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& medium are disclosed. The method for recording defect management information of a recording medium includes recording a de-

& fect entry on the recording medium, wherein the defect entry includes a first field that can identify a defect entry type, a second

field recording position information of a defect area within a user data area, and a third field recording position information of a
replacement area within a spare area, and recording position information corresponding to the second field and/or the third field in
accordance with the defect entry type decided by the first field, wherein, in case of a defect entry type having no corresponding
position information, the corresponding field is set to zero (0).
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[DESCRIPTION]
RECORDING MEDIUM, AND METHOD AND APPARATUS FOR RECORDING

DEFECT MANAGEMENT INFORMATION ON THE RECORDING MEDIUM

Technical Field

The present invention relates to a recording medium, and more
particularly, to a recording medium, and a method and
apparatus for recording defect management information on the
recording medium. Although the present invention is suitable
for a wide scope of applications, it is particularly suitable
for efficiently managing defect management information and
for facilitating a sorting process of defect entries

configuring the defect management information.

Background Art

The optical disc is widely used as a recording medium
capable of recording (and/or storing) a large amount of data.
Particularly, a high-density optical recording medium
capable of recording/storing high-quality wvideo data and
high-quality audio data, for example, a Blu-ray Disc (BD),

has been being developed for a long period of time. The BD
acting as the next-generation recording medium has been
considered to be the next-generation optical recording
solution capable of recording/storing much more data than a

conventional DVD. In recent times, the international
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standard technical specification associated with the BD has
been established along with those of other digital devices.

Many developers have conducted intensive research into the
introduction of a preferable recording method, and more
particularly, an optimum method of recording and managing
defect management information using a next-generation
recording medium, such as the BD. However, the technical
standard for the BD has not yet been established, and,
therefore, the developers have difficulty in developing the

completed BD-based optical recording/reproducing apparatus.

Disclosure of Invention

Accordingly, the present invention is directed to a recording
medium, and a method and apparatus for recording defect
management information on the recording medium that
substantially obviate one or more problems due to limitations
and disadvantages of the related art.

An object of the present invention is to provide a method of
formatting the recording medium and a method of sorting
defect management information.

Additional advantages, objects, and features of the invention
will be set forth in part in the description which follows
and in part will become apparent to those having ordinary
skill in the art upon examination of the following or may be

learned from practice of the invention. The objectives and
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other advantages of the invention may be realized and
attained by the structure particularly pointed out in the
written description and claims hereof as well as the appended
drawings.

To achieve these objects and other advantages and in
accordance with the purpose of the invention, as embodied and
broadly described herein, a method for recording defect
management information of a recording medium includes
recording a defect entry on the recording medium, wherein the
defect entry includes a first field that can identify a
defect entry type, a second field recording position
information of a defect area within a user data area, and a
third field recording position information of a replacement
area within a spare area, and recording position information
corresponding to the second field and/or the third field in
accordance with the defect entry type decided by the first
field, wherein, in case of a defect entry type having no
corresponding position information, the corresponding field
is set to zero (0).

In another aspect of the present invention, in recording a
defective cluster as a defect entry within a spare area, a
method for recording defect management information of a
recording medium, includes recording status information for
identifying a type of the defect entry (i.e., defect entry

type) 1n a first field of the defect entry, setting to zero
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(0) a second field of the defect entry recording position
information of a defect area within a user data area, and
recording an address of the defective cluster within the
corresponding spare area in a third field of the defect entry,
wherein position information of a replacement area within the
spare area 1is recorded.

In another aspect of the present invention, a method for
updating defect management information includes, when
updating an already existing defect 1list by using a new
defect entry as the defect ﬁanagement information, sorting
the defect entries registered in the already existing defect
list and the defect entries that are to be updated, thereby
updating the defect list, wherein the sorting of the defect
entries is performed by sorting the defect entries by each
type, and by sorting the defect entries by order of physical
seétor address (PSN) within the same defect entry type.

In another aspect of the present invention, in a method for
sorting a plurality of defect entries, the method for sorting
defect entries includes primarily sorting the defect entries
by identifying the defect entries by each type, and based
upon the primary sorting, and within the same defect entry
type, secondarily sorting the defect entries sequentially
starting from the lowest physical sector number (PSN) among
defective clusters and/or replacement clusters recording in

the corresponding entry type.
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In another aspect of the present invention, a method for

formatting a recording medium includes selecting a

certification method, and, when using a quick certification
method, certifying only defect entries included in a sorted
defect 1list, so as to recheck whether any defect exlists,

wherein the defect entries on the sorted defect list are
sorted by defect entry type, and wherein, within the same

defect entry type, sorting is performed sequentially starting
from a cluster having the lowest physical sector number (PSN),
among defective clusters and/or replacement clusters recorded
in the corresponding defect entry type.

In another aspect of the present invention, a recording
medium includes a data area and a léad—in area adjacent to
the data area, and a defect management'area recording in the
lead-in area defect entries for managing defects within the
data area, wherein the defect entry being recorded in the
defect management area comprises a first field that can
identify a defect entry type, a second field recording
position information of a defect area within a user data area,
and a third field recording position information of a
replacement area within a spare area, and wherein position
information corresponding to the second field and/or the
third field is recorded in accordance with the defect entry
type decided by the first field, wherein, in case of a defect

entry type having no corresponding position information, the



10

15

20

25

WO 2007/061188 PCT/KR2006/004484

corresppnding field is set to zero (0).

In another aspect of the present invention, an apparatus for
recording defect management information on a recording medium,
includes a pick-up, and a microcomputer controlling the pick-
up so that defective clusters newly generated during a
recording and/or reproducing of the recording medium are
recorded as a defect entry, wherein the defect entry 1is
recorded by configuring a first field that can identify a
defect entry type, a second field recording position
information of a defect area within a user data area, and a
third field recording position information of a replacement
area within a spare area, and controlling the pick-up so that
position information corresponding to the second field and/or
the third field is recorded in accordance with the defect
entry type decided by the first field, wherein, in case of a
defect entry type having no corresponding position
information, the corresponding field is set to zero (0).

In a further aspect of the present invention, an apparatus
for recording defect management information on a recording
medium, includes a pick-up, and a microcomputer controlling
the pick-up so that defective clusters within a spare area
newly generated during a recording and/or reproducing of the
recording medium are recorded as a defect entry, wherein
status information for identifying a type of the defect entry

(i.e., defect entry type) is recorded in a first field of the
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defect entry, a second field of the defect entry recording
position information of a defect area within a user data area
is set to zero (0), and a third field of the defect entry is
recorded with an address of the defective cluster within the
corresponding spare area.

It is to be understood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as

claimed.

Brief Description of Drawings

The accompanying drawings, which are included to provide a
further understanding of the invention and are incorporated
in and constitute a part of this application, dillustrate
embodiments of the invention and together with the
description serve to explain the principle of the invention.
In the drawings:

FIG. 1 illustrates exemplary process steps of a defect
management method in a recording medium applied in the
present invention;

FIG. 2A and FIG. 2B respectively illustrate a structure of a
defect entry as a defect management information according to
the present invention;

FIG. 3A to FIG. 3E illustrate examples for describing defect
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entry types and recording methods according to the present
invention;

FIG. 4A and FIG. 4B respectively illustrate a defect
management method and a method for recording defect
management information;

FIG. 5 illustrates a recording and reproducing apparatus of a
recording medium according to the present invention;

FIG. 6 illustrafes a flow chart of a method for recording
defect management information according to the present
invention; and

FIG. 7 illustrates a flow chart of a method for formatting

the recording medium according to the present invention.

Best Mode for Carrying Out the Invention

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings. Wherever possible,
the same reference numbers will be used throughout the
drawings to refer to the same or like parts.

prior to describing the present invention, it should be noted
that most terms disclosed in the present invention correspond
to general terms well known in the art, but some terms have
been selected by the applicant as necessary and will
hereinafter be disclosed in the following description of the

present invention. Therefore, it is preferable that the
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terms defined by the applicant be understood on the basis of
their meanings in the present invention.

A recording medium for use in the present invention 1is
indicative of all recordable mediums, for example, an optical
disc, a magnetic disc, and a magnetic tape, etc. For the
convenience of description and better understanding of the
present invention, the optical disc, and more particularly,
the blu-ray disc (BD) will hereinafter be exemplarily used as
the above-mentioned recording medium in the present invention.
It is also apparent that the spirit and scope of the present
invention will be identically applied to other types of
recoding media.

FIG. 1 illustrates exemplary process steps of a defect
management method in a recording medium applied in the
present invention. Referring to FIG. 1, the optical disc
sequentially consists of a lead-in area and a data area
starting from the inner circumference of the disc. The data
area includes a spare area and a user data area. In the
example shown in FIG. 1, the spare area is formed 1n an inner
Aarea of the data area. However, this structure 1is only
exemplary and does not limit the structure of the optical
disc. More specifically, the spare area may be provided in
an outer area of the data area, or may be provided in both
the inner and outer areas of the data area.

When a defect is detected in a particular recording unit
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(e.g., a cluster) within the user data area, the data that
are recorded or that are to be recorded on the cluster, from
which the defect has been detected, are replacement recorded
on a specific cluster within the spare area. After
replacement recording the defective cluster on the
replacement cluster within the spare area, the fact that the
data have been replacement recorded should be recorded as a
separate set of management information. In other words, a
defect management area (DMA) is provided in the lead-in area,
and the management information is recorded on the DMA. Most
particularly, the management information is referred to as a
defect 1list (DEL). Each defect list is configured of at
least one defect entry. For example, referring to FIG. 1,
when defective clusters A and B are detected within the user
data area, data corresponding to clusters A and B are
replacement recorded one replacement clusters a and b within
the spare area. The fact that the data have been replacement
recorded is added to the defect list as a defect entry,
thereby being recorded on the DMA.

FIG. 2A and FIG. 2B respectively illustrate a structure of a
defect entry as a defect management information according to
the present invention. More specifically, FIG. 24
illustrates a defect entry structure, and FIG. 2B illustrates
defect entry types. Referring to FIG. 2A, one defect entry

may be configured of 8 bytes (i.e., 64 bits). Herein, the
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64-bit defect entry is largely divided into 3 sections. The
defect entry includes a first field (a 4-bit ‘status 1’ field
and a 4-bit ‘status 2’ field), a second field (a 28-bit
‘Defective Cluster first PSN’ field), and a third field (a
28-bit ‘Replacement Cluster first PSN’ field). Herein, the
first field indicates the type and status of the defect entry,
the second field records a position dinformation of the
defective cluster, and the third field records a position
information of the replacement cluster.

The 4-bit ‘status 1’ field is used as information deciding
the defect entry type. Referring to FIG. 2B, for example,
when the value of the 4-bit ‘status 1’ field is ‘0000b’, this
indicates that a replacement cluster is normally allocated
and that the defect entry is replacement recorded. This
defect entry is referred to as a ‘Re—-Allocatable Defect (RAD)
1 type’. When the value of the 4-bit ‘status 1’ field is
‘1000b’, this indicates that a replacement cluster is
normally allocated but the defect entry is not replacement
recorded. This defect entry is referred to as a ‘Re-
Allocatable Defect (RAD) 2 type’. When the wvalue of the 4-
bit ‘status 1’ field is ‘0001b’, this 4indicates that a
replacement cluster 1is not allocated for the defective
cluster. This defect entry type is referred to as a ‘Non Re-
allocatable Defect (NRD) type’. Furthermore, when the wvalue

of the 4-bit ‘status 1’ field is ‘0010b’, this indicates that
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a replacement cluster is normally allocated but the cluster
is allocated in the spare area so as to be replacement
recorded 1in a later process. This defect entry type 1is
referred to as a ‘Spare (SPR) type’. Finally, when the value
of the 4-bit ‘status 1’ field is ‘0111b’, this indicates that
a defect has been detected (or has occurred) in a replacement
cluster, and therefore the cluster cannot be used replacement
recording in a later process. This defect entry type 1is
referred to as an ‘unusable type’.

More specifically, a plurality of defect entries exists
within the defect 1list (DFL). And, each defect entry is
sorted in accordance with a particular sorting method and
recorded on the defect 1list. Referring to FIG. 2B, the
sorting method corresponds to recording the defect entry
starting from the second bit (bit 62) thereof in an ascending
order. Accordingly, the defect entries are sorted by the
‘status 1’ field, which is configured of 4 bits (bit 63 to
bit 60). This indicates that sorting is performed by each
defect entry type. Herein, recording of the defect entry is
not performed starting from the first bit (bit 63) so that,
when performing the recording process of the defect entries,
‘RAD 1 type = 0000b’” and ‘RAD 2 type = 1000b’ may be
considered as the same defect entry. Therefore, when sorting
the defect entries by ascending order starting from the

second bit (bit 62), defect entries within the defect list
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are sorted by the following order: ‘status 1’ field - second
field (‘Defective Cluster first PSN’ £field) - ‘status 2’
field - third field (‘Replacement Cluster first PSN’ field).
FIG. 3A to FIG. 3E illustrate examples for describing defect
entry types and recording methods according to the present
invention. Herein, FIG. 3A illustrates the ‘RAD 1 type’
defect entry. More specifically, the RAD 1 defect entry has
normally replacement recorded the defective cluster within
the replacement cluster. Therefore, for example, the data
that have been or that will be recorded on the defective
cluster (A) within the user data area are replacement
recorded in the replacement cluster (a) within the spare area.
In other words, the method of recording the ‘RAD 1 type’
defect entry includes recording a ‘0000b’ value identifying
the defect entry as the ‘RAD 1 type’ within the ‘status 1’
field, recording a first physical sector number (PSN) of the
defective cluster (A) within the second field (‘Defective
Cluster first PSN” field), recording a ‘0000b’ value
indicating a normal status within the ‘status 2’ field, and
recording a first physical sector number (PSN) of the
replacement cluster (a) within the third field (‘Replacement
Cluster first PSN’ field). Accordingly, a value indicating a
new status that is decided during a standardization process
may be recorded in the ‘status 2’ field in the present

invention. However, only the examples of the defect entries
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having a normal status value ‘0000b’ will be given in the
description of FIG. 3A to FIG. 4B of the present invention.
FIG. 3B illustrates the ‘RAD 2 type’ defect entry. More
specifically, the RAD 1 defect entry allocates a replacement
cluster corresponding to the defective cluster, but the
replacement recording is not yet performed on the replacement
cluster. Therefore, for example, a replacement cluster (a)
is allocated within the spare area for the data that have
been or that will be recorded on the defective cluster (A)
within the user data area. In other words, the method of
recording the ‘RAD 2 type’ defect entry includes recording a
‘1000b’ value identifying the defect entry as the ‘RAD 2
type’ within the ‘status 1’ field, recording a first physical
sector number (PSN) of the defective cluster (A) within the
second field (‘Defective Cluster first PSN’ field), recording
a ‘0000b’ value indicating a normal status within the ‘status
27 field, and recording a first physical sector number (PSN)
of the replacement cluster (a) within the third field
(‘Replacement Cluster first PSN’ field).

FIG. 3C 4illustrates the ‘NRD type’ defect entry. More
specifically, the NRD defect entry has not yet allocated the
replacement cluster corresponding to the defective cluster.
Therefore, for example, when the defective cluster (A) is
detected in the user data area, only the defect entry for

managing the detected defective cluster (A) is recorded. In
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other words, the method of recording the 'NRD type’ defect
entry includes recording a ‘0001lb’ value identifying the
defect entry as the ‘NRD type’ within the ‘status 1’ field,
recording a first physical sector number (PSN) of the
defective cluster (A) within the second field (‘Defective
Cluster first PSN' field), recording a *0000b” value
indicating a normal status within the ‘status 2’ field, and
recording zero wvalues (‘0 00 00 00h’) to all 28 bits within
the third field (‘Replacement Cluster first PSN’ field).

FIG. 3D illustrates the 'SPR type’ defect entry. More
specifically, the SPR defect entry represents a normal
replacement cluster existing within the spare area for a
later replacement recording process. Therefore, for example,
when a defective cluster i1s detected (or occurs), replacement
recording may be performed on the position of the replacement
cluster designated within the first SPR defect entry among
the plurality of defect entries registered as the SPR defect
entry according to the defect list sorting. In other words,
the method of recording the ‘SPR type’ defect entry includes
recording a ‘0010b’ wvalue identifying the defect entry as the
‘SPR type’ within the ‘status 1’ field, recording zero values
(0 00 00 O00Oh’) to all 28 bits within the second field
(‘Defective Cluster first PSN’ field) since a corresponding
defective cluster is not yet allocated, recording a ‘0000b’

value indicating a normal status within the ‘status 2’ field,
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and recording a first PSN of the replacement cluster (e.g.,
‘a’, ‘b’, and ‘c¢’) within the third field (‘Replacement
Cluster first PSN’ field). Referring to FIG. 3D, if three
replacement clusters (a), (b), and (c) are registered as SPR
type defect entries, the replacement clusters are sorted and
recorded within the spare area by order of the lowest PSN,
such as ‘a’ - ‘b’ - ‘c’.

FIG. 3E illustrates the ‘unusable type’ defect entry. More
specifically, the unusable defect entry represents clusters
that are not used due to defects detected within the spare
area. Therefore, for example, when a particular cluster
within <the spare area 1s detected to be defective, the
cluster is replaced with a normal replacement cluster
registered within the SPR defect entry, whereas the defect-
detected cluster within the spare area 1s registered and
managed as an ‘unusable’ defect entry. In other woxds, the
method of recording the ‘unusable’ defect entry includes
recording a ‘0111b’ value identifying the defect entry as the
‘unusable type’ within the ‘status 1’ field, recording zero
values (‘0 00 00 00h’) to all 28 bits within the second field
(‘Defective Cluster first PSN’ field) since a corresponding
defective cluster does not exist, recording a ‘0000b’ value
indicating a normal status within the ‘status 2’ field, and
recording a first PSN of the clusters (e.g., ‘a’, and ‘c’)

within the spare area that are detected to be defective
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within the third field (‘Replacement Cluster first PSN’
field). Referring to FIG. 3E, if two replacement clusters
(a) and (c) are detected to be defective within the spare
area, each of the clusters is registered as an ‘unusable’
defect entry. And, these ‘unusable’ defect entries are
sorted and recorded within the spare area by order of the
lowest PSN, such as ‘a’ - ‘c’.

More specifically, in the present invention, when recording
the second field (‘Defective Cluster first PSN’ field) of the
‘unusable’ defect entry, all 28 bits therein is required to
be recorded as zero wvalues (0 00 00 00h"). If an arbitrary
set of dummy data that does not correspond to the zero wvalue
(Y0 00 00 00h") is recorded on the second field (‘Defective
Cluster first PSN’ field), sorting may be performed randomly
and not by the particular sorting order described above. 1In
other words, as the second field is sorted earlier than the
third field, if the wvalue of the second field is recorded as
arbitrary dummy data, sorting of the ‘unusable’ defect
entries may not be performed properly. Accordingly, 1f a
formatting process including a certification process is to be
performed, and 1f the sorting of the ‘unusable’ defect
entries is not properly performed, a problem may occur in
locating the place (or position) of the defective cluster
designated by the corresponding ‘unusable’ defect entry.

Particularly, when performing a formatting process including
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certification, a pick-up means frequently performs search
operations such as track jump operations in order to locate

the defective cluster position (or place) corresponding to

the ‘“unusable’ defect entry within the spare area. Such

frequent search operations deteriorates the overall system
performance.

In order to resolve such problems, it is preferable that the

‘unusable’ defect entries are sorted within the spare area by
an ascending order starting from the lowest PSN. Accordingly,
in order to perform a preferable sorting of the ‘unusable’

defect entries, the second field (‘Defective Cluster first
PSN’ field) value within the ‘unusable’ defect entries should
be recorded as zero wvalues (‘0 00 00 00h’). Therefore, when
performing the formatting process including certification,

reference is made to the ‘unusable’ defect entries sorted as

described above (e.g., sorting is performed by the position
order of the defective clusters within the spare area that
are recorded on the third field of the ‘unusable’ defect
entries), so that the defective clusters can be certified by
the PSN order sorted as described above. Thus, without

having to perform any search operation or by performing only
a minimum number of search operations, such as track Jjump

operations, the system may search the position of each
defective cluster within the spare area by a specific order

so as to certify the corresponding cluster.
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FIG. 4A and FIG. 4B «respectively illustrate a defect
management method and a method for recording defect
management information. In the examples shown in FIG. 4A and
FIG. 4B, each defect entry type is sorted to configure a
defect list (DFL). For example, as shown in FIG. 4A, each of
the defective clusters ‘A’ and ‘C’ and replacement clusters
‘a’ and ‘¢’ configures the defect entries associated with the
‘RAD 1 type’. Also, each of the defective clusters 'B’ and
‘D’ and replacement clusters ‘e’ and ‘f’ configures the
defect entries associated with the ‘RAD 2 type’. And, the
defective cluster ‘E’ configures the defect entry associated
with the ‘NRD type’. Furthermore, each of the replacement
clusters ‘h’, ‘i’, and ‘3’ configures the defect entries
assoclated with the 1YSPR type’. Finally, each of the
defective clusters ‘b’, ‘d’, and ‘g’ within the spare area
configures the defect entries associated with the ‘unusable
type’.

In the example shown in FIG. 4A, FIG. 4B illustrates a defect
list (DFL) having the defect entries sorted therein. The
defect entries are first sorted by defect entry types, more
specifically, by the order of ‘RAD’ type - ‘NRD’ type - ‘SPR’
type - ‘unusable’ type. Thereafter, within the same defect
entry type, the defect entries are sorted in accordance with
the values recorded in the second field (‘Defective Cluster

first PSN’ field) and/or the third field (‘Replacement
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Cluster first PSN’ field). Based upon the above-described
sorting rule, FIG. 4B illustrates in a table form the final
sorted configuration of the defect entries generated, as
shown in FIG. 4A. Accordingly, although it is apparent that
the normal replacement clusters within the spare area are all
included as the ‘SPR’ type entries, only 3 normal clusters
‘h’, ‘i’, and ‘j’ will be illustrated in FIG. 4B, for
simplicity of the description of the present invention.
Furthermore, apart from the defect entry types described in
the present invention, other defect entry types (e.g., a
Possibly Bad Area (PBA) type) may exist, and, in this case,
the same defect entry recording method and sorting method
according to the present invention may be applied herein.

FIG. 5 illustrates an optical recording and reproducing
apparatus of a recording medium according to the present
invention. The optical recording and reproducing apparatus,
which records data on the optical disc or reproduces the data
recorded thereon, includes a recording/reproducing device 20,
a controller 12, an audio/video (AV) decoder 17, and an AV
encoder 18. The recording/reproducing device 20 includes a
pick-up unit 11 for directly recording data on the optical
disc or for reading data recorded on the optical disc, a
signal processor 13 either recovering the reproduction signal
received from the pick-up unit 11 to a desired signal value,

or modulating a signal to be recorded to an optical disc



10

15

20

25

WO 2007/061188 PCT/KR2006/004484

21

recordable signal and transmitting the modulated signal to
the pick-up unit 11, a servo 14 accurately reading the signal
from the optical disc, or controlling the operations of the
pick-up unit 11, a memory 15 for temporarily storing the
management information including the defect management
information, and a microcomputer 16 controlling the above
operations. An apparatus only including the
recording/reproducing device 20 is referred to as a “drive”,
which is also used as a peripheral computer device.

Also, the controller 12 controls the overall operation of the
optical recording and reproducing apparatus. And, according
to the present invention, the controller 12 refers to user
commands through a user interface and transmits a recording
(or writing) and/or reproducing (or reading) command for
recording data on the optical disc and for reproducing data
to the recording/reproducing device 20. In addition, in
accordance with the controls of the controller 12, the AV
decoder 17 decodes the signal read from the optical disc and
decodes the read signal, so as to recover the signal as
desired information, thereby providing the recovered
information to the user. And, in order to perform the
function of recording a signal on the optical disc, the AV
encoder 18 converts an input signal into a signal of a
specific format (e.g., an MPEG-2 transport stream) depending

upon the controls of the controller 12 and, then, provides
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the converted signal to the signal processor 13. Accordingly,
depending upon the product, the microcomputer 16 and the
controller 12 may be formed as a single body so as to form a
controller part. Hereinafter, a method for recording defect
management information and a method for formatting the
recording medium using the optical recording and reproducing
apparatus according to the present invention will now be
described with reference to FIG. 6 and FIG. 7.

FIG. 6 illustrates a flow chart of a method for recording
defect management information according to the present
invention. When a disc is loaded in the optical recording
and reproducing apparatus, the recording of data on the disc
or the reading of data from the disc is initiated in
accordance with the command of the controller 12 (S10). If a
defect area is detected while performing Step 10 (3520), the
microcomputer 16 decides whether or not the defect list (DFL)
is to be updated (S30). More specifically, depending upon
the system, either the defect 1list is immediately updated
after the defect area has been detected, or the recording (or
writing) /reproducing (or reading) process 1s performed during
a predetermined period and all defect areas that are detected
during the corresponding period are reported simultaneously
so that the defect list can be updated.

In Step 30, if the defect list is to be updated, the defect

entries that have already been registered within the defect
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list are sorted along with the currently detected defect
entries, so as to create a new defect list (S40). The
sorting process is performed based upon the recording method
by each defect entry type and sorting rule. Therefore, for
example, the format of the finally updated defect list may be
the same as the format shown in FIG. 4B.

FIG. 7 illustrates a flow chart of a method for formatting
the recording medium according to the present invention. In
the present invention, the “formatting” process (wherein a
“re-formatting” process 1is also included) is used for
disregarding (or ignoring) the data initially existing within
the disc and newly using the disc. Accordingly, when a
formatting process 1is performed in accordance with a user
command (S100), the disc may be newly used (or be re-used).
When performing the formatting process, a certification
process certifying all areas or a particular area within the
disc may be selectively performed (5200). For example, all
areas within the disc are sequentially certified starting
from the first area so as to determine whether a defect
exists or not. However, when a defect is detected a defect
list (DFL) in accordance with the above-described defect
entry recording method and sorting method. This step 1is
particularly referred to as a ‘Full certification’ method
(S300) .

Although the ‘Full certification’ process satisfies the
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perfection of the certification process, a large amount of
time is required for the process. Therefore, only the

defective cluster registered as the defect area within the
already existing defect 1list (DFL) may be selectively
certified. This step is particularly referred to as a ‘Quick
certification’ method (8400) . When using the ‘Quick
certification’ method, the certification process 1is performed
based upon the registered defect entry. More specifically,

the ‘RAD 1’ type, ‘RAD 2’ type, and ‘NRD’ type defect entries
certify only the defective clusters in the user data area
registered to the second field within each defect entry.

Furthermore, the ‘unusable’ type defect entries certify only
the defective clusters in the spare area registered to the
third field within each defect entry.

For example, when performing the ‘Quick certification’ method
based upon the defect list sorted as shown in FIG. 4A and FIG.
4B, the system is capable of sequentially certifying only the
defective clusters starting from the inner circumference of
the optical disc (i.e., starting from the cluster having the
lowest PSN). Therefore, clusters ‘b’, ‘d’, and ‘g’, which
are the ‘unusable’ defective clusters within the spare area,

are sequentially certified, and clusters ‘aA’, ‘B’, ‘C’, ‘D’,

and ‘E’, which are the defective clusters within the user
data area, are also sequentially certified.

The recording medium, and the method and apparatus for
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recording defect management information on the recording
medium according to the present invention have the following
advantages. By using the preferred defect management
recording method and sorting method of the recording medium,
the defect management information can be efficiently managed.
Also, sorting the defect entries configuring the defect

management information may also be facilitated.

Industrial Applicability

It will be apparent to those skilled in the art that various
modifications and variations can be made 1n the present
invention without departing from the spirit or scope of the
inventions. Thus, it is intended that the present invention
covers the modifications and wvariations of this invention
provided they come within the scope of the appended claims

and their equivalents.
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[CLAIMS]

1. A method for recording defect management information
of a recording medium, comprising:
recording a defect entry on the recording medium,
wherein the defect entry comprises:
a first field that can identify a defect entry
type;
a second field recording position information of a
defect area within a user data area; and
a third field recording position information of a
replacement area within a spare area; and
recording position information corresponding to the
second field and/or the third field in accordance with the
defect entry type decided by the first field, wherein, in
case of a defect entry type having no corresponding position

information, the corresponding field is set to zero (0).

2. The method of claim 1, wherein, when the defect entry is
an ‘unusable’ type, the second field wvalue within the

corresponding defect entry is set to zero (0).

3. The method of claim 1, wherein, when the defect entry is a
‘spare (SPR)’ type, the second field value within the

corresponding defect entry is set to zero (0).
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4. The method of claim 1, wherein, when the defect entry is a
‘non re-allocatable defect (NRD)’ type, the third field wvalue

within the corresponding defect entry is set to zero (0).

5. In recording a defective cluster as a defect entry within
a spare area, a method for recording defect management
information of a recording medium, comprising:

recording status information for identifying a type of
the defect entry in a first field of the defect entry;

setting to zero (0) a second field of the defect entry
recording position information of a defect rarea within a user
data area; and

recording an address of the defective cluster within the
corresponding spare area in a third field of the defect entry,
wherein position information of a replacement area within the

spare area 1s recorded.

6. A method for updating defect management information,
comprising:

when updating an already existing defect list by using a
new defect entry as the defect management information,
sorting the defect entries registered in the already existing
defect list and the defect entries that are to be updated,

thereby updating the defect list,
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wherein the sorting of the defect entries is performed
by sorting the defect entries by each type, and by sorting
the defect entries by order of physical sector address (PSN)

within the same defect entry type.

7. In a method for sorting a plurality of defect entries,
the method for sorting defect entries comprising:

primarily sorting the defect entries by identifying the
defect entries by each type; and

based upon the primary sorting, and within the same
defect entry type, secondarily sorting the defect entries
sequentially starting from the lowest physical sector number
(PSN) among defective clusters and/or replacement clusters

recording in the corresponding entry type.

8. The method of claim 7, wherein, when performing the
secondary sorting, and when the defect entry type is an
‘unusable’ type, the corresponding defect entries are sorted
by order of defective clusters having the lowest physical

sector number (PSN) within the spare area.

9. The method of claim 7, wherein, when performing the
secondary sorting, and when the defect entry type is a ‘spare
(SPR)" type, the corresponding defect entries are sorted by

order of replacement clusters having the lowest physical
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sector number (PSN) within the spare area.

10. The method of claim 7, wherein, when performing the
secondary sorting, and when the defect entry type is a ‘non
re-allocatable defect (NRD)’ type, the corresponding defect
entries are sorted by order of defective clusters having the

lowest physical sector number (PSN) within the user data area.

11. The method of claim 7, wherein, when performing the
secondary sorting, and when the defect entry type is a ‘re-
allocatable defect (RAD)’ type, the corresponding defect
entries are sorted by order of defective clusters having the

lowest physical sector number (PSN) within the user data area.

12. A method for formatting a recording medium,
comprising:

selecting a certification method; and

when using a quick certification method, certifying only
defect entries included in a sorted defect 1list, so as to
recheck whether any defect exists, wherein the defect entries
on the sorted defect list are sorted by defect entry type,
and wherein, within the same defect entry type, sorting is
performed sequentially starting from a cluster having the
lowest physical sector number (PSN), among defective clusters

and/or replacement clusters recorded in the corresponding
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defect entry type.

13. The method of claim 12, wherein, when using a quick
certification method, and when the defect entry is an
‘unusable’ type, the corresponding defect entries are
certified by order of defective clusters having the lowest

physical sector number (PSN) within a spare area.

14. The method of claim 12, wherein, when using a full
certification method, all clusters are sequentially certified
by order of the lowest physical sector number (PSN) starting
from an inner circumference of the recording medium, thereby

verifying whether a defect exists.

15. A recording medium, comprising:

a data area and a lead-in area adjacent to the data
area; and

a defect management area recording in the lead-in area
defect entries for managing defects within the data area,
wherein the defect entry being recorded in the defect
management area comprises a first field that can identify a
defect entry type, a second field recording position
information of a defect area within a user data area, and a
third field recording position information of a replacement

area within a spare area, and wherein position information
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corresponding to the second field and/or the third field is
recorded in accordance with the defect entry type decided by
the first field, wherein, in case of a defect entry type
having no corresponding position information, the

corresponding field is set to zero (0).

le. An  apparatus for recording defect management
information on a recording medium, comprising:

a pick-up; and
a microcomputer controlling the pick-up so that defective
clusters newly generated during a recording and/or
reproducing of the recording medium are recorded as a defect
entry, wherein the defect entry is recorded by configuring a
first field that can identify a defect entry type, a second
field recording position information of a defect area within
a user data area, and a third field recording position
information of a replacement area within a spare area, and
controlling the pick-up so that ©position information
corresponding to the second field and/or the third field is
recorded in accordance with the defect entry type decided by
the first field, wherein, in case of a defect entry type
having no corresponding position information, the

corresponding field is set to zero (0).

17. An apparatus for recording defect management
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information on a recording medium, comprising:
a pick-up; and

a microcomputer controlling the pick-up so that defective
clusters within a spare area newly generated during a
recording and/or reproducing of the recording medium are
recorded as a defect entry, wherein status information for
identifying a type of the defect entry is recorded in a first
field of the defect entry, a second field of the defect entry
recording position information of a defect area within a user
data area is set to zero (0), and a third field of the defect
entry is recorded with an address of the defective cluster

within the corresponding spare area.
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