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€\ (57) Abstract: Disclosed herein are a high-density recording medium, such as a high-density optical disc and a recording and/or
reproducing device therefor. Ata transition area of the high-density optical disc allocated between a clamping area and an information
[~ areaof the high-density optical disc is formed a step having a prescribed slope so that the high-density optical disc does not collide
& with an objective lens of an optical pickup provided in an optical disc device although the objective lens of the optical pickup is
v={ upwardly moved toward a recording layer of the high-density optical disc until it moves to the maximum working distance when
% the high-density optical disc, such as a Blu-ray disc, is improperly placed on a turntable provided in the optical disc device, e.g.,
& when the high-density optical disc is placed upside down on the turntable. The thickness of the information area is smaller than
& that of the clamping area by the provision of the step at the transition area. Consequently, damage to the high-density optical disc
A or the objective lens due to a collision of the objective lens with the high-density optical disc is prevented, and fatal errors of a
servo operation are effectively prevented. Furthermore, the cost of materials required to manufacture the high-density optical disc
is reduced while stable clamping force is maintained, and safe insertion of the high-density optical disc into a slot-type optical disc
drive is possible.
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DESCRIPTION

HIGH-DENSITY RECORDING MEDIUM AND
RECORDING AND/OR REPRODUCING DEVICE .
THEREFOR

1. Technical Field

The present invention relates to a high-density recording
medium, e.g., an optical disc and a recording and/or reproducing
device therefor, and more particularly to a high-density optical
disc that is capable of not colliding with an objective lens of
an optical pickup when the high—deﬁsity optical disc, such as
a BD (Blu-ray disc), is improperly placed in an optical disc
recording and/or reproducing device, e.g., when the high-density
optical disc is placed upside down in the optical disc device,

and an optical disc recording and/or reproducing device.

2. Background Art

As shown in Fig. 1, a general CD (compact disc) is formed
with a thickness of 1.2 mm and a diameter of 120 mm. Also, the
CD has a center hole of 15 mm in diameter, and a clamping area
of 44 mm in diameter, which is formed around the center hole.
The clamping area is securely placed on a turntable provided in
an optical disc device by means of a clamper also provided in
the optical disc device.

A data recording layer of the CD, on which data is recorded
in a pit pattern, is spaced approximately 1.2 mm from the surface
of the CD facing an objective lens OL of an optical pickup
provided in the optical disc device. The objective lens OL, which
is used in the optical pickup for the CD, has a relatively small

numeral aperture NA. For example, the objective lens OL has an
1
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NA of 0.45.

As shown in Fig. 2, a general DVD (digital versatile disc)
is formed with a thickness of 1.2 mm and a diameter of 120 mm.
Also, the DVD has a center hole of 15 mm in diameter, and a
clamping area of 44 mm in diameter, which is formed around the
center hole. The clamping area is securely placed on a turntable
provided in an optical disc device by means of a clamper also
provided in the optical disc device.

A data recording layer of the DVD, on which data is recorded
in a pit pattern, is spaced approximately 0.6 mm from the surface
of the DVD facing an objective lens OL of an optical pickup
provided in the optical disc device. The objective lens OL, which
is used in the optical pickup for the DVD, has a relatively larxge
numeral aperture NA. For example, the objective lens OL has an
NA of 0.6.

As shown in Fig. 3, a high-density optical disc,
standardization of which has been under discussion recently,
such as a BD (Blu-ray disc), is formed with a thickness of 1.2
mm and a diameter of 120 mm. Also, the BD has a center hole of
15 mm in diameter, a clamping area of 33 mm in diameter, which
is formed around the center hole and securely placed on a
turntable provided in an optical disc device by means of a clamper
also provided in the optical disc device, and a transition area
of 42 mm in diameter, which is allocated between the clamping
area and an information area.

A data recording layer of the BD, on which data is recorded
in a pit pattern, is spaced approximately 0.1 mm from the surface
of the BD facing an objective lens OL of an optical pickup
provided in the optical disc device.

The objective lens of the optical pickup for the BD has the
largest numeral aperture NA. For example, the objective lens
has an NA of 0.85. The optical pickup for the BD uses a laser
beam having a short wavelength to reproduce data recorded in a

2
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high-density pit pattern or record data in a high-density pit
pattern, as compared to the optical pickup for the CD or the DVD.

Specifically, the laser beam having a short wavelength and
the objéctive lens having a much larger numeral aperture are used
in the optical pickup for the BD. Consequently, a small spot
of a laser beam having an increased amount of light can be focused
on the recording layer in a state in which the objective lens
of the optical pickup for the BD is closer to the recording layer
of the BD. Furthermore, the light transmittance distance of the
laser beam having a short wavelength can be shortened, whereby
property change of the laser beam and occurrence of aberration
are minimized.

When a BD 10 is properly placed on a turntable 11 provided
in the optical disc device, as shown in Fig. 4, a general servo
operation is carried out as follows. The BD 10 is rotated at
high speed by means of a spindle motor 12, a motor driver 13,
and a serveo controller 15. While the BD 10 is rotated, the
objective lens OL of an optical pickup 14, which is also provided
in the optical disc device, focuses on the BD 10 based upon a
focusing servo operation, by which the objective lens OL of the
optical pickup 14 is vertically moved within the range of a
prescribed working distance WD. After the focusing servo
operation is carried out, data recorded on the disc is normally
read or data is normally recorded on the disc.

When the BD 10 is improperly placed on the turntable 11 of
the optical disc device, however, for example, when the BD 10
is placed upside down on the turntable 11, as shown in Fig. 5,
the recording layer of the BD 10 improperly placed on the
turntable 11 is, from the objective lens OL, farther by at least
1.0 mm than that of the BD 10 properly placed on the turntable
11.

In this case, the objective lens OL cannot focus on the BD
10 simply by a normal focusing operation for moving the objective
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lens OL vertically although the BD 10 is rotated at high speed
by means of the spindle motor 12, the motor driver 13, and the
servo controller 15. Consequently, the objective lens OL is
upwardly moved toward the recording layer of the BD 10 until it
moves to the maximum working distance WD Max under the control
of the servo controller 15 for controlling the focusing servo
operation. As a result, the objective lens OL comes into
collision with the BD 10, which may cause the BD 10, the objective
lens OL, or an actuator for supporting the objective lens OL to
be damaged, or otherwise cause the servo operation to have fatal

exrrors.

3. Disclosure of Invention

Therefore, the present invention has been made in view of
the above problems, and it is an object of the present invention
to provide a high-density optical disc that is capable of not
colliding with an objective lens of an optical pickup provided
in an optical disc device although the objective lens is upwardly
moved toward a recording layer of the high-density optical disc
until it moves to the maximum working distance when the
high-density optical disc, such as a BD (Blu-ray disc), 1is
improperly placed in the optical disc device, e.g., when the
high-density optical disc is placed upside down in the optical
disc device, and an optical disc device therefor.

In accordance with one aspect of the present invention, the
above and other objects can be accomplished by the provision of
a high-density recording medium, comprising: a clamping area;
an information area; and a transition area between the clamping
area and the information area, wherein a step from top surface
in the transition area to the top surface in the information area
is formed to have a slope down smoothly to the top surface of
the information area.

In accordance with another aspect of the present invention,
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there is provided a high-density recording medium, comprising:
a clamping area; an information area the thickness of which is
smaller than that of the clamping area; and a transition area
between the clamping area and the information area, wherein a
step 1is formed at the transition area, and wherein a data
recording layer is formed at a lower position with respect to
the middle of the disc in the thickness direction of the disc.

In accordance with another aspect of the present invention,
there is provided an apparatus for recording and/or reproducing
data on or from a high density recording medium, comprising: an
optical pickup for reading or recording data from or on a
high-density recording medium; and a servo controller
controlling the optical pickup to carry out a servo operation,
wherein the optical pickup reads or records data from or on a
recording layer of an information area based on the control of
the servo controller, the information area having thickness
smaller than that of a clamping area of the high-density
recording medium, wherein a transition area formed between the
clamping area and the information area, a step formed at the
transition area, and the recording layer formed at a lower
position with respect to half thickness of the recording medium.

In accordance with another aspect of the present invention,
there is provided an apparatus for recording and/or reproducing
data on or from a high density recording medium, comprising: an
optical pickup for reading or recording data from or on a
high-density recording medium, wherein the high-density
recording medium having a clamping area, an information area,
and a transition area between the clamping area and the
information area, and a step from top surface in the transition
area to the top surface in the information area is formed to have
a slope down smoothly to the top surface of the information area;
and a servo controller controlling the optical pickup to carry
out a servo operation to read or record data from or on a recording
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layer of information area.

In accordance with yet another aspect of the present
invention, there is provided a system for recording or
reproducing data on or from a high-density recording medium,
comprising: a high-density recording medium, the recording
medium comprising a clamping area, an information area, and a
transition area between the clamping area and the information
area, wherein a step from top surface in the transition area to
the top surface in the information area is formed to have a slope
down smoothly to the top surface of the information area, and
a recording layer located at a lower portion with respect to half
thickness of the information area; and a recording/reproducing
device which is able to insert the high-density recording medium,
and operable to record or reproduce data on or from the

high-density recording medium.

4. Brief Description of Drawings

The accompanying drawings, which are included to provide a
further understanding of the invention, illustrate the preferred
embodiments of the invention, and together with the description,
serve to explain the principles of the present invention.

Fig. 1 is a view showing the disc structure of a general
CD (compact disc);

Fig. 2 is a view showing the disc structure of a general
DVD (digital versatile disc);

Fig. 3 is a view showing the disc structure of a general
BD (Blu-ray disc);

Fig. 4 is a view showing the BD properly placed in a general
optical disc device;

Fig. 5 is a view showing the BD improperly placed in the
general optical disc device;

Fig. 6 is a cross-sectional view showing a high—density
optical disc according to a preferred embodiment of the present
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invention;

Fig. 7 is a view showing that the high-density optical disc
does not collide with an objective lens by the provision of a
sloping step according to the present invention;

Fig. 8 is a view showing the high-density optical disc
according to the present invention properly placed in an optical
disc device;

Fig. 9 is a view showing the high-density optical disc
according to the present invention improperly placed in the
optical disc device; and

Figs. 10 to 15 illustrate high-density optical discs
according to the present invention and results of experiments
on the high-density optical discs.

Features, elements, and aspects of the invention that are
referenced by the same numerals in different figures represent
the same, equivalent, or similar features, elements, or aspects

in accordance with one or more embodiments.

5. Modes for Carrying out the Invention

Now, a high-density optical disc and an optical disc device
for reading data recorded on such a high-density optical disc and
recording data on such a high-density optical disc according to
a preferred embodiment of the present invention will be described
in detail with reference to the accompanying drawings.

Fig. 6 1s a cross-sectional view showing a high-density
optical disc according to a preferred embodiment of the present
invention. As already described above with reference to Fig.
3, the high-density optical disc, for example, a BD (Blu-ray
disc) 20 is formed with a thickness of 1.2 mm and a diameter of
120 mm. Also, the BD 20 has a center hole of 15 mm in diameter,
a clamping area of 33 mm in diameter, which is formed around the
center hole and securely placed on a turntable provided in the
optical disc device by means of a clamper also provided in the
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optical disc device, and a transition area of 42 mm in diameter,
which is allocated between the clamping area and an information
area.

A data recording layer of the BD 20, on which data is
recorded in a pit pattern, is spaced approximately 0.1 mm from
the surface of the BD 20 facing an objective lens of an optical
pickup provided in the optical disc device. The BD 20 is formed
such that the thickness of the clamping area is different from
that of the information area. For example, the transition area
of the BD 20 includes a sloping step having a prescribed thickness
tof 0.1 to 0.6 mm at the surface of the BD 20 at a longer distance
from the data recording layer of the BD 20, as shown in Fig. 6.
Consequently, the thickness of the information area is 0.1 to
0.6 mm smaller than that of the clamping area.

The step is formed to prevent a collision of the objective
lens of the optical pickup with the BD 20 although the objective
lens is upwardly moved toward the recording layer of the BD 20
to focus on the recording layer until it moves to the maximum
working distance when the BD 20 is improperly placed on the
turntable of the optical disc device, e.g., when the BD 20 is
placed upside down on the turntable. Specifically, the step of
0.1 t0 0.6 mm in thickness is formed from the end position of
the clamping area to the starting position of the information
area while having a prescribed slope in order to provide a
prescribed gap distance between the BD 20 and the objective lens,
as shown in Fig. 6.

When a BD having a sloping step formed from the end position
of the clamping area, which has a diameter of 33 mm, to the
starting position of the information area, which has a diameter
of 42 mm, is placed upside down in the optical disc device
(Example 1), the objective lens OL of the optical pickup collides
with the BD as the objective lens OL is maximally moved in the

horizontal direction.
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In a BD according to a preferred embodiment of the present
invention, the sloping step is partially formed on the transition
area. ‘For example, the sloping step of the BD is formed from
the end position of the clamping area, which has a diameter of
33 mm, to the position placed 2.0 mm ahead of the starting
position of the information area, which has a diameter of 42 mm.
Consequently, the objective lens OL of the optical pickup does
not collide with the BD although the objective lens OL is
maximally moved in the horizontal direction when the BD is placed
upside down in the optical disc device (Example 2).

The sloping step may be formed with a maximum slope length
of 3.5 mm (=(4O mm — 33 mm)/2) in the radial direction of the
disc on the basis of the center hole of the optical disc. Also,
the sloping step may have a minimum slope length of 1.8 mm (=(40
mm - 36.4 mm) /2) in the radial direction of the disc, considering
that the clamping area may be extended above its diameter of 33
mm. It is preferable, however, that the sloping step has a
minimum slope length of 1.0 mm (=(40 mm - 38 mm)/2) in
consideration of manufacturing deviation of the optical disc.
Consequently, the sloping step preferably has a slope length of
1.0 mm to 3.5 mm in the radial direction of the disc in the
embodiment of the present invention.

When the BD 20 is properly inserted into the optical disc
device as shown in Fig. 8, the clamping area of the BD 20 is safely
placed on the turntable 11. 1In this case, the thickness of the
clamping area is not changed, whereby stable clamping force is
maintained. Furthermore, the thickness of the information area
is reduced so that a relatively small centrifugal force is
generated when the BD 20 is rotated at high speed, whereby more
stable clamping force is guaranteed.

While the BD 20 is rotated at high speed by means of the
spindle motor 12, the motor driver 13, and the servo controller
15, the objective lens OL of the optical pickup 14 is vertically

9
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moved within the range of a prescribed working distance to carry
out a focusing servo operation. After the focusing servo
operation is carried out, data recorded on the disc is normally
read, or data is normally recorded on the disc.

Even when the BD 20 is improperly inserted into the optical
disc device, for example, the BD 20 is inserted upside down into
the optical disc device as shown in Fig. 9, the clamping area
of the BD 20 is safely placed on the turntable 11. 1In this case,
however, a gap distance of 0.1 to 0.6 mm is formed between the
surface of the clamping area placed on the turntable 11, facing
the objective lens OL and the surface of the information area
facing the objective lens OL by means of the sloping step formed
at the transition area of the BD 20.

Consequently, the objective lens OL of the optical pickup
14 does not collide with the BD 20 although the objective lens
OL of the optical pickup 14 is maximally moved in the vertical
direction to carry out a focusing servo operation while the BD
20 is rotated at high speed by means of the spindle motor 12,
the motor driver 13, and the servo controller 15. Furthermore,
the data recording layer of the BD 20 is spaced apart from the
surface of the BD 20 facing the objective lens OL, whereby no
normal focusing operation is carried out, and thus it is
recognized that no disc is in the optical disc device.

Moreover, the maximum working distance of the objective
lens OL is further increased, which is advantageous to carry out
the focusing servo operation. The thickness of the information
area of the BD 20 is reduced below 1.2 mm, whereby the cost of
materials required to manufacture the BD 20 is decreased. 1In
the case that the BD 20 is manually inserted into a slot-type
optical disc drive, the BD 20 may collide with the optical disc
drive due to the step formed at the BD 20. However, a shock due
to the collision of the BD 20 with the optical disc drive is
minimized by means of the sloping shape of the step, whereby

10
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smooth insertion of the BD 20 into the optical disc drive is
possible.

The reason why the sloping step having a thickness of 0.1
mm to 0.6 mm is formed at the transition area of the BD will now
be described. As shown in Fig. 10, the maximum thickness of the
clamping area of the BD is 1.3 mm. Consequently, the thickness
of an injection-molded substrate is 1.2 mm with the exception
of a cover layer of 0.1 mm in thickness.

When the step is formed on the surface of the BD opposite
to the cover layer so that the information area and the rim area
are manufactured while the thickness of the information and rim
area is smaller than that of the clamping area, for example, the
thickness of the injection-molded substrate at the information
area and the rim area is 0.6 mm, which is the same as a general
DVD, a transcription property of grooves or pits formed at the
recording surface during the injection molding is not
deteriorated as in the DVD.

Consequently, when the thickness of the clamping area is
1.2 mm as shown in Fig. 10, the substrate at the information area
and the rim area can be easily manufactured without deterioration
of injection-molding and transcription properties as long as the
thickness of the substrate at the information area and the rim
area is 0.6 mm. As a result, the step having a thickness of up
to 0.6 mm can be formed between the clamping area and the
information area.

When the cover layer of 0.1 mm in thickness is formed on
the recording surface of the BD, it is possible to manufacture
a BD having a clamping area whose thickness is 1.3 mm, an
information area whose thickness is 0.7 mm, and a rim area whose
thickness is 0.7 mm. When the minimum thickness of the clamping
area is 1.15 mm, and the thickness of the step is 0.6 mm, the
thickness of the information area and the rim area is 0.55 mm.
Consequently, the thickness of the injection-molded substrate

11
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is 0.45 with the exception of the thickness of the cover layer,
which is 0.1 mm. In this case, however, the injection-molded
substrate having a thickness of 0.45 mm can be practically
manufactured.

On the other hand, the reason why the minimum thickness of
the step is set to 0.1 mm is as follows. Even when the objective
lens for the BD having a numeral aperture of 0.85 has a large
working distance, for example, approximately 0.5 mm or more, as
shown in Fig. 11, a collision of the objective lens with the BD
is prevented by the provision of the step having a thickness of
at least 0.1 mm. Specifically, a collision of the objective lens
with the BD is effectively prevented even when the distance in
which the objective lens can be vertically moved to carry out
the focusing servo operation is 0.5 mm in the direction close
to the recording surface of the disc and 0.5 mm in the direction
away from the recording surface of the disc on the basis of the
focusing position. When the working distance of the objective
lens is large, the effect of prevention of the collision of the
objective lens with the BD is increased as the step of the BD
has a larger thickness. When the working distance of the
objective lens is small, however, the collision of the objective
lens with the BD can still be prevented although the step of the
BD has a small thickness.

When the injection-molded substrate having a thickness of
1.1 mm/0.8 mm and the cover layer having a thickness of 100 pum
are manufactured with polycarbonate, as shown in Fig. 12, so that
the thickness of the clamping area is 1.2 mm, and the thickness
of the information area and the rim area is 0.9 mm, the radial
angular deviation o has the maximum value (o= 0.70 degree), which

is required under normal test conditions applied to the BD, i.e.,
a temperature of 23 £ 2 T, a relative humidity of 45 % to 55 &,

and an atmospheric pressure of 86 kPa to 106 kPa.

When the injection-molded substrate is made of
12
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polycarbonate as shown in Fig. 13, the'angular deviation (a =
0.80 degree) is satisfied under the sudden change test conditions

of the BD, i.e., a condition in which the relative humidity is

Q

changed from 95 % to 45 %, and the temperature is 25 C, which

is unchanged, and another condition in which the relative
humidity is changed from 45 % to 30.0 %, and the température is
changed from 25 T to 70 T while a prescribed level of the
absolute humidity is maintained, as long as the thickness of the
disc, i.e., the thickness of the disc in information area is at
least 0.9 mm. However, it is difficult to satisfy the
above-mentioned conditions when the thickness of the disc is
below 0.9 mm. Consequently, it is preferable to set the minimum
thickness of the disc to 0.9 mm when the injection-molded
substrate is made of polycarbonate. However, it is possible to
manufacture a disc having a thickness of below 0.9 mm when the
injection-molded substrate is made of one of other plastic
materials having higher strength than that of the polycarbonate.
When the disc is directly loaded into or unloaded from a
slot-type disc drive, which has no tray, as shown in Fig. 14,
the disc may be caught by the disc drive due to the vertical step
formed at the disc, which leads to a failure to load the disc
into the disc drive. When the disc is manufactured such that
the sloping angle of the step is not more than 30 degrees (= 0.6
mm/1.0 mm) as shown in Fig. 15, however, the disc is not caught
by the disc drive due to the slope provided at the step.
Although the preferred embodiments of the present
invention have been disclosed for illustrative purposes, those
skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing from
the scope and spirit of the invention as disclosed in the
accompanying claims. For example, the step formed at the
transition area of the disc may have other shapes in addition

to the aforesaid sloping shape.
13
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As apparent from the above description, the present
invention provides a high-density optical disc wherein a
prescribed gap distance between the high-density optical disc
and an objective lens of an optical pickup provided in an optical

5 disc device is increased. Consequently, the present invention
has an effect of preventing a collision of the high-density
optical disc with the objective lens of the optical pickup,
whereby damage to the high-density optical disc or the objective
lens of the optical pickup is prevented, and fatal errors of a

10 servo operation are effectively prevented.

14
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CLAIMS

1. A high-density recording medium, comprising:

a clamping area;

an information area; and

a transition area between the clamping area and the
information area,

wherein a step from top surface in the transition area to
the top surface in the information area is formed to have a slope

down smoothly to the top surface of the information area.

2. The recording medium as set forth in claim 1, wherein
the transition area is located at the diameter dout < d < 42mm,

wherein dout is an outer diameter of the clamping area.

3. The recording medium as set forth in claim 2, wherein
the step is formed from the end position of the clamping area
to the position placed at least a predetermined diameter ahead
of the start position of the information area, the information

area being started from diameter 42mm.

4. The recording medium as set forth in claim 3, wherein

the predetermined diameter is 2.0 mm.

5. The recording medium as set forth in claim 1, wherein
a recording layer is formed at a lower position with respect to

half thickness of the recording medium.

6. The recording medium as set forth in claim 5, wherein

the high-density recording medium is a Blu-ray disc.

7. The recording medium as set forth in claim 5, wherein
15



10

15

20

25

30

WO 2004/107332 PCT/KR2004/001321

the step is formed at a top surface of the recording medium at
a longer distance from the recording layer of the recording

medium.

8. The recording medium as set forth in claim 5, wherein
the data recording layer is located at a thickness of about 0.1lmm

from entrance surface of the recording medium.

9. The recording medium as set forth in claim 1, wherein
the step is formed from the end position of the claiming area
while the end position of the clamping area is a start position

of transition area.

10. The recording medium as set forth in claim 9, wherein
the step between the top surface of the clamping area and the
top surface of the information area has a thickness of more than

O0.1lmm.

11. The recording medium as set forth in claim 9, wherein
the step between the top surface of the clamping area and the

top surface of the information area has at least a thickness

0.1lmm<t<O0.6mm.

12. The recording medium as set forth in claim 9, wherein
the step between the top surface of the clamping area and the
top surface of the information area has a thickness so as not
to collide with an objective lens of optical pickup to focus a

data recording layer.

13. The recording medium as set forth in claim 9, wherein
the step between the top surface of the clamping area and the
top surface of the information area has a slope so as not to

collide with the optical pickup when the optical pickup is moved
16
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to inner direction of the recording medium.

14. The recording medium as set forth in claim 1,

the slope has a maximum radius 3.5mm.

15. The recording medium as set forth in claim 1,

the slope has a minimum radius 1.8mm.

16. The recording medium as set forth in claim 1,

the slope has a minimum radius 1.O0mn.

17. The recording medium as set forth in claim 16,

wherein

wherein

wherein

wherein

the slope has an angle of 8 degrees when the slope has the minimum

radius 1.0mm and the minimum thickness 0.1,

tan™t(0.1/1.0).

the

the

the

the

18. The
step has
19. The
slope is
20. The
clamping
21. The

recording medium as set forth in claim

a slope of max 30 .

recording medium as set forth in claim

formed at radius 1.0mm to 3.5mm.

recording medium as set forth in claim

area has a thickness of max 1.3mm.

recording medium as set forth in claim

information area has a thickness of min 0. 9mm.

22. A high-density recording medium, comprising:

a clamping area;

1,

1,

wherein the 6 1is

wherein

wherein

wherein

wherein

an information area the thickness of which is smaller than

that of the clamping area; and
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a transition area between the clamping area and the
information area, wherein a step is formed at the transition
area,

wherein a data recording layer is formed at a lower position
with respect to the middle of the disc in the thickness direction

of the disc.

23. The recording medium as set forth in claim 22, wherein
the step is formed from the end position of the clamping area
to the starting position of the information area while having

a prescribed slope.

24. The recording medium as set forth in claim 23, wherein
the step is formed from the end position of the clamping area
to the position placed at least 2.0 mm ahead of the starting

position of the information area.

25. The recording medium as set forth in claim 22, wherein
the step from top surface in the clamping area to the top surface
in the information area is formed to have a slope down smoothly

to the top surface of the information area.

26. The recording medium as set forth in claim 25, wherein

the step has a thickness of minimum 0.1 mm.

27. The recording medium as set forth in claim 25, wherein

the step has a thickness of 0.1 to 0.6 mm.

28. The recording medium as set forth in claim 22, wherein

the high-density recording medium is a Blu-ray disc.

29. The recording medium as set forth in claim 28, wherein
the data recording layer is located at a thickness of about 0.1mm
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from entrance surface of the Blu-ray disc.

30. The recording medium as set forth in claim 22, wherein
the step is formed at the surface of the recording medium at a
longer distance from the data recording layer of the recording

medium.

31. An apparatus for recording and/or reproducing data on
or from a high density recording medium, comprising:

an optical pickup for reading or recording data from or on
a high-density recording medium; and

a servo controller controlling the optical pickup to carry
out a servo operation,

wherein the optical pickup reads or records data from or
on a recording layer of an information area based on the control
of the servo controller, the information area having thickness
smaller than that of a clamping area of the high-density
recording medium, wherein a transition area formed between the
clamping area and the information area, a step formed at the
transition area, and the recording layer formed at a lower

position with respect to half thickness of the recording medium.

32. The apparatus as set forth in claim 31, wherein the
servo controller extends the maximum working distance of an
objective lens provided at the optical pickup to the position
higher than that of the clamping area of the high-density

recording medium placed in the device.

33. The apparatus as set forth in claim 31, further
comprising:
a clamping unit clamping the clamping area of the recording

medium by a force.
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34. An apparatus for recording and/or reproducing data on
or from a high density recording medium, comprising:

an optical pickup for reading or recording data from or on
a high-density recording medium, wherein the high-density
recording medium having a clamping area, an information area,
and a transition area between the clamping area and the
information area, and a step from top surface in the transition
area to the top surface in the information area is formed to have
a slope down smoothly to the top surface of the information area;
and

a servo controller controlling the optical pickup to carry
out a servo operation to read or record data from or on a recording

layer of information area.

35. The apparatus of claim 34, further comprising:
a clamping unit clamping the clamping area of the recording

medium by a predetermined force.

36. The apparatus of claim 34, wherein the optical pickup
includes an objective lens, and the objective lens has a working
distance in vertical direction to focus the recording layer by

the control of the servo controller.

37. The apparatus of claim 34, wherein the servo controller
controls the objective lens to move in vertical direction up to
maximum working distance to focus the recording layer when the

recording medium is placed upside down on a turntable.

38. The apparatus of claim 37, wherein the servo controller
does not focus the recording layer even if the objective lens

is moved to the maximum working distance.

39. The apparatus of claim 38, wherein the servo controller
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generates a signal for indicating a focus error, thereby
determining that no recording medium is inserted in the

apparatus.

40. A system for recording or reproducing data on or from
a high-density recording medium, comprising:

a high-density recording medium, the recording medium
comprising a clamping area, an information area, and a transition
area between the clamping area and the information area,

wherein a step from top surface in the transition area to
the top surface in the information area is formed to have a slope
down smoothly to the top surface of the information area, and
a recording layer located at a lower portion with respect to half
thickness of the information area; and

a recording/reproducing device which is able to insert the
high-density recording medium, and operable to record or

reproduce data on or from the high-density recording medium.

41. The system of claim 40, wherein the recording/
reproducing device includes an optical pickup for reading or
recording data from or on a high-density recording medium, and

a servo controller controlling the optical pickup to carry
out a servo operation to read or record data from or on a recording

layer of information area.

42. The system of claim 41, wherein the recording/
reproducing device further includes a clamping unit clamping the

clamping area of the recording medium by a predetermined force.

43. The system of claim 41, wherein the optical pickup
includes an objective lens, the objective lens has a working
distance in vertical direction to focus the recording layer by
the control of the servo controller.
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44. The system of claim 41, wherein the servo controller
controls the objective lens to move in vertical direction up to
maximum working distance to focus the recording layer when the

recording medium is placed upside down on a turntable.

45. The system of claim 44, wherein the servo controller
does not focus the recording layer even if the objective lens

is moved to the maximum working distance.

46. The system of claim 45, wherein the servo controller
generates a signal for indicating a focus error, thereby
determining that no recording medium 1is inserted in the

apparatus.

47. The system of claim 40, wherein the transition area of
the recording medium is located at the diameter dout < d < 42mm,

wherein dout is an outer diameter of the clamping area.

48. The system of claim 47, wherein the step is formed from
the end position of the clamping area to the position placed at
least a predetermined diameter ahead of the start position of
the information area, the information area being started from

diameter 42mm.

49. The system of claim 48, wherein the predetermined

diameter is 2.0 mm.

50. The system of claim 40, wherein the step of the
recording medium is formed at a top surface of the recording
medium at a longer distance from the recording layer of the

recording medium.
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51. The system of claim 40, wherein the data recording layer
is of the recording medium located at a thickness of about 0.1lmm

from entrance surface of the recording medium.

52. The system of claim 40, the step of the recording medium
is formed from the end position of the claiming area while the
end position of the clamping area 1is a start position of

transition area.

53. The system of claim 52, wherein the step between the
top surface of the clamping area and the top surface of the

information area has a thickness of more than 0.lmm.

54. The system of claim 52, wherein the step between the

top surface of the clamping area and the top surface of the

information area has at least a thickness 0.1mm<t<O0.o6mm.

55. The system of claim 52, wherein the step between the
top surface of the clamping area and the top surface of the
information area has a thickness so as not to collide with an

objective lens of optical pickup to focus a data recording layer.

56. The system of claim 52, wherein the step between the
top surface of the clamping area and the top surface of the
information area has a slope so as not to collide with the optical
pickup when the optical pickup is moved to inner direction of

the recording medium.

57. The system of claim 40, wherein the slope of the

recording medium has a minimum radius 1.8mm.

58. The system of claim 40, wherein the slope of the

recording medium has a minimum radius 1.0mm.
23
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59. The system of claim 58, wherein the slope has an angle

of 6 degrees when the slope has the minimum radius 1.0mm and

the minimum thickness 0.1, wherein the 6 is tan™t(0.1/1.0).

60. The system of claim 40, wherein the slope of the

recording medium is formed at radius 1.0mm to 3.5mm.

61. The system of claim 40, wherein the clamping area of

the recording medium has a thickness of max 1.3mm.

62. The system of claim 40, wherein the information area

of the recording medium has a thickness of min 0.9%mm.
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FIG. 2
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FIG. 3
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FIG. 12
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FIG. 13
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