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FIG. 4

st defect management information is reproduced. QS 401
Head is moved by the number of blocks N. S 402
2nd defect management information is reproduced. S 403

Defect management information to be used is specified. ——s 404

User data is reproduced based on the specified

defect management information. S 405

END
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FIG.5

st defect management information is reproduced. S 501
Head is moved by the number of blocks N. S 502

2nd defect management information Is reproduced. S 503

Defect management information to be S 504
used is specified.

User data is recorded based on the
specified defect management information. S 505

S 506

[s there
another defect area?

NO

YES

Defect management information is updated. S 507

User data is recorded in the spare area. S 508

END
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FIG.6

S601

Defect management information is updated.
Updated Defect management information is recorded 5602

in the 1st defect management information area.
S603

Head is moved by the munber of blocks N.
Updated defect management information is recorded S604

in the 2nd defect management information area.
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CONVENTIONAL ART
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INFORMATION RECORDING MEDIUM,
RECORDING APPARATUS, REPRODUCTION
APPARATUS, RECORDING METHOD,
REPRODUCTION METHOD AND DEFECT
MANAGEMENT METHOD

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to an information recording,
medium, a recording apparatus, a reproduction apparatus, a
recording method, a reproduction method, and a defect man-
agement method providing improved reliability on informa-
tion.

2. Description of the Related Art

As large capacity information recording media, optical
discs such as, for example, DVDs (Digital Versatile Discs)
are known. Along with the increase 1n the amount of 1nfor-
mation to be recorded on an information recording medium,
high density recording technology and large capacity tech-
nology have remarkably improved. As such technologies are
improved, it 1s becoming more and more important to guar-
antee reliability of recorded information.

FIG. 9 shows a logical structure of a conventional infor-
mation recording medium 900.

The mnformation recording medium 900 includes a data
recording area 901, a {irst disc information area 902, and a
second disc information area 903.

The data recording area 901 includes a user data area 904
in which user data 1s to be recorded, and a spare area 905.
When the user data area 904 has a defect area, the user data
which 1s to be recorded in the defect area 1s recorded 1n the
spare area 9035 instead of a portion of the user data area 904
corresponding to the defect area.

The first disc information area 902 includes a first defect
management information areca 906 and a second manage-
ment information area 907, both having defect management
information for managing the defect area (for example, a
defect block) existing 1n the user data area 904 and the spare
area 905 having the user data recorded therein instead of the
defect area.

The second disc information area 903 includes a third
defect management information area 908 and a fourth defect
management information area 909, both having defect man-
agement information for managing the defect area existing
in the user data area 904 and the spare area 905 having the
user data recorded therein instead of the defect area, as the
first disc management information area 902.

The defect area existing 1n the user data area 904 can be
managed by slipping algorithm or linear replacement algo-

rithm (see, for example, ECMA-272 “120 mm DVD Rewrit-
able Disk (DVD-RAM)”). In the case of slipping algorithm,
the user data which 1s to be recorded 1n the defect area skips
the defect area and slips to a subsequent portion of the user
data area 904. Thus, the user data 1s recorded 1n a portion 1n
the user data area 904 which 1s not the defect area. In the
case of linear replacement algorithm, as shown in FIG. 9, the
user data which 1s to be recorded in the defect area 1s
recorded 1n the spare area 903 instead of the defect area. In
both of the slipping algorithm and linear replacement
algorithm, the defect management information for managing
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2

the defect area 1s recorded 1n each of the first defect medium
information area 906, the second defect management infor-
mation area 907, the third defect management 1information

arca 908, and the fourth defect management information
area 909.

As described above, the defect management information
1s multiplex-recorded on an information recording medium
since the defect management information 1s important infor-
mation. The reasons for this are: (1) the defect management
information itself cannot be a target of defect management;
and therefore, 11 the defect management information area, 1n
which the defect management information 1s to be recorded,
has a defect area, the defect management information
recorded on the information recording medium cannot be
reproduced; and (11) 1f the defect management information 1s
lost, the user data recorded on the information recording
medium cannot be reproduced. A medium having the defect
management information multiplex-recorded thereon enjoys
improved reliability, since even 11 at least one of a plurality
of units of defect management information i1s not
reproduceable, the defect management information which
has been normally reproduced 1s used so that the user data
can be reproduced without being lost.

FIG. 10 1s a schematic view of a conventional information
recording medium 1001. The information recording medium
1001 1includes a first defect management information area
1002 and a second defect management information area
1003, 1n each of which defect management information 1s to
be recorded. The first defect management information area
1002 and the second defect management information area
1003 are located proximate to each another. The information
recording medium 1001 has a defect area 1004. The defect
arca 1004 1s, for example, a fingerprint, dust, or a scratch.
User data cannot be recorded 1n the defect area 1004. User
data recorded 1n the defect area 1004 cannot be reproduced.

As shown 1n FIG. 10, the defect area 1004 exists over the
first defect management information area 1002 and the sec-
ond defect management information area 1003. The infor-
mation recording medium 1001 can include two units of
defect management information (i.e., defect management
information recorded in the first defect management infor-
mation area 1002 and defect management mmformation
recorded 1n the second defect management information area
1003), but neither unit of defect management information
can be recorded or reproduced due to one defect area 1004.
In such a case, the user data recorded 1n the user area cannot
be reproduced and thus the reliability of the user data 1s
lowered.

FIG. 11 1s a schematic view of another conventional infor-
mation recording medium 1101. The information recording
medium 1101 includes a first defect management 1nforma-
tion area 1101 and a second defect management information
area 1103, 1n each of which defect management information
1s to be recorded. The first defect management 1nformation
areca 1102 and the second defect management information
arca 1103 are located so as to substantially face each other.
The information recording medium 1101 includes a defect
arca 1104. The defect area 1104 1s, for example, a
fingerprint, dust, or a scratch.

As shown 1n FIG. 11, the defect area 1104 exists 1n the
first defect management information area 1102. Namely,
information cannot be recorded to or reproduced from the
first defect management information area 1102. However,
the information can normally be recorded to or reproduced
from the second defect management information area 1103.
In such a case, the user data recorded in the user data area
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can be reproduced using the defect management information
in the second defect management information area 1103,
and therefore the reliability of the user data 1s not damaged.

As described above with reference to FIGS. 10 and 11, the
possibility of defect management information being nor-
mally reproduced 1s raised by locating defect management
information areas, in which the defect management informa-
tion 1s to be recorded, at discrete positions 1n the information
recording medium. Specifically, it 1s desirable to locate the
defect management iformation areas so as to face each
other as shown in FIG. 11.

In conventional information recording media, the posi-
tional arrangement of defect management information areas
are determined 1n accordance with the recording density of
the information recording medium. Therefore, the defect
management method needs to be changed in accordance
with the recording density. In an information recording
medium having a fixed positional arrangement of defect
management information areas regardless of the recording
density, 1t 1s not necessary to change the defect management
method but there 1s a risk of the defect management informa-
tion areas being close to each other.

SUMMARY OF THE INVENTION

An information recording medium according to the
present mnvention 1s usable for either a first recording density
D1 or a second recording density D2 among a plurality of
recording densities including the first recording density D1
and the second recording density D2. The information
recording medium includes a user data area in which user
data 1s to be recorded; a first defect management information
area 1n which first defect management information 1s to be
recorded, the first defect management information being for
managing a defect area existing 1n the user data area; and a
second defect management information area in which sec-
ond defect management information 1s to be recorded, the
second defect management information having an identical
content to that of the first defect management information.
The first defect management information area and the sec-
ond defect management information area are located so as to

tfulfill the relationships of 150°=01=210° and
150°=02=210°.

01=(D1xN)/ (27xr)x360(Mod3 60)
02=(D2xN)/ (27x1)x360(Mod3 60)

(1)
(2)

01 1s an angle made by a start block of the first defect
management information area and a start block of the second
defect management information area when the user data 1s
recorded in the user data area at the first recording density
D2. 02 1s an angle made by the start block of the first defect
management information area and the start block of the sec-
ond defect management information area when the user data
1s recorded in the user data area at the second recording
density D2. N 1s a number of blocks existing between the
start block of the first defect management information area
and the start block of the second defect management infor-
mation area. N 1s a natural number. r 1s a radial distance of
the first defect management information area from the center
of the mnformation recording medium.

The first recording density may be 75 mm/block, the sec-
ond recording density D2 may be 80 mmv/block, and the
radial distance r may be 60 mm.

An absolute value of the ratio of the difference between
the first recording density D1 and the second recording den-
sity D2, with respect to the first recording density D1, may

be 0.05 to 0.1.
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An apparatus for recording information on an information
recording medium 1s provided according to the present
invention. The mmformation 1s recorded at either a first
recording density D1 or a second recording density D2
among a plurality of recording densities including the first
recording density D1 and the second recording density D2.
The mnformation recording medium includes a user data area
in which user data 1s to be recorded; a first defect manage-
ment information area in which first defect management
information 1s to be recorded, the first defect management
information being for managing a defect area existing in the
user data area; and a second defect management information
area 1n which second defect management information 1s to
be recorded, the second defect management information
having an 1dentical content to that of the first defect manage-
ment information. The first defect management information

area and the second defect management information area are
located so as to fulfill the relationships of 150°=01=210°
and 150°=02=210°.

01=(D1xN)/(27x1)x360(Mod3 60) (1)

(2)

01 1s an angle made by a start block of the first defect
management information area and a start block of the second
defect management information area when the user data 1s
recorded 1n the user data area at the first recording density
D1. 62 1s an angle made by the start block of the first defect
management information area and the start block of the sec-
ond defect management information area when the user data
1s recorded 1n the user data area at the second recording
density D2. N 1s a number of blocks existing between the
start block of the first defect management information area
and the start block of the second defect management infor-
mation area. N 1s a natural number. r 1s a radical distance of
the first defect management information area from the center
ol the information recording medium. The apparatus
includes a head section for recording the information on and
reproducing the information from the mformation recording,
medium; and a control section for controlling an operation
of the head section. The control section controls the opera-
tion of the head section, such that the head section repro-
duces the first defect management information from the first
defect management information area, moves by the number
of blocks N from the start block of the first defect manage-
ment information area, and reproduces the second defect
management information from the second defect manage-
ment information area. The control section specifies defect
management information to be used, among the first defect
management information and the second defect manage-
ment information, and controls the operation of the head
section such that the head section records the user data 1n the
user data area based on the specified defect management
information.

The control section may determine whether or not there 1s
another defect area 1n the user data area; and when determin-
ing that there 1s another defect area, the control section may
update the defect management information and control the
operation of the head section such that the head section
records the user data in a portion of the user data area which
1s different from the another defect area, based on the
updated defect management information.

An apparatus for reproducing information recorded on an
information recording medium 1s provided according to the
present invention. The information 1s recorded at eirther a
first recording density D1 or a second recording density D2

02=(D2xN)/(27x1)x360(Mod3 60)
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among a plurality of recording densities including the first
recording density D1 and the second recording density D2.
The mnformation recording medium includes a user data area
in which user data is to be recorded; a first defect manage-
ment information area in which first defect management
information 1s to be recorded, the first defect management
information being for managing a defect area existing in the
user data user; and a second defect management information
area 1n which second defect management information 1s to
be recorded, the second defect management information
having an 1dentical content to that of the first defect manage-
ment information. The first defect management information

area and the second defect management information area are
located so as to tulfill the relationships of 150°=01=210°

and 150°=02=210°.

01=(D1xN)/ (27xr)x360(Mod3 60) (1)

(2)

01 1s an angle made by a start block of the first defect
management information area and a start block of the second
defect management information area when the user data 1s
recorded in the user data area at the first recording density
D1. 02 1s an angle made by the start block of the first defect
management information area and the start block of the sec-
ond defect management information area when the user data
1s recorded in the user data area at the second recording
density D2. N 1s a number of blocks existing between the
start block of the first defect management information area
and the start block of the second defect management infor-
mation area. N 1s a natural number. r 1s a radial distance of
the first defect management information area from the center
ol the information recording medium. The apparatus
includes a head section for reproducing the information
recorded on the information recording medium; and a con-
trol section for controlling an operation of the head section.
The control section controls the operation of the head
section, such that the head section reproduces the first defect
management information from the first defect management
information area, moves by the number of blocks N from the
start block of the first defect management information area,
and reproduces the second defect management information
from the second defect management information area. The
control section specifies defect management information to
be used, among the first defect management information and
the second defect management information, and controls the
operation of the head section such that the head section
reproduces the user data from the user data area based on the
specified defect management information.

A method for recording information on an mformation
recording medium 1s provided according to the present
invention. The information 1s recorded at either a first
recording density D1 or a second recording density D2
among a plurality of recording densities including the first
recording density D1 and the second recording density D2.
The information recording medium includes a user data area
in which user data is to be recorded; a first defect manage-
ment information area in which first defect management
information 1s to be recorded, the first defect management
information being for managing a defect area existing in the
user data area; and a second defect management information
area 1n which second defect management information 1s to
be recorded, the second medium defect information having,
an 1dentical content to that of the first defect management
information. The first defect management information area
and the second defect management information area are

02=(D2xN)/ (27x1)x360(Mod360)
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located so as to tulfill the relationships of 150°=01=210°
and 150°=02=210°.

01=(D1xN)/(2mxr)x360(Mod360) (1)

(2)

01 1s an angle made by a start block of the first defect
management information area and a start block of the second
defect management information area when the user data 1s
recorded in the user data area at the first recording density
D1. 02 1s an angle made by the start block of the first defect
management information area and the start block of the sec-
ond defect management information area when the user data
1s recorded in the user data area at the second recording
density D2. N 1s a number of blocks existing between the
start block of the first defect management information area
and the start block of the second defect management infor-
mation area. N 1s a natural number. r 1s a radial distance of
the first defect management information area from the center
of the information recording medium. The method 1ncludes
the steps of reproducing the first defect management 1nfor-
mation from the first defect management information area;
moving the head section, for recording mmformation on and
reproducing information from the information recording
medium, by the number of blocks N from the start block of
the first defect management information area; reproducing
the second defect management information from the second
defect management information area; specitying the defect
management information to be used, among the first detect
management information and the second defect manage-
ment information; and recording the user data in the user
data area based on the specified defect management infor-
mation.

The step of recording may include the steps of determin-
ing whether or not there 1s another defect area 1n the user
data area; updating the defect management information
when 1t 15 determined that there 1s another defect area: and
recording the user data in a portion of the user data area
which 1s different from the another defect area, based on the
updated defect management information.

A method for reproducing information recorded on an
information recording medium 1s provided according to the
present invention. The information 1s recorded at either a
first recording density D1 or a second recording density D2
among a plurality of recording densities including the first
recording density D1 and the second recording density D2.
The mformation recording medium includes a user data area
in which user data 1s to be recorded; a first defect manage-
ment information area in which first defect management
information 1s to be recorded, the first defect management
information being for managing a defect area existing in the
user data area; and a second defect management information
area 1n which second defect management information 1s to
be recorded, the second defect management information
having an 1dentical content to that of the first defect manage-
ment information. The first defect management information

area and the second defect management information area are
located so as to fulfill the relationships of 150°=01=210°

and 150°=02=210°.

02=(D2xN)/(27x1)x360(Mod360)

01=(D1xN)/(27xr)x360(Mod3 60) (1)
(2)

01 1s an angle made by a start block of the first defect
management information area and a start block of the second

02=(D2xN)/(27x1)x360(Mod3 60)
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defect management information area when the user data 1s
recorded 1n the user data area at the first recording density
D1. 02 1s an angle made by the start block of the first defect
management information area and the start block of the sec-
ond defect management information area when the user data
1s recorded 1n the user data area at the second recording
density D2. N 1s a number of blocks existing between the
start block of the first defect management information area
and the start block of the second defect management infor-
mation area. N 1s a natural number. r 1s a radial distance of
the first defect management information area from the center
ol the information recording medium. The method includes
the steps of reproducing the first defect management infor-
mation from the first defect management imformation area;
moving the head section, for recording information recorded
on the information recording medium, by the number of
blocks N from the start block of the first defect management
information area; reproducing the second defect manage-
ment information from the second defect management 1nfor-
mation area; specilying the defect management information
to be used, among the first defect management information
and the second defect management information; and repro-
ducing the user data from the user data area based on the
specified defect management information.

A defect management method for managing a defect area
existing 1n an information recording medium 1s provided
according to the present invention. The information record-
ing medium 1s usable for either a first recording density D1
or a second recording density D2 among a plurality of
recording densities including the first recording density D1
and the second recording density D2. The information
recording medium includes a user data area in which user
data 1s to be recorded; a first defect management information
area 1n which {first defect management information 1s to be
recorded, the first defect management information being for
managing a defect area existing 1n the user data area; and a
second defect management information area in which sec-
ond defect management information 1s to be recorded, the
second defect management information having an identical
content to that of the first defect management information.
The first defect management information area and the sec-
ond defect management information area are located so as to

fulfill the relationships of 150°=01=210° and
150°=02=210°.

01=(D1xN)/ (27xr)x360(Mod3 60) (1)

(2)

01 1s an angle made by a start block of the first defect
management information area and a start block of the second
defect management information area when the user data 1s
recorded in the user data area at the first recording density
D1. 62 1s an angle made by the start block of the first defect
management information area and the start block of the sec-
ond defect management information area when the user data
1s recorded in the user data area at the second recording
density D2. N 1s a number of blocks existing between the
start block of the first defect management information area
and the start block of the second defect management infor-
mation area. N 1s a natural number. r 1s a radial distance of
the first defect management information area from the center
of the information recording medium. The defect manage-
ment method includes the steps of updating defect manage-
ment information; recording the updated defect management
information in the first defect management information area
as the first defect management information; moving the head

02=(D2xN)/ (27x1)x360(Mod3 60)
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section, for recording information on and reproducing infor-
mation from the information recording medium, by the num-
ber of blocks N from the start block of the first defect man-
agement information area; and recording the updated defect
management information 1n the second defect management
information area as second defect management information.

The first recording density D1 may be 75 mm/block, the
second recording density D2 may be 80 mm/block, and the
radial distance r may be 60 mm.

An absolute value of the ratio of the difference between
the first recording density D1 and the second recording den-
sity D2, with respect to the first recording density D1, may
be 0.05 to 0.1.

Thus, the invention described herein makes possible the
advantages of providing a highly reliable information
recording medium having defect management information
arcas located so as to face each other regardless of the
recording density and allowing defects thereol to be man-
aged by a fixed defect management method, an apparatus
and method for recording information on such an informa-
tion recording medium, an apparatus and method for repro-
ducing information from such an information recording
medium, and a defect management method for managing a
defect of such an information recording medium.

These and other advantages of the present mnvention will
become apparent to those skilled 1n the art upon reading and
understanding the following detailed description with refer-
ence to the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a logical structure and a schematic view of a
first information recording medium 101 and a second infor-
mation recording medium 102 according to a first example
of the present invention.

FIG. 2 1s a graph 1llustrating the relationship between the
number of blocks N, and 01 and 02 according to the first
example of the present invention.

FIG. 3 1s a block diagram of a recording and reproduction
apparatus 300 according to the first example of the present
invention.

FIG. 4 shows a reproduction processing procedure
according to the first example of the present invention.

FIG. 5 shows a recording processing procedure according
to the first example of the present mnvention.

FIG. 6 shows a defect management processing procedure
according to the first example of the present mnvention.

FIG. 7 shows a logical structure and a schematic view of a
first information recording medium 701, a second 1informa-
tion recording medium 702 and a third information record-
ing medium 703 according to a second example of the
present invention.

FIG. 8 1s a graph 1illustrating the relationship between the
number of blocks N, and 01, 02 and 03 according to the
second example of the present ivention.

FIG. 9 shows a logical structure of a conventional infor-
mation recording medium 900.

FIG. 10 1s a schematic view of a conventional information
recording medium 1001.

FIG. 11 1s a schematic view of another conventional infor-
mation recording medium 1101.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Heremafiter, the present mvention will be described by
way of illustrative examples with reference to the accompa-
nying drawings.
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EXAMPLE 1
(1) Information Recording Medium

FIG. 1 shows a logical structure and a schematic view of a
first information recording medium 101 and a second infor-
mation recording medium 102 according to a first example
of the present invention.

The first information recording medium 101 1s an exem-
plary medium usable for a first recording density D1 among,
a plurality of recording densities. The second information
recording medium 102 1s an exemplary medium usable for a
second recording density D2 among the plurality of record-
ing densities. D1 and D2 are different from each other. The
first recording density D1 and the second recording density
D2 preferably have such a relationship that an absolute value
of the ratio of the difference between the first recording den-
sity D1 and the second recording density D2, with respect to
the first recording density D1, 1s 0.05 to 0.1. The first infor-
mation recording medium 101 and the second information
recording medium 102 each have a sector structure. In this
specification, the minimum unit of recording/reproduction 1s
one sector or a few sectors. Hereinatter, the minimum unit of
recording/reproduction will be referred to as the “block™,
and the number assigned to each block 1n an ascending order
in the recording/reproduction direction will be referred to as
the “block number”.

The first information recording medium 101 and the sec-
ond information recording medium 102 both include a data
recording area 103, a first disc information area 104, and a
second disc information area 105.

The data recording area 103 includes a user data area 106
in which user data 1s to be recorded, and a spare area 107.
When the user data area 106 has a defect area, the user data
which 1s to be recorded 1n the defect area 1s recorded 1n the
spare arca 107 instead of a portion of the user data arca 106
corresponding to the defect area.

The second disc information area 1035 includes a first
defect management information area 108 having first defect
management information and a second defect management
information area 109 having second defect management
information, both for managing a defect area (for example, a
defect block) existing in the user data area 106 and the spare
area 107 having the user data recorded therein instead of the
defect area. While defect management 1s normally
performed, the content 1n the first defect management infor-
mation and the content 1n the second defect management
information are the same.

As shown 1n FIG. 1, in the first information recording
medium 101 usable for the first recording density D1, the
position of the start block of the first defect management
information area 108 and the position of the start block of
the second defect management information area 109 sub-
stantially face each other with reference to the center of the
first information recording medium 101.

Similarly, 1n the second information recording medium
102 usable for the second recording density D2, the position
of the start block of the first defect management information
arca 108 and the position of the start block of the second
defect management information area 109 substantially face
cach other with reference to the center of the second infor-
mation recording medium 102.

In this specification, the expression “substantially face”
encompasses the case where the angle 0 made by the start
block of the first defect management information area 108
and the start block of the second defect management infor-
mation area 109 1s 180° and also the case where such an
angle 0 1s not 180° but the information can be recorded to
and reproduced from the first defect management informa-
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tion areca 108 and the second defect management informa-
tion area 109 despite one defect. This condition 1s fulfilled
when the angle 0 1s 1n the range of 150°=0=210°.

Where the block number of the start block of the first
defect management information area 108 of the first infor-
mation recording medium 101 1s S1, the block number of the
start block of the second defect management information
areca 109 of the first information recording medium 101 1s
E1, the block number of the start block of the first defect
management information area 108 of the second information
recording medium 102 1s S2, and the block number of the
start block of the second defect management information
area 109 of the second information recording medium 102 1s
E2, E1-S1=E2-S2<N (N 1s a constant natural number).

The principle based on which the above relationship 1s
tulfilled 1n both an information recording medium usable for
the first recording density D1 and an information recording
medium usable for the second recording density D2 among
the plurality of recording densities will be described.

In the first information recording medium 101 usable for
first recording density D1 (mm/block), where an angle made
by the start block of the first defect management information
areca 108 and the start block of the second defect manage-
ment 1nformation area 109 1s 01 (°), the number of blocks
existing between the start block of the first defect manage-
ment information area 108 and the start block of the second
defect management information area 109 i1s N (natural
number), and the radial distance of the first defect manage-
ment information area 108 from the center of the first infor-
mation recording medium 101 1s r (imm), the following rela-
tionship 1s valid.

01=(D1xN)/(2mxr)x360(Mod360) (1)

Similarly, in the second information recording medium
102 usable for the second recording density D2 (mm/block),
where an angle made by the start block of the first defect
management information arca 108 and the start block of the
second defect management information area 109 1s 02 (°),
the number of blocks existing between the start block of the
first defect management information area 108 and the start
block of the second defect management information area
109 1s N (natural number), and the radial distance of the first
defect management information area 108 from the center of
the second information recording medium 102 1s r (mm), the
following relationship 1s valid.

02=(D2xN)/(27x1)x360(Mod3 60) (2)

In order to locate the first defect management information
area 108 and the second defect management information
area 109 so as to substantially face each other regardless of
whether the first recording density D1 or the second record-
ing density D2 1s used, the number of blocks N which fulfills
the relationships of 150°=01=210° and 150°=02=210° 1s
tound. Thus, regardless of whether the first recording density
D1 or the second recording density D2 1s used, the first
defect management information area 108 and the second
defect management information area 109 are located so that
the start block of the former 1s away from the start block of
the latter by N blocks.

As long as the information recording medium 1s usable for
either the first recording density D1 or the second recording
density D2 among the plurality of recording densities, the
defect management information areas 1n such an information
recording medium face each other regardless of whether the
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first recording density D1 or the second recording density
D2 1s used; and 1t 1s not necessary to change the defect
management method 1n accordance with the recording den-
sity. Owing to such a structure, an information recording
medium which 1s highly reliable and can be handled by an
casy defect management method 1s provided.

SPECIFIC EXAMPLE 1

Next, the information recording medium according to the
first example will be described by way of a specific example.

The first recording density D1 was 75 mm/block, the sec-
ond recording density D2 was 80 mm/block, and the radial
distance r was 60 mm. In this case, the expressions (1) and
(2) mentioned above are as follows:

01=(75xN)(271x60)x360(Mod360) (1)

02=(R0xN)(271x60)x360(Mod360) (2')

01 and 02 were obtained from expressions (1') and (2')
with the range of N being 1 through 100.

FIG. 2 1s a graph illustrating the relationship between the
number of blocks N, and 01 and 02 according to the first
example. More specifically, FIG. 2 shows 01 (#) fulfilling
90°=01=270° and 02 ([]) fulfilling 90°=02=2770° plotted
when N 1s 1n the range of 1 through 100. From FIG. 2, 1t was
found that the relationships of 150°=01=210° and
150°=02=210° are fulfilled when the number of blocks N 1s
68, 73 and 78.

Accordingly, when the number of blocks N existing
between the start block of the first defect management infor-
mation area 108 and the start block of the second defect
management information area 109 1s 68, 73 or 78, the first
defect management information area 108 and the second
defect management information area 109 substantially face

cach other, regardless of whether the first recording density
(D1=75 mm/block) or the second recording density (D2=80

mm/block) 1s used.
In the specific example 1, N 1s 1n the range of 1 through

100, but N 1s not limited to this range. Even when N exceeds
100, the number of blocks N (N>100) which fulfills the rela-

tionships of 150°=01=210° and 150°=02=210° can be
obtained by finding 01 and 02 in a similar manner.

In the first example, linear replacement algorithm 1s
described, by which when a defect area exists in the user
data area 106, the user data which 1s to be recorded 1n the
defect area 1s recorded 1n the spare area 107 instead of the
portion of the user data area 106 corresponding to the defect
area. The present mvention i1s not limited to this. Slipping
algorithm 1s usable without providing the spare area 107 1n
the mformation recording medium. In this case, the defect
management information only manages the defect area
existing 1n the user data area 106.

(2) Reproduction/Recording/Defect Management

FIG. 3 1s a block diagram of a recording and reproduction
apparatus 300 according to the first example of the present
invention. The recording and reproduction apparatus 300
records information on an information recording medium
301 according to the first example and/or reproduces infor-
mation recorded on the information recording medium 301.

The recording and reproduction apparatus 300 includes a
control section 302 and a head section 303.

The control section 302 includes a firmware program stor-
ing section 304, a central processing unit 305, a memory
section 306, and a recording and reproduction control sec-
tion 307. The firmware program storing section 304 stores
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an operation program for the central processing unit 305.
The central processing unit 305 interprets and executes the
operation program stored in the firmware program storing
section 304. The memory section 306 stores information to
be recorded on the information recording medium 301 and/
or stores information reproduced from the information
recording medium 301. The memory section 306 can be, for
example, a random access memory (RAM). The recording
and reproduction control section 307 reads, from the
memory section 306, information to be recorded on the
information recording medium 301 and/or writes, 1n the
memory section 306, information reproduced from the infor-
mation recording medium 301.

The head section 303 includes a head 308. The head 308
emits laser light so as to write information on the informa-
tion recording medium 301 as a signal and/or read informa-
tion written on the mformation recording medium 301 as a
signal.
<Reproduction>

Next, a reproduction operation of the recording and repro-
duction apparatus 300 will be described.

The central processing unit 305 interprets and executes a
program regarding a reproduction operation in the operation
program stored 1n the firmware program storing section 304.
Based on the program, the central processing unit 305
instructs the recording and reproduction control section 307
to reproduce the first and second defect management infor-
mation from the first defect management information area
108 and the second defect management information area 109
of the imnformation recording medium 301.

The recording and reproduction control section 307
instructs the head 308 of the head section 303 to reproduce
first management information from the first defect manage-
ment information area 108 of the information recording
medium 301. The head 308 reproduces the first defect man-
agement information, and then the recording and reproduc-
tion control section 307 stores the reproduced first detect
management information in the memory section 306.

The number of blocks existing between the start block of
the first defect management information area 108 and the
start block of the second defect management information
area 109 1s N. Therefore, the recording and reproduction
control section 307 moves the head 308 by N blocks from
the start block of the first defect management information
arca 108 1n the ascending direction of the block number.

The recording and reproduction control section 307
instructs the head 308 to reproduce second management
information from the second defect management informa-
tion arca 109. The head 308 reproduces the second defect
management information, and then the recording and repro-
duction control section 307 stores the reproduced second
defect management information 1n the memory section 306.

The central processing unit 305 reads the first defect man-
agement information and the second defect management
information stored 1n the memory section 306, and specifies
which unit of defect management information 1s the defect
management information to be used. The defect manage-
ment information to be used can be specified by, for
example, referring to a value of a first update counter
included 1n the first defect management information and a
value of a second update counter included in the second
defect management information. When the value of the first
update counter matches the value of the second update
counter, either defect management information can be
adopted. When the value of the first update counter does not
match the value of the second update counter, the defect
management information mcluding the update counter hav-
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ing a larger value 1s adopted. The above-mentioned method
for specilying the defect management information 1s merely
exemplary.

Based on the specified defect management information,
the central processing unit 305 instructs the recording and
reproduction control section 307 to reproduce the user data
from the information recording medium 301. The recording
and reproduction control section 307 instructs the head 308
to reproduce the user data from the user data area 106, and
when the user data area 106 includes a defect area, also from
the spare area 107. The recording and reproduction control
section 307 stores the user data reproduced 1n this manner 1n
the memory section 306.

Next, a processing procedure of reproducing information
recorded on the information recording medium according to
the first example will be described.

FIG. 4 shows a reproduction processing procedure
according to the first example. The reproduction processing
1s executed by the control section 302. Hereinatter, the
reproduction processing procedure will be described step by
step.

Step S401: The first defect management information 1s
reproduced from the first defect management information
arca 108. The reproduced first defect management informa-
tion 1s stored in the memory section 306.

Step S402: The head 308 moves by N blocks from the
start block of the first defect management information area
108 1n the ascending direction of the block number, 1n order
to reproduce the second defect management information.
According to the first example, the number of blocks exist-
ing between the start block of the first defect management
information area 108 and the start block of the second defect
management information area 109 1s N, regardless of
whether the first recording density D1 or the second record-
ing density D2 i1s used. Therefore, the head 308 can direct
the laser light to the start block of the second defect manage-
ment information area 109 without fail, and thus does not
scan a wrong area as the second defect management infor-
mation area 109.

Step S403: The second defect management information 1s
reproduced from the second defect management information
area 109. The reproduced second defect management infor-
mation 1s stored in the memory section 306.

Step S404: The defect management information to be
used 1s specified from the reproduced first defect manage-
ment information and the reproduced second defect manage-
ment mformation by the central processing umt 305. The
defect management information to be used can be specified
using the update counters as described above.

Step S405: The user data 1s reproduced based on the
specified defect management information. More specifically,
based on the specified defect management information, the
head 308 reproduces the user data area 106 and, when the

user data area 106 includes a defect area, also from the spare
area 107.

In the first example, linear replacement algorithm 1s
described, by which when a defect area exists 1n the user
data area 106, the user data which 1s to be recorded 1n the
defect area 1s recorded 1n the spare area 107 instead of the
portion of the user data area 106 corresponding to the defect
area. The present mvention 1s not limited to this. Slipping
algorithm 1s usable without providing the spare area 107 1n
the information recording medium. In this case, 1 step
S405, the head 308 reproduces the user data from the user
data area 106 based on the specified defect management
information.
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<Recording>

Next, returning to FIG. 3, a recording operation of the
recording and reproduction apparatus 300 will be described.

The central processing unit 305 interprets and executes a
program regarding a recording operation in the operation
program stored in the firmware program storing section 304.
Based on the program, the central processing unit 305
instructs the recording and reproduction control section 307
to reproduce information in the first defect management
information area 108 and the second defect management
information area 109 of the information recording medium
301. The operation of reproducing the first defect manage-
ment mformation and the second defect management infor-
mation and specifying the defect management information
to be used 1s the same as that of the reproduction operation,
and will not be described below.

Based on the specified defect management information,
the central processing unit 3035 instructs the recording and
reproduction control section 307 to record, on the informa-
tion recording medium 301, the information to be recorded
which 1s stored 1n the memory section 306. The recording
and reproduction control section 307 reads the information
to be recorded from the memory section 306, and 1nstructs
the head 308 to record the read information 1n the user data
arca 106.

While the head 308 records the information in the user
data area 106, the central processing unit 305 determines
whether or not there 1s another defect area in the user data
arca 106.

When the central processing unit 305 determines that
there 1s another defect area 1n the user data area 106, the
central processing unit 305 updates the defect management
information stored in the memory section 306. Next, based
on the updated defect management information, the central
processing unit 305 1nstructs the recording and reproduction
control section 307 to record the user data on the information
recording medium 301. Based on the updated defect man-
agement information, the recording and reproduction control
section 307 instructs the head 308 to record, in the spare area
107, the information to be recorded 1n the defect area.

When the central processing unit 3035 determines that
there 1s no more defect area 1n the user data area 106, the
recording processing 1s terminated. The above-described
determination on whether or not there 1s another defect area
1s performed by comparing a signal reproduced immediately
alter the user data 1s recorded with a signal showing the user
data to be recorded. When these signals match each other, 1t
1s determined that the user data has been normally recorded
in the user data area 106. When these signals do not match
each other, it 1s determined that the user data has not been
normally recorded in the user data area 106 and there 1s
another defect area 1n the user data area 106. Such a determi-
nation 1s performed block by block.

Next, a processing procedure of recording information on
the information recording medium according to the first
example will be described.

FIG. 5 shows a recording processing procedure according,
to the first example. The recording processing 1s executed by
the control section 302. Hereinafter, the recording process-
ing procedure will be described step by step.

Steps S501 through S504 are the same as those of steps
S401 through S404 in FIG. 4, and will not be described
below.

Step S305: Based on the specified defect management
information, the user data i1s recorded on the information
recording medium 301.

Step S506: It 1s determined whether or not there 1s another
defect area 1n the user data area 106. When it 1s determined



US RE41,640 E

15

that there 1s another delfect area 1n the user data area 106, the
processing goes to step S307. When 1t 1s determined that
there 1s no more defect area in the user data area 106, the
user data 1s normally recorded 1n the user data area 106, and
the recording processing 1s terminated.

Step S507: When it 1s determined that there 1s another
defect area 1n the user data area 106, the defect management
information specified in step S504 1s updated. The update of
the defect management information 1s performed by, for
example, newly recording the information regarding the
defect area 1n the user data area 106 and information regard-
ing the spare area 107 in which the information is recorded
instead of the another defect area (for example, a spare list).
The mformation regarding the defect area in the user data
area 106 and the information regarding the spare area 107
can be, for example, block position information.

Step S508: Based on the updated defect management
information, the user data, which 1s to be recorded i1n the
another defect area, 1s recorded 1n the spare area.

In the first example, linear replacement algorithm 1s
described, by which when a defect area exists in the user
data area 106, the user data which 1s to be recorded 1n the
defect area 1s recorded 1n the spare area 107 instead of the
portion of the user data area 106 corresponding to the defect
area. The present mvention 1s not limited to this. Slipping
algorithm 1s usable without providing the spare area 107 1n
the mformation recording medium. In this case, the defect
management information 1s updated 1n step S507 by newly
recording the information regarding the defect area in the
user data area 106 and information regarding a portion of the
user data area 106 1n which the information i1s recorded
instead of the another defect area (for example, a slip list).
<Defect Management>

Next, returming again to FIG. 3, a defect management
operation of the recording and reproduction apparatus 300
will be described. The defect management operation 1s per-
formed when 1t 1s determined 1n step S507 1n FIG. 5 that
there 1s another defect area 1n the user data area 106. The
defect management operation 1s the same as that of the
recording operation described with reference to FIG. 3, up to
the point where the defect management information 1s
updated.

When the defect management information 1s updated, the
central processing unit 305 instructs the recording and repro-
duction control section 307 to record the updated defect
management information on the mmformation recording
medium 301.

The recording and reproduction control section 307
instructs the head 308 of the head section 303 to record the
updated defect management information in the first defect
management information area 108 of the information
recording medium 301 as {irst defect management informa-
tion. The head 308 records the updated defect management
information in the first defect management information area
108 as the first defect management information.

According to the first example, the number of blocks
existing between the start block of the first defect manage-
ment information area 108 and the start block of the second
efect management information area 109 1s N. Therelore,
ne recording and reproduction control section 307 moves

C
t
the head 308 by N blocks from the start block of the first
C

efect management information area 108 1n the ascending
direction of the block number. In consequence, the head 308
can direct the laser light to the start block of the second
defect management information area 109 without fail, and
thus does not record the updated defect management infor-
mation 1 a wrong area as the second defect management
information area 109.
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The recording and reproduction control section 307
instructs the head 308 to record the updated defect manage-
ment information in the second management information
area 109 as second defect management information.

Next, a defect management processing procedure accord-
ing to the first example will be described.

FIG. 6 shows a defect management processing procedure
according to the first example. The defect management pro-
cessing 1s executed by the control section 302. Heremafter,
the defect management processing procedure will be
described step by step.

Step S601 15 the same as those of step S307 in FIG. 5, and
will not be described below.

Step S602: The updated defect management information
1s recorded 1n the first defect management information area
108 as the first defect management information.

Step S603: The head 308 moves by N blocks from the
start block of the first defect management information area
108 1n the ascending direction of the block number, in order
to record the updated defect management information in the
second defect management information area 109.

Step S604: The updated defect management information
1s recorded 1n the second defect management information
area 109 as the second defect management information.

According to the first example, regardless of whether the
first recording density D1 or the second recording density
D2 1s used, the first defect management information area 108
and the second defect management information area 109 are
located such that the start blocks thereof are always away
from each other by N blocks. Accordingly, an identical
recording method, reproduction method and defect manage-
ment method can be used for an information recording
medium usable for either the first recording density D1 or
the second recording density D2 among the plurality of
recording densities.

EXAMPLE 2

In the first example, an information recording medium
usable for either the first recording density D1 or the second
recording density D2 among a plurality of recording densi-
ties has been described. The present invention 1s not limited

to this. In a second example of the present invention, an
information recording medium usable for one of three or
more recording densities will be described.

FIG. 7 shows a logical structure and a schematic view of a
first information recording medium 701, a second informa-
tion recording medium 702, and a third information record-
ing medium 703 according to the second example of the
present invention. FIG. 7 shows the recording media usable
for three different recording densities for the sake of simplic-
ity.

The first information recording medium 701 1s an exem-
plary medium usable for a first recording density D1 among
three recording densities. The second 1information recording
medium 702 1s an exemplary medium usable for a second
recording density D2 among three recording densities. The
third information recording medium 703 1s an exemplary
medium usable for a third recording density D3 among three
recording densities. D1, D2 and D3 are different {from one
other. As 1n the first example, the first information recording
medium 701, the second information recording medium 702
and the third information recording medium 703 each have a
sector structure. In this specification, as described above, the
minimum unit of recording/reproduction 1s one sector or a
few sectors. Hereinaiter, the mimimum unit of recording/
reproduction will be referred to as the “block™, and the num-
ber assigned to each block 1 an ascending order in the
recording/reproduction direction will be referred to as the
“block block™.
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The first information recording medium 701, the second
information recording medium 702 and the third informa-
tion recording medium 703 each include a data recording
area 704, a first disc information area 705, and a second disc
information area 706.

The data recording area 704 includes a user data area 707
in which user data 1s to be recorded, and a spare areca 708.
When the user data area 707 has a defect area, the user data
which 1s to be recorded 1n the defect area 1s recorded 1n the
spare area 708 instead of a portion of the user data area 707
corresponding to the defect area.

The second disc information area 706 includes a first
defect management information area 709 having first defect
management information and a second defect management
information area 710 having second defect management
information, both for managing a defect area (for example, a
defect block) existing in the user data area 707 and the spare
area 708 having the user data recorded therein instead of the
defect areca. While defect management 1s normally
performed, the content in the first defect management 1nfor-
mation and the content in the second defect management
information are the same.

As shown 1 FIG. 7, in the first information recording
medium 701 usable for the first recording density D1, the
position of the start block of the first defect management
information area 709 and the position of the start block of
the second defect management information area 710 sub-
stantially face each other with reference to the center of the
first information recording medium 701.

Similarly, 1n the second information recording medium
702 usable for the second recording density D2, the position
of the start block of the first defect management information
area 709 and the position of the start block of the second
defect management information area 710 substantially face
cach other with reference to the center of the second infor-
mation recording medium 702.

Again similarly, i the third information recording
medium 703 usable for the third recording density D3, the
position of the start block of the first defect management
information area 709 and the position of the start block of
the second defect management information area 710 sub-
stantially free each other with reference to the center of the
third information recording medium 703.

In this specification, as described above, the expression
“substantially face” encompasses the case where the angle 0
made by the start block of the first defect management infor-
mation area 709 and the start block of the second defect
management information area 710 1s 180° and also the case
where such an angle 0 1s not 180° but the information can be
recorded to and reproduced from the first defect manage-
ment information area 709 and the second defect manage-
ment information area 710 despite one defect. This condition
1s fulfilled when the angle 0 1s in the range of
150°=0=210°.

Where the block number of the start block of the first
defect management information area 709 of the first infor-
mation recording medium 701 1s S1, the block number of the
start block of the second defect management information
area 710 of the first information recording medium 701 1s
E1, the block number of the start block of the first defect
management information area 709 of the second information
recording medium 702 1s S2, the block number of the start
block of the second defect management information area
710 of the second 1information recording medium 702 1s E2,
the block number of the start block of the first defect man-

agement mformation area 709 of the third information
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recording medium 703 1s S3, and the block number of the
start block of the second defect management 1information
area 710 of the third information recording medium 703 1s
E3, E1-S1=E2-52=E3-S3=N (N 1s a constant natural
number).

The principle based on which the above relationship 1s
tulfilled 1n any imformation recording media usable for any
of n (n=3, n 1s a natural number) recording densities will be

described.

In the first information recording medium 701 usable for
the first recording density D1 (mm/block), where an angle
made by the start block of the first defect management infor-
mation area 709 and the start block of the second defect
management information area 710 1s 01 (°), the number of
blocks existing between the start block of the first defect
management information area 709 and the start block of the
second defect management information area 710 1s N
(natural number), and the radial distance of the first defect
management information areca 709 from the center of the
first information recording medium 701 1s r (mm), the fol-
lowing relationship 1s valid.

01=(D1xN)/(27x1)x360(Mod360) (1)

Similarly, 1 the second information recording medium

702 usable for the second recording density D2 (mm/block),
where an angle made by the start block of the first defect
management information area 709 and the start block of the
second defect management information area 710 1s 02 (°),
the number of blocks existing between the start block of the
first defect management information area 709 and the start
block of the second defect management imformation area
710 1s N (natural number), and the radial distance of the first
defect management information area 709 from the center of
the second information recording medium 702 1s r (mm), the
following relationship 1s valid.

02=(D2xN)/(27x1)x360(Mod360) (2)

Again similarly, 1n the n’th information recording
medium usable for the n’th recording density Dn (mmy/
block), the following relationships are valid.

03=(D3xN)/(27x1)x360(Mod3 60) (3)
(k)

(n)

Ok=(DkxN)/(2axr)x360(Mod360)

On=(DnxN)/(2axr)x360(Mod360)

Here, k 1s a natural number fulfilling 1=k=n (n=3,n1s a
natural number).

In order to locate the first defect management information
arca 709 and the second defect management information
area 710 so as to substantially face each other regardless of
which of the first to n’th recording densities 1s used, the
number of blocks N which fulfills the relationships of
150°=01, 02, . . ., 0k, ..., On=210° 1s found. Thus,
regardless of which of the first to n’th recording densities 1s
used, the first defect management information area 709 and
the second defect management imformation areca 710 are
located so that the start block of the former 1s away from the
start block of the latter by N blocks.

As long as the information recording medium 1s usable for
any of the first to n’th recording densities, the defect man-
agement mnformation areas in such an information recording
medium face each other regardless of which of the first to
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n’th recording densities 1s used; and 1t 1s not necessary to
change the defect management method 1n accordance with
the recording density. Owing to such a structure, an informa-
tion recording medium which 1s highly reliable and can be
handled by an easy defect management method 1s provided.

SPECIFIC EXAMPLE 2

Next, the information recording medium according to the
second example will be described by way of a specific
example with reference to FIG. 7. In the specific example 2,
n=3.

The first recording density D1 was 66.4 mm/block, the
second recording density D2 was 72.7 mm/block, the third
recording density D3 was 77.0 mm/block, and the radial

distance r was 38 mm. In this case, the expressions (1), (2)
and (3) mentioned above are as follows:

01=(66.4xN)/(271x58)x360(Mod360) (1")
(2")

(3")

02=(71.7xN)/(271x58)x360(Mod360)

03=(77.0xN)/(27x58)x360(Mod360)

01, 02 and 03 were obtained from expressions (1'), (2"),
and (3"), with the range of N being 1 through 200.

FIG. 8 1s a graph 1illustrating the relationship between the
number of blocks N, and 01, 02 and 03 according to the
second example. More specifically, FIG. 8 shows 01 (#)
tulfilling 90°=1=270°, 02 (W) tulfilling 90°=02=270°,
and 63 (A) fulfilling 90°=63=270° plotted when N i1s in the
range of 1 through 200. From FIG. 8, 1t was found that the
relationships of 150°=01=210°, 150°=02<210° and
150°=03=210° are fulfilled when the number of blocks N 1s
69 and 140.

Accordingly, when the number of blocks N existing
between the start block of the first defect management infor-
mation area 709 and the start block of the second defect
management information area 710 1s 69 or 140, the first
defect management information area 709 and the second
defect management information area 710 substantially face
cach other whichever of the first recording density (D1=66.4
mm/block), the second recording density (D2=71.7
mm/block) or the third recording density (D3=77.0
mm/block) 1s used.

In the specific example 2, N 1s 1n the range of 1 through

200, but N 1s not limited to this range. Even when N exceeds
200, the number of blocks N (N>200) which fulfills the rela-

tionships of 150°=01=210°, 150°=02=210° and
150°=03=210° can be obtained by finding 01, 02 and 03 1n
a similar manner.

A recording and reproduction apparatus for recording
information on the imformation recording medium according
to the second example and/or reproducing information
recorded on the mnformation recording medium 1s 1dentical
to the recording and reproduction apparatus 300 described
with reference to FIG. 3 1n the first example, and will not be
described below. There production processing procedure,
recording processing procedure, and defect management
processing procedure for the information recording medium
in the second example are also 1dentical to those described 1n
the first example with reference to FIGS. 4, 5 and 6, and will
not be described below.

An information recording medium according to the
present mnvention 1s usable for either a first recording density
D1 or a second recording density D2 among a plurality of
recording densities including the first recording density D1
and the second recording density D2. The information
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recording medium 1includes a user data area in which user
data 1s to be recorded; a first defect management information
area 1n which first defect management information 1s to be
recorded, the first defect management information being for
managing a defect area existing 1n the user data area; and a
second defect management information area 1n which sec-

ond defect management information 1s to be recorded, the
second defect management information having an identical
content to that of the first defect management information.
Regardless of whether the first recording density D1 or the
second recording density D2 1s used, the first defect manage-
ment information area and the second defect management
information area are located so as to fulfill the relationships

0f 150°=01=210° and 150°02=210°. Here,

01=(D1xN)/(27xr)x360(Mod3 60)
02=(D2xN)/(27x1)x360(Mod3 60)

(1), and
(2).

01 1s an angle made by a start block of the first defect
management information area and a start block of the second
defect management information area when the user data 1s
recorded in the user data area at the first recording density
D1. 02 1s an angle made by the start block of the first defect
management information area and the start block of the sec-
ond defect management information area when the user data
1s recorded 1n the user data area at the second recording
density D2. N 1s a number of blocks existing between the
start block of the first defect management imnformation area
and the start block of the second defect management infor-
mation area, N being a natural number. r 1s a radial distance
of the first defect management information area from the
center of the information recording medium.

The first defect management information area and the sec-
ond defect management information area are located so as to
face each other in the information recording medium.
Therefore, even when the information recording medium has
a defect area, information can normally be recorded 1n or
reproduced from at least one of the defect management
information areas. This improves the reliability of the infor-
mation recorded in the user data area. Since the defect man-
agement mformation areas are located at fixed positions
regardless of the recording density, 1t 1s not necessary to
change the defect management method in accordance with
the recording density. This facilitates the defect management
processing.

Various other modifications will be apparent to and can be
readily made by those skilled 1n the art without departing
from the scope and spirit of this invention. Accordingly, it 1s
not imntended that the scope of the claims appended hereto be
limited to the description as set forth herein, but rather that
the claims be broadly construed.

What 1s claimed 1s:

1. An information recording medium usable for either a
first recording density D1 or a second recording density D2
among a plurality of recording densities including the first
recording density D1 and the second recording density D2,
the information recording medium comprising:

a user data area 1n which user data is to be recorded:;

a first defect management information area in which first
defect management imnformation 1s to be recorded, the
first defect management information being for manag-
ing a defect area existing 1n the user data area; and

a second defect management imnformation area in which
second defect management information 1s to be
recorded, the second defect management information
having an 1dentical content to that of the first defect
management information,
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wherein:

the first defect management information area and the sec-
ond defect management information area are located so

as to fulfill the relationships of 150°=01=210° and
150°=02=210°, where:

01=(D1xN)/ (27xr)x360(Mod3 60) (1),

02=(D2xN)/(2nx1)x360(Mod360) (2),

01 i1s an angle made by a start block of the first defect
management information area and a start block of the
second defect management information area when the
user data 1s recorded 1n the user data area at the first
recording density D1,

02 1s an angle made by the start block of the first defect
management information area and the start block of the
second defect management information area when the
user data 1s recorded 1n the user data area at the second
recording density D2,

N 1s a number of blocks existing between the start block
of the first defect management information area and the
start block of the second defect management 1informa-
tion area, N being a natural number, and

r 1s a rachal distance of the first defect management infor-
mation area from the center of the information record-
ing medium.

2. An mformation recording medium according to claim

1, wherein the first recording density D1 1s 75 mm/block, the
second recording density D2 1s 80 mm/block, and the radial
distance r 1s 60 mm.

3. An mformation recording medium according to claim
1, wherein an absolute value of the ratio of the difference
between the first recording density D1 and the second
recording density D2, with respect to the first recording den-
sity D1, 1s 0.05 to 0.1.

4. An apparatus for recording information on an informa-
tion recording medium, the information being recorded at
either a first recording density D1 or a second recording
density D2 among a plurality of information densities
including the first recording density D1 and the second
recording density D2, the immformation recording medium
comprising;

a user data area 1n which user data 1s to be recorded;

a {irst defect management information area in which first
defect management information 1s to be recorded, the
first defect management information being for manag-
ing a defect area existing 1n the user data area; and

a second defect management information area in which
second defect management mmformation 1s to be
recorded, the second defect management information
having an identical content to that of the first defect
management information,

wherein:

the first defect management information area and the sec-
ond defect management information area are located so

as to fulfill the relationships of 150°=01=210° and
150°=02=210°, where:

01=(D1xN)/ (27x1)x360(Mod3 60) (1),

02=(D2xN)/ (27x1)x360(Mod3 60) (2),

01 1s an angle made by a start block of the first defect
management information area and a start block of the
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second defect management information area when the
user data 1s recorded in the user data area at the first
recording density D1,

02 1s an angle made by the start block of the first defect
management information area and the start block of the
second defect management mnformation area when the
user data 1s recorded 1n the user data area at the second
recording density D2,

N 1s a number of blocks existing between the start block
of the first defect management information area and the
start block of the second defect management 1nforma-
tion area, N being a natural number, and

r 1s a radial distance of the first defect management infor-
mation area from the center of the information record-
ing medium,

the apparatus comprising:

a head section for recording the information on and repro-
ducing the imnformation from the mformation recording
medium; and

a control section for controlling an operation of the head
section,

wherein:

the control sections controls the operation of the head
section, such that the head section reproduces the first
defect management information from the first defect
management information area, moves by the number of
blocks N from the start block of the first defect manage-
ment information area, and reproduces the second
defect management information from the second defect
management information area, and

the control section specifies defect management informa-
tion to be used, among the first defect management
information and the second defect management
information, and controls the operation of the head sec-
tion such that the head section records the user data in
the user data area based on the specified defect manage-
ment information.

5. An apparatus according to claim 4, wherein the control
section determines whether or not there 1s another defect
area 1n the user data area; and when determining that there 1s
another defect area, the control section updates the defect
management information and controls the operation of the
head section such that the head section records the user data
in a portion of the user data area which 1s different from the
another defect area, based on the updated defect manage-
ment information.

6. An apparatus for reproducing information recorded on
an information recording medium, the information being
recorded at either a first recording density D1 or a second
recording density D2 among a plurality of recording densi-
ties including the first recording density D1 and the second
recording density D2, the information recording medium
comprising;

a user data area 1n which user data is to be recorded:;

a first defect management information area in which first
defect management imnformation 1s to be recorded, the
first defect management information being for manag-
ing a defect area existing 1n the user data area; and

a second defect management imformation area in which
second defect management information 1s to be
recorded, the second defect management information
having an identical content to that of the first defect
management information,

wherein:

the first defect management information area and the sec-
ond defect management information area are located so
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as to fulfill the relationships of 150°=01=210° and
150°=02=210°, where:

01=(D1xN)/ (27x1)x360(Mod3 60) (1),

02=(D2xN)/ (27x1)x360(Mod3 60) (2),

01 1s an angle made by a start block of the first defect
management information area and a start block of the
second defect management information area when the
user data 1s recorded i the user data area at the first
recording density D1,

02 1s an angle made by the start block of the first defect
management information area and the start block of the
second defect management information area when the
user data 1s recorded 1n the user data area at the second
recording density D2,

N 1s a number of blocks existing between the start block
of the first defect management information area and the
start block of the second defect management 1nforma-
tion area, N being a natural number, and

r 1s a radial distance of the first defect management infor-
mation area from the center of the information record-
ing medium,

the apparatus comprising:

a head section for reproducing the information recorded
on the information recording medium; and

a control section for controlling an operation of the head
section,

wherein:

the control section controls the operation of the head
section, such that the head section reproduces the first
defect management information from the first defect
management information area, moves by the number of
blocks N from the start block of the first defect manage-
ment information area, and reproduces the second
defect management information from the second defect
management information area, and

the control section specifies defect management informa-
tion to be used, among the first defect management
information and the second defect management
information, and controls the operation of the head sec-
tion such that the head section reproduces the user data
from the user data area based on the specified defect
management information.

7. A method for recording information on an information
recording medium, the information being recorded at either
a first recording density D1 or a second recording density D2
among a plurality of recording densities including the first
recording density D1 and the second recording density D2,
the information recording medium comprising;

a user data area 1n which user data 1s to be recorded;

a first defect management information area in which first
defect management information 1s to be recorded, the
first defect management information being for manag-
ing a defect area existing 1n the user data area; and

a second defect management information area in which
second defect management mformation 1s to be
recorded, the second defect management information
having an identical content to that of the first defect
management information,

wherein:

the first defect management information area and the sec-
ond defect management information area are located so
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as to fulfill the relationships of 150°=01=210° and
150°=02=210°, where:

01=(D1xN)/(2mxr)x360(Mod360) (1),

02=(D2xN)/(27x1)x360(Mod360) (2),

01 1s an angle made by a start block of the first defect
management information area and a start block of the
second defect management mformation area when the
user data 1s recorded in the user data area at the first
recording density D1,

02 1s an angle made by the start block of the first defect
management information area and the start block of the
second defect management information area when the
user data 1s recorded 1n the user data area at the second
recording density D2,

N 1s a number of blocks existing between the start block
of the first defect management information area and the
start block of the second defect management informa-
tion area, N being a natural number, and

r 1s a radial distance of the first defect management infor-
mation area from the center of the information record-
ing medium,

the method comprising the steps of:

reproducing the first defect management information
from the first defect management information area;

moving the head section, for recording information on and
reproducing information from the information record-
ing medium, by the number of blocks N from the start
block of the first defect management information area;

reproducing the second defect management information
from the second defect management information area;

specifving the defect management information to be used,
among the first defect management information and the
second defect management information; and

recording the user data in the user data area based on the
specified defect management information.
8. A method according to claim 7, wherein the step of

recording includes the steps of:

determining whether or not there 1s another defect area 1n
the user data area;

updating the defect management imnformation when 1t 1s
determined that there 1s another defect area; and

recording the user data 1n a portion of the user data area
which 1s different from the another defect area, based
on the updated defect management information.

9. A method for reproducing information recorded on an

information recording medium, the information being
recorded at either a first recording density D1 or a second
recording density D2 among a plurality of recording densi-
ties including the first recording density D1 and the second
recording density D2, the information recording medium
comprising;

a user data area 1n which user data 1s to be recorded:;

a first defect management information area in which first
defect management information 1s to be recorded, the
first defect management information being for manag-
ing a defect area existing 1n the user data area; and

a second defect management imnformation area in which
second defect management information 1s to be
recorded, the second defect management information
having an 1dentical content to that of the first defect
management information,
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wherein:

the first defect management information area and the sec-
ond defect management information area are located so

as to fulfill the relationships of 150°=01=210° and
150°=02=210°, where:

01=(D1xN)/ (27x1)x360(Mod3 60) (1),

02=(D2xN)/ (27x1)x360(Mod3 60) (2),

01 1s an angle made by a start block of the first defect
management information area and a start block of the
second defect management information area when the
user data 1s recorded in the user data area at the first

recording density D1,

02 1s an angle made by the start block of the first defect
management information area and the start block of the
second defect management information area when the
user data 1s recorded 1n the user data area at the second
recording density D2,

N 1s a number of blocks existing between the start block
of the first defect management information area and the
start block of the second defect management 1informa-
tion area, N being a natural number, and

r 1s a rachal distance of the first defect management infor-
mation area from the center of the information record-
ing medium,

the method comprising the steps of:

reproducing the first defect management information
from the first defect management information area;

moving the head section, for reproducing information
recorded on the mformation recording medium, by the
number of blocks N from the start block of the first

defect management information area;

reproducing the second defect management imnformation
from the second defect management information area;

speciiying the defect management information to be used.,
among the first defect management information and the
second defect management information; and

reproducing the user data from the user data area based on

the specified defect management information.

10. A defect management method for managing a defect
area existing in an iformation recording medium, which 1s
usable for eirther a first recording density D1 or a second
recording density D2 among a plurality of recording densi-
ties including the first recording density D1 and the second
recording density D2, the imnformation recording medium
comprising;

a user data area 1n which user data 1s to be recorded;

a first defect management information area in which first
defect management imnformation 1s to be recorded, the
first defect management information being for manag-
ing a defect area existing 1n the user data area; and

a second defect management information area in which
second defect management mmformation 1s to be
recorded, the second defect management information
having an identical content to that of the first defect
management information,

wherein:

the first defect management information area and the sec-

ond defect management information area are located so
as to fulfill the relationships of 150°=01=210° and

150°=02=210°, where:
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01=(D1xN)/(27x1)x360(Mod3 60) (1),

02=(D2xN)/(27x1)x360(Mod360) (2),
01 1s an angle made by a start block of the first defect
management information area and a start block of the

second defect management mnformation area when the
user data 1s recorded 1n the user data area at the first

recording density D1,

02 1s an angle made by the start block of the first defect
management information area and the start block of the
second defect management mnformation area when the
user data 1s recorded 1n the user data area at the second
recording density D2,

N 1s a number of blocks existing between the start block
of the first defect management information area and the

start block of the second defect management 1nforma-
tion area, N being a natural number, and

r 1s a radial distance of the first defect management infor-
mation area from the center of the information record-
ing medium,

the defect management method comprising the steps of:

updating defect management information;

recording the updated defect management mnformation 1n
the first defect management information area as the first
defect management information;

moving the head section, for recording information on and
reproducing iformation from the iformation record-
ing medium, by the number of blocks N from the start
block of the first defect management information area;
and

recording the updated defect management information 1n
the second defect management information area as sec-
ond defect management information.

11. A defect management method according to claim 10,
wherein the first recording density D1 1s 75 mm/block, the
second recording density D2 1s 80 mm/block, and the radial
distance r 1s 60 mm.

12. A defect management method according to claim 10,
wherein an absolute value of the ratio of the difference
between the first recording density D1 and the second
recording density D2, with respect to the first recording den-
sity D1, 15 0.05 to 0.1.

13. A method for determining a location of a defect man-
agement area of an information recorvding medium,

the information vecording medium comprising:
a user data area in which user data is to be recorded;

a first defect management information avea in which first
defect management information is to be vecorded, the
first defect management information being for manag-
ing a defect area existing in the user data avea; and

a second defect management information arvea in which
second defect management information is to be

recovded, the second defect management information
having an identical content to that of the first defect
management information;

wherein:

01 is an angle made by a start block of the first defect
management information arvea and a start block of the
second defect management information area when the
user data is rvecovded in the user data avea at a first

recording density DI,
02 is an angle made by the start block of the first defect

management information arvea and the start block of the
second defect management information area when the
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user data is recorvded in the user data area at a second
recorvding density D2,

N is a number of blocks existing between the start block of
the first defect management information area and the
start block of the second defect management informa-
tion area, N being a natural number,

N in a first information recovding medium recovded at the
fivst vecorvding density DI and N in a second informa-
tion recording medium vecorded at the second record-
ing density D2 ave the same value, and

the location of the first defect management information

area and the location of the second defect management

information area in the first information recorvding

medium and the second information recovding medium

are determined so as to satisfy the relationships of
150°<01<210° and 150°<02<210°.

14. A method for reproducing data vecorded on an infor-

mation recovding medium in which a location of a defect
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management area is determined by the method accorvding to
claim 13,

the method comprising:

reproducing the first defect management information from
the first defect management area; or

reproducing the second defect management information
from the second defect management area.

15. A method for recording data on an information

recording medium in which a location of a defect manage-

ment area is determined by the method according to claim

13,
the method comprising:

recorvding the first defect management information on the
fivst defect management area; or

recording the second defect management information on
the second defect management area.
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