing
steps in the case of optical reaction.
[Fig. 10] Fig. 10 is a diagram illustrating the pit/land
pattern in the case of optical reaction.

Best Mode for Carrying Out the Invention

[0025] Hereinafter, an embodiment of the present in-
vention will be described.
First, the overall manufacturing process of an optical disc
will be described with reference to Figs. 1 and 2.
Fig. 1(a) shows the state in which a resist film 2 is formed
on a master substrate 1 for forming a disc master.
The master substrate 1 is, for example, a glass substrate
or a silicon wafer substrate.
In the film forming step, the resist layer 2 made of an
inorganic resist material is uniformly formed on the mas-
ter substrate 1 by sputtering.
More specifically, a film of inorganic resist is formed using
a film-forming device (sputtering device) on the master
substrate 1 made of glass or silicon wafer. Thus, a film
with a sufficient thickness for forming pits or grooves with
a desired height is obtained.
In the sputtering device, an alloy oxide of a transition
metal, for example, is used as a target material. With
regard to a film-forming method, DC or RF sputtering is
used.
In this example, in a mastering process for forming the
disc master, PTM mastering using an inorganic resist
material is performed. In this case, an incomplete oxide
of a transition metal is used as a material for forming the
resist layer 2. Examples of transition metals, which will
be described below, include Ti, V, Cr, Mn, Fe, Nb, Cu,
Ni, Co, Mo, Ta, W, Zr, Ru, and Ag.
[0026] Next, in an exposure step, as shown in Fig. 1
(b), an exposure laser beam L is emitted using a mas-
tering device and the resist layer 2 is selectively irradiated
with the exposure laser beam L in accordance with pit
rows or grooves corresponding to a signal pattern.

In this case, recording information is prepared in advance
and is stored in a signal transmitter (formatter). Then, the
laser beam L is modulated by a signal output from the
signal transmitter, so that the exposure process can be
performed in accordance with, for example, the pit rows.
In the case where, for example, a Blu-ray Disc (Blu-ray
Disc: registered trademark) is manufactured, a blue laser
diode with a wavelength of 405 nm is used as a source
of the exposure laser beam L.
In the exposure step, portions irradiated with the expo-
sure laser beam L are formed into exposed portions 2a
by thermochemical reaction. Thus, the exposed portions
2a and unexposed portions 2b are formed.
[0027] Next, in a development step, the resist layer 2
is developed (etched) so that a disc master 3 having a
predetermined recess-projection pattern (pit rows or
grooves) is produced.
In this case, after the above-described exposure step,
the development step is performed by a development
device using alkaline fluid to obtain the disc master.
A developing method may be, for example, a dipping
method including an immersing step or a method in which
a chemical is applied to a base while the base is rotated
by a spinner. With regard to the developer, for example,
an organic alkaline developer containing TMAH (tetram-
ethylammonium hydroxide) as a main component or an
inorganic alkaline developer, such as KOH, NaOH, a
phosphoric-acid-based developer, etc., may be used.
In the disc master 3, as shown in Fig. 1(c), the exposed
portions 2a are formed into recessed portions 10 and the
unexposed portions 102b are formed into projecting por-
tions (non-recessed portions) 11. Thus, the disc master
3 having a physical recess-projection pattern is complet-
ed. In other words, the disc master 3 is manufactured by
subjecting the inorganic resist to exposure with thermo-
chemical reaction and then developing the inorganic re-
sist.
[0028] Next, in an electroforming step, a stamper 4 is
manufactured using the above-described disc master 3.
After the above-described development step, the disc
master 3 is washed with water. Then, a metal nickel film
4a is deposited on a surface of the disc master 3 having
the recess-projection pattern in an electroforming bath,
as shown in Fig. 1(d).
After the electroforming step, the master obtained by the
development step and the metal master are separated
from each other (Fig. 1(e)).
Then, after the disc master 3 is removed, a predeter-
mined process is performed so that the stamper 4 in
which the recess-projection pattern on the disc master 3
is transferred and which is used for forming substrates
is obtained.
The stamper 4 has a recess-projection pattern obtained
by transferring the recess-projection pattern on the disc
master 3 in an inverted manner. More specifically, por-
tions corresponding to the recessed portions 10 in the
disc master 3 are formed as projecting portions 20 and
portions corresponding to the projecting portions 11 in
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the disc master 3 are formed as recessed portions (non-
projecting portions) 21.
[0029] Here, before the electroforming step, the sur-
face of the master obtained by the development step may
be subjected to a separation treatment to improve the
separation performance. This process is performed as
necessary.
Then, after the nickel stamper 4 is manufactured, the disc
master 3 made of inorganic resist is stored after being
washed with water and dried. A desired number of nickel
stampers are repeatedly manufactured as necessary.
In addition, as necessary, the stamper 4 separated from
the master obtained by the development step may be
used as a master for forming a mother master having the
same recess-projection pattern as that on the master ob-
tained by the development step by newly performing the
electroforming step and the separation step. Then, the
thus-obtained mother master may be used as a new disc
master 3 for manufacturing another stamper having the
same recess-projection pattern as that on the stamper 4
by newly performing the electroforming step and the sep-
aration step.
[0030] The stamper 4 (Fig. 2(a)) manufactured by the
steps shown in Figs. 1(a) to 1(e) is used to form a resin
disc substrate 5 made of, for example, polycarbonate,
which is a thermoplastic resin, by injection molding or the
like.
More specifically, resin is injected into a mold (not shown)
while the stamper 4 is placed in the mold, and is then
cured. Then, the resin is separated from the stamper 4.
Thus, the disc substrate 5 is formed (Figs. 2(b) and 2(c)).
As shown in Fig. 2(c), the thus-formed disc substrate 5
has a recess-projection pattern in which portions corre-
sponding to the projecting portions 20 in the stamper 4
are formed as recessed portions 30 and portions corre-
sponding to the recessed portions (non-projecting por-
tions) 21 in the stamper 4 are formed as projecting por-
tions 31. The recessed portions 30 serve as pits and pro-
jecting portions (non-recessed portions) 31 serve as
lands.
[0031] Then, as shown in Fig. 2(d), the disc substrate
5 is subjected to a process for forming a reflective film 6
made of, for example, an Ag alloy on the surface of the
disc substrate 5 having the recess-projection pattern by
sputtering. Then, as shown in Fig. 2(e), a cover layer 7
is formed. The cover layer (light transmitting layer) 7 is
formed by spreading, for example, ultraviolet curable res-
in by spin coating and then curing the resin by irradiating
the resin with ultraviolet rays.
In the state shown in Fig. 2(e), the optical disc is com-
pleted.
Additionally, however, the surface of the cover layer 7
may be subjected to hard coating and a moisture barrier
film may be formed on the surface at the opposite side.
[0032] In the above-described manufacturing process,
the resist material of the resist layer 2 used for manufac-
turing the disc master 3 is an incomplete oxide of a tran-
sition metal, as described above.

Here, an incomplete oxide of a transition metal is defined
as a compound in which the oxygen content is smaller
than that in the stoichiometric composition which corre-
sponds to the valency of the transition metal, that is, a
compound in which the content of oxygen in the incom-
plete oxide of the transition metal is smaller than the ox-
ygen content in the stoichiometric composition which cor-
responds to the valency of the transition metal.
For example, a chemical formula MoO3 will be described
as an example of an oxide of a transition metal. When
the composition in the oxidation state of the chemical
formula MoO3 is expressed as Mo1-xOx, a complete oxide
is obtained when x=0.75. In contrast, when x is in the
range of 0<x<0.75, the oxide is an incomplete oxide in
which the oxygen content is smaller than that in the sto-
ichiometric composition.
Here, with some transition metals, oxides with different
valencies may be formed from a single element. In this
case, an incomplete oxide of a transition metal is defined
as a compound in which the actual oxygen content is
smaller than that in the stoichiometric composition which
corresponds to the possible valencies of the transition
metal. For example, although the oxide of Mo is most
stable when the valency is 3 (MoO3) as described above,
there is also a monovalent oxide (MoO). In this case,
when the composition is expressed as Mo1-xOx, the oxide
is an incomplete oxide in which the oxygen content is
smaller than that in the stoichiometric composition when
x is in the range of 0<x<0.5. The valencies of transition
metal oxides can be determined with a commercially
available analyzer.
The above-described incomplete oxides of transition
metals absorb ultraviolet rays or visible light, or change
chemical characteristics thereof when irradiated with ul-
traviolet rays or visible light. As a result, although the
resist is an inorganic resist, etching can be performed at
different rates between the exposed and unexposed por-
tions in the etching step. In other words, selectivity can
be provided. In addition, in the resist material made of
an incomplete oxide of a transition metal, the size of fine
particles in the film material is small. Therefore, clear
boundary patterns can be formed between the unex-
posed portions and the exposed potions, and the reso-
lution can be improved.
[0033] The characteristics of the incomplete oxides of
the transition metals as a resist material vary in accord-
ance with the degree of oxidation. Therefore, a suitable
degree of oxidation is selected. For example, an incom-
plete oxide of a transition metal in which the oxygen con-
tent is considerably smaller than that in the stoichiometric
composition of a complete oxide is disadvantages in that,
for example, large irradiation power is required in the
exposure step or in that the development process takes
a long time. Therefore, preferably, an incomplete oxide
of a transition metal in which the oxygen content is only
slightly smaller than that in the stoichiometric composi-
tion of a complete oxide is used.
As described above, examples of transition metals which
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form the resist material include Ti, V, Cr, Mn, Fe, Nb, Cu,
Ni, Co, Mo, Ta, W, Zr, Ru, and Ag. Among the above-
mentioned transition metals, Mo, W, Cr, Fe, and Nb are
preferably used. In particular, Mo and W are preferable
since a large chemical change occurs when they are ir-
radiated with ultraviolet rays or visible light.
[0034] In the above-described disc master manufac-
turing process, a PTM (Phase Transition Mastering)
method is used in this example. The PTM method will be
briefly explained.
[0035] When, for example, a disc of a CD (Compact
Disc) type or a DVD (Digital Versatile Disc) type is man-
ufactured, first, a disc master to which photoresist is ap-
plied is prepared. Then, a laser beam is emitted from a
light source, such as a gas laser, toward the disc master
through a mastering device. Thus, an exposure pattern
corresponding to pits is formed. In this case, the laser
beam emitted from a laser source, which is a continuous-
wave laser, is subjected to light-intensity modulation per-
formed by an AOM (Acousto-Optical Modulator). The
thus-obtained intensity-modulated laser beam is guided
to the disc master by an optical system, and thus the disc
master is exposed to the laser beam. More specifically,
for example, an NRZ (Non Return to Zero) modulation
signal, which is a pit modulation signal, is supplied to the
AOM, and the laser beam is intensity-modulated by the
AOM in accordance with the pit pattern. As a result, only
the pit portions on the master are exposed to the laser
beam.
For example, the shape of a single pit is shown in Fig. 3
(b), and the laser emission intensity obtained as a result
of the modulation performed by the AOM is shown in Fig.
3(c). The exposure process for exposing the photoresist
on the master to the laser beam is an optical recording
process. Therefore, the portion exposed to the laser
beam shown in Fig. 3(c) directly serves as a pit.
[0036] In contrast, in the PTM method, the disc master
on which the inorganic resist is applied is irradiated with
a laser beam emitted from a semiconductor laser, and
the exposure process is performed as a thermal record-
ing process.
In this case, to suppress the accumulation of heat gen-
erated by the laser irradiation and obtain a uniform pit
width, pulsed light shown in Fig. 3(a) is normally used in
the exposure process. More specifically, in this case, an
NRZ modulation signal which is synchronized with a
clock is generally converted into a pulse signal having a
time width that is smaller than the clock period in accord-
ance with the length of a High level in the NRZ modulation
signal. Then, electric power is supplied to a directly mod-
ulatable semiconductor laser in synchronization with a
pulse modulation signal obtained as a result of the con-
version. Thus, as shown in Fig. 3(a), laser emission cor-
responding to pre-heating pulsed light Pp and heating
pulsed light P1 to Pn, which corresponds to the pit length,
is performed.
[0037] Hereinafter, as a characteristic feature of the
present embodiment, the recess-projection patterns on

the disc master 3, the stamper 4, and the disc substrate
5 formed in the manufacturing steps shown in Figs. 1 and
2 will be described. With regard to the above-mentioned
components, mastering is suitably performed by the PTM
method using thermochemical reaction of the inorganic
resist.
[0038]  Fig. 4(a) shows the state of the resist layer 2
in the exposure step described above with reference to
Fig. 1(a).
When the inorganic resist is exposed to the laser beam
L, the inorganic resist swells and expands due to ther-
mochemical reaction. As shown in the figure, the ex-
posed portions 2a swell upward and both ends of the
unexposed portions 2b are pulled upward.
Then, when the development step described above with
reference to Fig. 1(c) is performed, the exposed portions
2a are formed into the recessed portions 10 and the un-
exposed portions 2b are formed into the non-recessed
portions (projecting portions) 11, as shown in Fig. 4(b).
At this time, both ends of the non-recessed portions 11
(boundaries from the recessed portions 10) remain in the
shape in which the ends of the non-recessed portions 11
are pulled upward.
More specifically, the boundaries between the recessed
portions 10 and the non-recessed portions 11 include
small protrusions 12 which protrude from the flat surfaces
of the non-recessed portions 11.
[0039] The stamper 4 is formed using the above-de-
scribed disc master 3. In the stamper 4, the recess-pro-
jection pattern on the disc master 3 is transferred in an
inverted manner, and the projecting portions 20 and the
non-projecting portions (recessed portions) 21 are
formed as shown in Fig. 4(c).
In this case, the non-projecting portions 21 have a shape
obtained by inverting the shape of the non-recessed por-
tions 11 in the disc master 3, and both ends of the non-
projecting portions 21 are formed as depressions corre-
sponding to the small protrusions 12 in the disc master 3.
Thus, in the stamper 4, the boundaries between the pro-
jecting portions 20 and the non-projecting portions 21
include small depressions 23 which are formed in the
bottom surfaces of the non-projecting portions 21.
[0040] As described above with reference to Figs. 2
(a), 2(b), and 2(c), the disc substrate 5 is formed by in-
jection molding using the stamper 4. Fig. 5(a) shows the
state in which the resin used for forming the disc substrate
5 is injected into a mold in which the stamper 4 is placed.
In this state, the resin flows into the small depressions
23. In this state, the resin is cured by being pressurized
and cooled. As a result, some degree of curing contrac-
tion occurs, as shown in Fig. 5(b). Then, as shown in Fig.
5(c), the stamper 4 is removed and the disc substrate 5
is released. In the disc substrate 5, the recess-projection
pattern on the stamper is transferred in an inverted man-
ner. In other words, in the disc substrate 5, portions cor-
responding to the projecting portions 20 in the stamper
4 are formed as the recessed portions 30 and portions
corresponding to the non-projecting portions 21 in the
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stamper 4 are formed as non-recessed portions (project-
ing portions 31).
Here, the non-projecting portions 21 in the stamper 4 are
provided with the small depressions 23. Therefore, al-
though the curing contraction occurs, the shape of the
edges of the non-recessed portions 31 in the disc sub-
strate 5 is influenced by the small depressions 23. More
specifically, the boundaries between the recessed por-
tions 30 and the non-recessed portions 31 include small
protrusions 32 which protrude from the flat surfaces of
the non-recessed portions 31.
[0041] Fig. 6 shows the shape of the recessed portions
30 and the non-recessed portions 31 in the disc substrate
5.
In the disc substrate 5, the recessed portions 30 serve
as pits and the non-recessed portions 31 serve as lands.
As shown in the figure, recess-projection boundaries 33
between the recessed portions 30 and the non-recessed
portions (projecting portions) 33 have a curved shape
with a relatively large radius of curvature r and include
the small protrusions 32 (portions higher than the flat
surfaces of the lands).
Here, the ideal shape of the contour in consideration of
the pit/land boundaries is the shape shown by the dashed
line (M). However, due to the curved shape including the
small protrusions 32, there are areas A and B where the
actual contour differs from the ideal contour M. In the
area A, the actual contour differs from the ideal contour
of the land portion. In the area B, the actual contour differs
from the ideal inclined pit portion.
[0042] The disc substrate 5 of this example can be
separated from the stamper 4 with high separation per-
formance, and the quality of the reproduction signal can
be ensured.
Degradation of reproduction signal characteristics (jitter)
can be prevented for the reason described below.
That is, in the shape according to the related art shown
in Fig. 10, the pit/land boundary in the area A is unclear,
and the jitter increases accordingly, as described above.
In the case of the present example shown in Fig. 6, al-
though the actual contour differs from the ideal contour
in the area A, the area A is almost entirely covered by
the small protrusion 32, which is higher than the flat sur-
faces of the lands. In the reproduction signal, portions
higher than the flat surfaces of the lands are detected as
signal components corresponding to the lands.
An area in which the pit/land boundary becomes unclear
in the reproduction signal in practice is an area Z, which
is on the pit-30 side with respect to the end of the small
protrusion 32. In the area Z, the curved portion is lower
than the flat surfaces of the lands.
Thus, the area Z in which the pit/land boundary is unclear
in the reproduction signal is significantly narrower than
that in the case shown in Fig. 10 (area A). This area Z is
small enough to maintain the satisfactory signal charac-
teristics in practice.
[0043] Fig. 7(a) shows an AFM (atomic force micro-
scope) photograph of the disc substrate 5 of the present

example which was actually manufactured. In addition,
Fig. 7(b) shows the shape of the disc substrate 5 along
the C-D cross section in Fig. 7(a).
As is clear from Fig. 7(b), curved portions having a rela-
tively large radius of curvature including the small pro-
trusions 32 are formed at the pit/land boundaries.
[0044] Here, it is difficult to form the above-described
disc substrate 5 unless the reaction in the exposure step
is the thermochemical reaction.
This is because the swelling and expansion of the inor-
ganic resist caused by thermochemical reaction are uti-
lized to form the small protrusions 12 at the recess-pro-
jection boundaries in the inorganic resist film 2 which
remains on the master substrate 1 made of glass or sil-
icon wafer after the exposure, and the above-described
shape shown in Figs. 6 and 7 is formed by using the
protrusions 12.
[0045] The above-mentioned swelling and expansion
cannot be obtained by optical reaction, and no protru-
sions remain at the edges of the recess-projection pattern
on the resist film after the exposure. If, for example, the
shape same as the above-described shape is to be
formed by using optical reaction, resist films having dif-
ferent sensitivities to light are stacked and the exposure
and development steps are performed for each of the
films. This cannot be easily achieved.
In contrast, when the disc master 3 is formed using the
thermochemical reaction, the protrusions at the recess-
projection boundaries can be used.
[0046] In the conventional disc master manufacturing
process using the thermochemical reaction, the protru-
sions at the recess-projection boundaries have not at-
tracted much attention since the height of the protrusions
is very small compared to that of the recess-projection
pattern on the stamper surface based on which the signal
is generated.
Therefore, the exposure conditions and the development
conditions in the disc master manufacturing process are
determined on the basis of the overall shape of the re-
cess-projection pattern based on which the signal is gen-
erated.
As a result, the height of the protrusions at the recess-
projection boundaries differs for each disc master, and
many stampers that cause transfer failures are produced.
Accordingly, the molding conditions are adjusted for each
of such stampers to manufacture optical discs that meet
the standard, or new stampers are formed under different
exposure conditions and development conditions. There-
fore, stable supply of the stampers cannot be achieved
and it is difficult to increase the yield of the disc manu-
facturing process.
[0047] As a result of consideration of the cause of the
above-described situation, it has been found that it is
necessary to adjust the height of the protrusions at the
recess-projection boundaries. If the height of the small
protrusions 12 is too large, when the stamper 4 is man-
ufactured, the depth of the small depressions 23 in the
non-projecting portions 21 of the stamper 4 will be too
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large.
For example, if the height of the small protrusions 12 at
the boundaries where the non-recessed portions 11 con-
tinue to the recessed portions 10 in the disc master 3 is
10 nm or more with respect to the flat portions (lands) in
the top surfaces of the non-recessed portions 11, the
height is too large.
If the small protrusions 12 are too high and accordingly
the small depressions 23 in the stamper 4 are too deep,
a large amount or resin (for example, polycarbonate)
flows into the small depressions 23 in the stamper 4 in
the process of forming the disc substrate 5. Therefore,
the contact area between the stamper 4 and the disc
substrate 5 after the contraction due to cooling increases.
In addition, the small protrusions 32 formed on the disc
substrate 5 serve as obstacles (hitches) when the disc
substrate 5 is separated from the stamper 4. Thus, sep-
aration failure easily occurs.
Conversely, if the height of the protrusions is considera-
bly small (for example, 1 nm or less), the master becomes
similar to that formed by the optical reaction. Therefore,
problems similar to those caused by the conventional
master will occur.
[0048] Here, it has been found that the height of the
small protrusions 12 can be adjusted in accordance with
the film forming conditions, the exposure conditions, and
the development conditions of the inorganic resist layer
2. In the present example, the development time is ad-
justed such that the height of the protrusions at the
boundaries where the non-recessed portions 11 continue
to the recessed portions 10 is in the range of 3% to 10%
of the height of the non-recessed portions 11 (2 to 7 nm
in terms of the measured value) with respect to the flat
portions (portions corresponding to lands) in the top sur-
faces the non-recessed portions 11.
[0049] In addition, in view of the effect of releasing the
residual stress, the radius of curvature of the small pro-
trusions 12 at the recess-projection boundaries is pref-
erably large.
If the radius of curvature is small (for example, 10 nm or
less), similar to the conventional structure, sufficient cool-
ing and pressurization must be performed to release the
residual stress in the small protrusions 12 at the recess-
projection boundaries.
However, if the radius of curvature is too large, the
stamper 4 and the disc substrate 5 are affected accord-
ingly and the difference at the recess-projection bound-
aries in the disc substrate 5 becomes unclear. Therefore,
as described above with reference to Fig. 10, the signal
characteristics are degraded. In addition, the overall size
of the small protrusions 12 on the disc master 3 will be
increased, and the stamper 4 and the disc substrate 5
will be affected accordingly. As a result, the contact area
between the stamper 4 and the disc substrate 5 increases
and the separation failure occurs.
Accordingly, the development time is adjusted such that
the radius of curvature of the small protrusions 12 is in
the range of 20% to 60% of the height of the non-recessed

portions 11 (20 to 40 nm in terms of the measured value).
The stamper 4 according to the present embodiment can
be obtained by forming the stamper 4 using the above-
described disc master 3 after the development.
[0050] When the disc substrate 5 is formed by injection
molding using the stamper 4, the contraction of the resin
in the mold due to cooling can be compensated for in
accordance with the depth of the small depressions 23
in the stamper 4.
The disc substrate 5 according to the present embodi-
ment can be obtained by forming the disc substrate 5
using the stamper 4. Then, the optical disc according to
the present embodiment can be obtained.
In this case, the signal characteristics can be maintained
and the separation performance can be improved, as de-
scribed above.
[0051] The mechanism based on which the above ef-
fects can be obtained are as follows:

(1) In the injection molding process, a resin substrate
is formed by injecting resin into a cavity in a closed
mold to which the stamper 4 is attached and pres-
surizing the resin.
(2) The resin substrate is cooled while the pressu-
rized state is maintained after the injection is com-
pleted.
(3) The resin substrate is continuously cooled after
the pressurized state is canceled.
(4) When the resin substrate is depressurized and
cooled, the resin substrate receives a force in a con-
tracting direction and the shape obtained by trans-
ferring the recess-projection pattern changes from
the initial shape.
(5) According to the shape of the present embodi-
ment, even when the contraction occurs, the edges
between the recesses and projections are prevented
from becoming softer. Although the shape changes
from the initial recess-projection pattern, clear
boundaries can be obtained between the pits and
the lands. Therefore, characteristics of the repro-
duced signals are improved and the signal transfer-
ability is improved accordingly. As described above,
the signals become closer to the ideal signals as the
length of the area Z shown in Fig. 6 is reduced.
(6) It is not necessary to perform the pressurizing
and cooling process for a long time to ensure the
transferability, and the separation performance is im-
proved. This is because the recess-projection
boundaries have a curved shape with a radius of
curvature that is suitably large in view of releasing
of the residual stress (but not so large as to degrade
the signal characteristics).

[0052] Here, with regard to the signal characteristics,
even if the shapes of the small protrusions 32 on the disc
substrate 5 are deformed in the process of forming the
substrate, when the signal measurement is finally per-
formed, the size of the area in which the actual shape
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differs from the ideal shape (M) is smaller than that in the
case shown in Fig. 10 in which optical reaction is used.
[0053] Hereinafter, an example of actual manufactur-
ing conditions will be described.

<Developer>

[0054] An organic alkaline developer containing TMAH
(tetramethylammonium hydroxide) as a main compo-
nent, which is generally used with semiconductors.

<Resist Material>

[0055] An inorganic resist containing an incomplete
oxide of a transition metal as a main component.
(the transition metal is Ti, V, Cr, Mn, Fe, Nb, Cu, Ni, Co,
Mo, Ta, W, Zr, Ru, Ag, etc.)

<Exposure Conditions>

[0056] A blue-violet laser beam with a wavelength of
405 nm emitted at an output level of 10 to 15 mW and a
linear velocity of about 4.9 m/s (it is assumed that a Blu-
ray disc is manufactured and the capacity of the Blu-ray
disc is 25 GB (Giga Byte) for each layer).

<Development Conditions>

[0057] Development is performed about 10 minutes
using the above-mentioned developer.
[0058] The disc master 3 was manufactured under the
above-described conditions. The height and the radius
of curvature of the small protrusions 32 were as described
below.
That is, the observed value of the height of the protrusions
was 3 to 5 nm.
The rate of the height of the protrusions with respect to
the vertical distance (recess-projection vertical interval)
between the recessed portions 10 (pit portions) and the
non-recessed portions 11 (land portions), which is 70 nm
in the case of the Blu-ray disc, is 3/70 to 5/70. Thus, the
height of the protrusions is 4% to 7% of the pit/land ver-
tical interval.
In the case of the DVD (Digital Versatile Disc), the recess-
projection vertical interval is 120 to 130 nm. Therefore,
the rate of the height of the protrusions is 3/130 to 5/120
(2% to 4% with respect to the vertical interval).
[0059] The observed value of the radius of curvature
was 20 to 40 nm.
In the case of the Blu-ray disc, the rate of the radius of
curvature with respect to the recess-projection vertical
interval, which is 70 nm, is 20/70 to 40/70 (29% to 57%
with respect to the vertical interval), that is, 30% to 60%.
In the case of the DVD, the rate of the radius of curvature
with respect to the recess-projection vertical interval,
which is 120 to 130 nm, is 20/130 to 40/120 (15% to 33%
with respect to the vertical interval), that is, 15% to 35%.
[0060] The height and the radius of curvature of the

small protrusions 12 affect the depth and the radius of
curvature of the small depressions 23 in the stamper 4.
Then, the depth and the radius of curvature of the small
protrusions 32 on the disc substrate 5 are substantially
similarly affected. In the case of the Blu-ray disc, the
height of the small protrusions 32 shown in Fig. 6 is 4%
to 7% of the pit/land height, and the radius of curvature
thereof is 30% to 60% of the pit/land height.
Thus, in these cases, the contraction of the substrate due
to cooling of the resin in the molding process can be
compensated for, and the cooling time can be reduced.
Thus, both the transferability and the separation perform-
ance can be ensured.
[0061] Here, in the above embodiment, a case in which
a reproduction-only disc is manufactured and the recess-
projection pattern corresponds to pits and lands has been
described. However, the present invention can also be
applied to the case in which a recordable disc is manu-
factured, that is, to the case in which the recess-projec-
tion pattern corresponds to grooves and lands, or to the
case in which a recess-projection transferring process
for multi-layered holograms is performed. In addition, the
present invention can also be applied in the process of
forming fine shapes on a surface.

Claims

1. A disc master for use in a manufacturing process for
manufacturing an optical disc, the manufacturing
process including the steps of manufacturing a
stamper using the disc master, the disc master hav-
ing a recessed portion formed therein, the stamper
having a projecting portion formed by transferring
the recessed portion; manufacturing a disc substrate
using the stamper, the disc substrate having a re-
cessed portion formed by transferring the projecting
portion in the stamper; and forming a predetermined
layered structure on the disc substrate,
wherein the disc master is characterized in that an
exposed portion is formed by thermochemical reac-
tion caused by exposing an inorganic resist film pro-
vided on a master substrate to a laser beam, a de-
velopment process is performed so that the exposed
portion is formed into the recessed portion, and a
boundary portion between the recessed portion and
a non-recessed portion includes a small protrusion
which protrudes from a flat surface of the non-re-
cessed portion.

2. The disc master according to claim 1, characterized
in that a height of the small protrusion from the flat
surface of the non-recessed portion is in the range
of 3% to 10% of a height of the flat surface of the
non-recessed portion from the recessed portion, and
a radius of curvature of the small protrusion is in the
range of 20% to 60% of the height of the flat surface
of the non-recessed portion from the recessed por-
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tion.

3. A disc master manufacturing method for manufac-
turing a disc master for use in a manufacturing proc-
ess for manufacturing an optical disc, the manufac-
turing process including the steps of manufacturing
a stamper using the disc master, the disc master
having a recessed portion formed therein, the
stamper having a projecting portion formed by trans-
ferring the recessed portion; manufacturing a disc
substrate using the stamper, the disc substrate hav-
ing a recessed portion formed by transferring the pro-
jecting portion in the stamper; and forming a prede-
termined layered structure on the disc substrate,
wherein the disc master manufacturing method is
characterized by comprising:

a film forming step of forming an inorganic resist
film on a master substrate;
an exposure step of forming an exposed portion
by thermochemical reaction by exposing the in-
organic resist film on the master substrate to a
laser beam; and
a deposition step of performing a deposition
process for the master substrate on which the
exposed portion is formed for a predetermined
time, so that the exposed portion is formed into
the recessed portion and a small protrusion
which protrudes from a flat surface of a non-
recessed portion is formed in a boundary portion
between the recessed portion and the non-re-
cessed portion.

4. The disc master manufacturing method according to
claim 3, characterized in that an inorganic resist
material for forming the inorganic resist film, power
of the laser beam, and the time for which the devel-
opment process is performed are set such that a
height of the small protrusion from the flat surface of
the non-recessed portion is in the range of 3% to
10% of a height of the flat surface of the non-re-
cessed portion from the recessed portion and a ra-
dius of curvature of the small protrusion is in the
range of 20% to 60% of the height of the flat surface
of the non-recessed portion from the recessed por-
tion.

5. A stamper for use in a manufacturing process for
manufacturing an optical disc, the manufacturing
process including the steps of manufacturing the
stamper using a disc master having a recessed por-
tion formed therein, the stamper having a projecting
portion formed by transferring the recessed portion;
manufacturing a disc substrate using the stamper,
the disc substrate having a recessed portion formed
by transferring the projecting portion in the stamper;
and forming a predetermined layered structure on
the disc substrate,

wherein the stamper is characterized in that a
boundary portion between the projecting portion and
a non-projecting portion includes a small depression
which is formed in a bottom surface of the non-pro-
jecting portion.

6. A disc substrate manufactured using a stamper, the
stamper being manufactured using a disc master
having a recessed portion formed therein, the
stamper having a projecting portion formed by trans-
ferring the recessed portion, the disc substrate hav-
ing a recessed portion formed by transferring the pro-
jecting portion in the stamper,
wherein the disc substrate is characterized in that
a boundary portion between the recessed portion
and a non-recessed portion includes a small protru-
sion which protrudes from a flat surface of the non-
recessed portion.

7. The disc substrate according to claim 6, character-
ized in that a height of the small protrusion from the
flat surface of the non-recessed portion is in the
range of 3% to 10% of a height of the flat surface of
the non-recessed portion from the recessed portion,
and a radius of curvature of the small protrusion is
in the range of 20% to 60% of the height of the flat
surface of the non-recessed portion from the re-
cessed portion.

8. An optical disc manufactured by the steps of manu-
facturing a stamper using a disc master having a
recessed portion formed therein, the stamper having
a projecting portion formed by transferring the re-
cessed portion; manufacturing a disc substrate using
the stamper, the disc substrate having a recessed
portion formed by transferring the projecting portion
in the stamper; and forming a predetermined layered
structure on the disc substrate,
wherein the optical disc is characterized in that a
boundary portion between the recessed portion and
a non-recessed portion formed in the disc substrate
includes a small protrusion which protrudes from a
flat surface of the non-recessed portion.

9. The optical disc according to claim 8, characterized
in that a height of the small protrusion from the flat
surface of the non-recessed portion is in the range
of 3% to 10% of a height of the flat surface of the
non-recessed portion from the recessed portion, and
a radius of curvature of the small protrusion is in the
range of 20% to 60% of the height of the flat surface
of the non-recessed portion from the recessed por-
tion.

10. An optical disc manufacturing method, character-
ized by comprising:

a film forming step of forming an inorganic resist
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film on a master substrate;
an exposure step of forming an exposed portion
by thermochemical reaction by exposing the in-
organic resist film on the master substrate to a
laser beam;
a deposition step of forming a disc master by
performing a deposition process for the master
substrate on which the exposed portion is
formed for a predetermined time so that the ex-
posed portion is formed into the recessed por-
tion and a small protrusion which protrudes from
a flat surface of a non-recessed portion is formed
in a boundary portion between the recessed por-
tion and the non-recessed portion;
a stamper forming step of forming a stamper us-
ing the disc master, the stamper having a pro-
jecting portion formed by transferring the re-
cessed portion in the disc master;
a substrate forming step of forming a disc sub-
strate using the stamper, the disc substrate hav-
ing a recessed portion formed by transferring
the projecting portion in the stamper; and
a layered-structure forming step of forming an
optical disc by forming a predetermined layered
structure on the disc.

11. A disc substrate manufactured using a stamper, the
stamper being manufactured using a disc master
having a recessed portion formed therein, the
stamper having a projecting portion formed by trans-
ferring the recessed portion, the disc substrate hav-
ing a recessed portion formed by transferring the pro-
jecting portion in the stamper,
wherein the disc substrate is characterized in that
the stamper used for manufacturing the disc sub-
strate is a stamper in which a boundary portion be-
tween the projecting portion and a non-projecting
portion includes a small depression which is formed
in a bottom surface of the non-projecting portion.

12. An optical disc manufactured by the steps of manu-
facturing a stamper using a disc master having a
recessed portion formed therein, the stamper having
a projecting portion formed by transferring the re-
cessed portion; manufacturing a disc substrate using
the stamper, the disc substrate having a recessed
portion formed by transferring the projecting portion
in the stamper; and forming a predetermined layered
structure on the disc substrate,
wherein the optical disc is characterized in that the
stamper used for manufacturing the disc substrate
is a stamper in which a boundary portion between
the projecting portion and a non-projecting portion
includes a small depression which is formed in a bot-
tom surface of the non-projecting portion, and the
predetermined layered structure is formed on the
disc substrate.
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