
Description OPTICAL RECORDING MEDIUM AND RECORDING/ REPRODUCING
APPARATUS Technical Field [1] The present invention relates to an
optical recording medium, recording/re- prodwing apparatus and
recording/reproducing method for defect management. Background Art
[2] Disc defect management is a process of compensating for data loss
caused by a defect in a user data area of a disc i.e., a defective
block, by writing user data recorded in the defective block to a new
portion of the user data area. Generally, disc defect management is
performed using a linear replmement method or a slipping replacement
method. In these methods, a defective area is replaced with a spare
area having no defects. In the slipping replacement method, a
defective area is slipped and a next non-defective area is used. In
the linear replmement method, a blcck of a user data area in which a
defect acurs is called a defective blcck. A replmement blcck for
replaing a defective blcck is recorded in a spare area in a
predetermined part of disc. Information on the defective blcck and
the replmement block, i.e., information for searching the Iccations
of the defective block and the replmement blcck, is presented in a
defect list. [3] Generally, when a host reads data recorded on a
disc, the host determines a logical address of the data and orders a
hard disc drive to read the data. Then, the hard disc drive searches
for a physical address corresponding to the logical address and reads
the data recorded on the disc in a lccation corresponding to the
physical address. If a defective block comrs in the data
corresponding to the physical address, the hard disc drive has to
find a replmement blcck that replaced the defective blcck. Therefore,
a defect list includes defect list entries, each of the entries
respectively containing information on each of the defective blocks.
That is, a defect list entry is generated for eh defective blcck,
thus requiring a considerable recording space for the defect lists.
Disclosure of Invention Technical Problem [4] Therefore, effective
management of a space for a defect list is required. For this,
effective management of information on defective blocks is required,
espedally for defective blccks that occured in consecutive lccations
of a user data area. 



2 Technical Solution [5] The present invention provides an optical
disc on which defects are managed, and a defect management apparatus
and method, which effectively manage a spae required for a defect
list for managing defects in a disc, and a computer-readable optical
disc storing a computer program to control an apparatus to perform
the defect management method. Advantageous Effects [6] According to
the present invention, on an optical disc on which defect management
is performed, a spxe for recording defect lists for defect management
can be effectively managed and thus, the entire disc space can be
effectively managed. Description of Drawings [7] FIG. 1 is a blcck
diagram of a data recording/reproduing device acording to an
embodiment of the present invention. [8] FIG. 2 is a strwtural
diagram of a single recording layer disc acording to an embodiment of
the present invention. [9] FIG. 3 is a structural diagram of a double
recording layer disc according to an embodiment of the present
invention. [10] FIG. 4 is a stnctural diagram of data of a SAJDL area
acording to an embodiment of the present invention. [111FIG. 5 is a
detailed stnrtural diagram of data of DL #i illustrated in FIG. 4. 



[12] FIG. 6 is a detailed stnctural diagram of data of a DL entry #i
illustrated in FIG. 5. [13] FIG. 7 is a reference diagram
illustrating a consecutive defective blcck according an embodiment of
to the present invention. [14] FIG. 8 is a reference diagram
illustrating a consecutive defect list acording to an embodiment of
the present invention. [15] FIG. 9 is a diagram illustrating an
example of the replrement state information and consecutive defect
information shown in FIG. 6. [16] FIGS. 10A and 10B are reference
diagrams illustrating a consecutive defect block having a replacement
and a consecutive defect blcck having no replacement aa:ording to an
embodiment of the present invention. [17] FIG. 11A is a strtrtural
diagram of data of a DL #k illustrated in FIG. 10B. [18] FIG. 11B is
a structural diagram of data of a DL #k illustrated in FIG. 10B,
further including information on the number of consecutive defect
list entries. [19] FIG. 11C is a strwtural diagram of data of a DL #k
illustrated in FIG. 11B, further including information on the number
of consecutive defect list entries having re-  3 placement state
information '0', and information on the number of consecutive defect
list entries having replacement state information '11 [20] FIG. 12 is
a flow chart illustrating a defect management method for an optical
disc on which defects area are managed a:cording to an embodiment of
the present invention. 



Best Mode [21] According to an aspect of the present invention, an
optical recording medium on which defects are managed includes a
replwement block replacing a defective blcck located in a user data
area and an SA/DL area in which information regarding the defect is
recorded. The information regarding the defect includes a consecutive
defect list entry that includes information regarding defects located
in consecutive lccations of the user data area. [22] The consecutive
defect list entry may comprise a start entry corresponding to
information regarding a first defective blccic, and an end entry
corresponding to information regarding a last defective blcck,
wherein the first and last defective blocks are among defective
blccks in the consecutive lccations of the user data area. [23] The
start entry may include lccation information regarding the first
defective block, and lccation information regarding a replwement
blcck replacing the first defective blcck. [24] The end entry may
include lccation information regarding the last defective black, and
lccation information regarding a replacement block replacing the last
defective blcck. [25] The information on the defect may include
information regarding a number of the consecutive defect list
entries. [26] The information on the defect may further include
information regarding a number of defect list entries. [27] The
number of single defect list entries may be calculated by multiplying
the number of consecutive defect list entries by a fwtor of two, and
subtrxting a resulting prochrt from the number of defect list
entries. [28] The information regarding the defect may include a
defect list entry comprising lccation information regarding the
defective block, lccation information regarding the replacement
black, and state information regarding the defect. [29] The state
information may include replacement state information showing whether
the defective blcck is replwed, and consecutive defect information
showing whether the defective blcck is a consecutive defective blcck.



4 [30]The information regarding the defect may further include
information regarding a number of consecutive defect list entries
having replacement state information showing that the defective blcck
is replaced. [311The information regarding the defect may further
include information regarding a number of consecutive defect list
entries having replmement state information showing that the
defective blcck is not replmed. [32] According to another aspect of
the present invention, an apparatus to record/ reproduce data on an
optical recording medium comprises a writing/reading unit to write
the data on the medium or read the data from the medium, and a
controlling unit, wherein the controlling unit assigns to the medium
an SA/DL area, in which a replacement blcck, which replaces a
defective blcck having a defect in a user data area, and information
regarding the defect is recorded, and controls the writing/reading
unit to record the information regarding the defect, which comprises
consecutive defect list entries corresponding to information
regarding defects lccated in consecutive Iccations of the user data
area, in the SA/DL area. [33] According to another aspect of the
present invention, a method of recording/reproduzing data on an
optical recording medium comprises assigning to the medium an SA/DL
area, in which a replmement blcck to replme a defective blcck in a
user data area, and information regarding a defect corresponding to
the defective block, is recorded, and recording information regarding
the defect, which comprises consecutive defect list entries
corresponding to information regarding defects lccated in consecutive
lccations of the user data area, in the SA/DL area. [34] Amording to
another aspect of the present invention, there is provided a
computer-readable optical disc storing a computer program to control
an apparatus to perform a defect management method of
recording/reprothring data on an optical disc on which defects are
managed, the defect management method including assigning to the
medium an SA/DL area, in which a replacement blmk to replme a
defective block having a defect in a user data area, and information
regarding the defect corresponding to the defective black is
recorded, and recording information regarding the defect, which
comprises consecutive defect list entries corresponding to
information regarding defects Iccated in consecutive lccations of the
user data area, in the SA/DL area. Mode for Invention [35] Reference
will now be made in detail to the embodiments of the present
invention, examples of which are illustrated in the accompanying
drawings, wherein like reference numerals refer to the like elements
throughout. The embodiments are 



5 described below to explain the present invention by referring to
the figures. [36] FIG. 1 is a blcck diagram of a data
recording/reproducing device a:cording to an embodiment of the
present invention. [37] Referring to FIG. 1, the data
recording/reprodicing device includes a writing/ reading unit 2 and a
controlling unit 1. [38] The writing/reading unit 2 comprises a
pickup and records/reads data on/from a disc 4 on which defects are
managed ao:orcling to the present invention. The controlling unit 1
performs defect management amording to the present invention. In an
embodiment of the present invention, the controlling unit 1 uses a
verify-after-write method to find defective data by recording data by
a predetermined unit and verifying the recorded data. The controlling
unit 1 checks where the defective data camrs by writing and verifying
user data by a recording operation unit. The controlling unit 1
generates defect information inclicating where the defective data is
larded after checking the defective data, stores the generated
information in a memory, and records the generated information on the
disc as temporary defect information after collecting a predetermined
amount of the generated information. [39] In an embodiment of the
present invention, a recording operation, with is an operation
determined by an intention of a user, or a desired recording
operation, and the like, refers to an operation that includes loading
the disc, recording data on the disc, and unloading the disc. During
the recording operation, a verify-after-write operation is performed
at least once. The temporary defect information obtained by using the
verify-after-write operation is then temporarily stored in the
memory. [40] When a user presses an eject button (not shown) in order
to unload the disc, the controlling unit 1 determines that the
recording operation is terminated and reads the temporary defect
information stored in the memory, provides the information to the
writing/reading unit 2, and causes the information to be recorded on
the disc. [41] The controlling unit 1 comprises a system controller
10, a host I/F 20, a digital signal prccessor (DSP) 30, RFAMP 40, and
a servo 50. During the recording operation, the host I/F 20 receives
a predetermined write command from the host 3 (in this embodiment, a
computer) and transmits the write command to a system controller 10.
The system controller 10 controls the DSP 30 and the servo 50 in
order to perform the recording operation in the write command
received from the host I/F 20. The DSP 30 adds additional data, stch
as a parity, to the data to be recorded with is received from the
host I/F 20 in order to correct data errors, performs ECC encoding,
generates an ECC block, with is an error correcting block, and
modulates the ECC blcck in a  6 predetermined way. The RFAMP 40
changes data outputted from the DSP 30 into RF signals. The
writing/reading unit 2 records the RE signals transmitted from the RF
AMP 40 on the disc 4. The servo 50 stores recording orders inputted
from the system controller 10 and servozontrols the pickup of the
writing/reading unit 2. 



[42] The system controller 10 includes a defect management unit 11
and a memory unit 12 in order to manage defects. The defect
management unit II reads temporary defect information stored in the
memory unit 12, collects the temporary defect information, and then
generates a defect list according to the present invention. That is,
when the defect management unit 11 finds information on consecutive
defective blocks among the read defect information, the defect
management unit 11 generates a consecutive defect list entry
comprised of a start entry, corresponding to information on the first
defective Uric of the consecutive defective blccks, and an end entry,
corresponding to information on the last defective block of the
consecutive defective blmlcs. Therefore, even if, for example, eight
defective blicks (mu consecutively, only two entries instead of eight
entries are generated, because the entries are generated not for each
of the eight blocks but only for the first block and the last block
of the eight consecutive defective blccks. Thus, a spwe required to
store the entries can be redwed. The defect management unit 11 also
generates a DI. entry that includes consecutive defect information,
showing whether a defect is a consecutive or a singular defect, and
replwement state information, showing whether there is a replw.ement
block or not. The defect management unit 11 generates a DL including
Koh a DL entry. [43] To reprodwe data, the host TJF 20 receives a
read command from the host 3. The system controller 10 perfoons
initialization required for reproducing. The writing/ reading unit 2
projects a laser beam onto the disc 4, and outputs an optical signal
obtained by receiving a laser beam reflected from the disc 4. The RE
AMP 40 changes the optic] signal outputted from the writing/reading
unit 2 into an RF signal, sends modulated data obtained from the RF
signal to the DSP 30, and sends a servo control signal obtained from
the RE signal to the servo 50. The DSP 30 demodulates the modulated
data and performs ECC error correction on the demodulated data. The
servo 50 servo controls the pickup after receiving both a servo
signal from the RF AMP 40, and an order that is necessary to control
a servo received from the system controller 10. The host I/F 20 sends
data received from the DSP 30 to the host 3. For controlling the
reprodtction of data, the system controller 10 controls the servo 50
to read data from the hcation where the data is recorded. PM]A
structure of an optical disc on which defects are managed awarding to
an  7 embodiment of the present invention is as follows. [45] Disc
management information (DM1) recorded on the optical disc arording an
embodiment of to the present invention includes a disc definition
structure (DDS), recording management data (RMD), and a defect list
(DL) A disc management area (DMA) on which DMI is recorded includes a
temporary disc management area (TDMA) to record temporary DMI when
the disc is recorded, and a finalized disc management area (FDMA) to
record finalized DMI. [46] The TDMA to recording the temporary DMI
includes a DDS/RMD area to record a DDS and RMD, and a DL area to
recording a DL. [47] The DDS includes location information regarding
an SA/DL area in with a re-&cement blcck, replacing a defective block
when a defect ccaus in a data blcck recorded in a data area, and a DL
is recorded, location information regarding a DDS/ RMD area, location
information regarding where the DL is recorded, location information
that can be used to replre data in the SA/DL area or to update the
DL, a consistency flag to check whether the disc was normally ejected
while being used, and write protect information to protect writing.



[49] The DDS/RMD area, on which to record the DDS and the RMD, is
arranged in a lead-in area or lead-out area in a single recording
layer disc, while the DDS/RMD area is arranged in a lead-in area,
middle area, or lead-out area in a double recording layer disc. The
DDS/RMD area may be allccated in a part of a data area in order to
increase the number of possible updates roording to the intention of
a drive producer or a user when the disc is initialized for the use
of a disc. [50] When no more data can be recorded on the disc, or the
user wants to maintain the current state of the disc without
recording additional data and use the disc only for reproducing, the
finalization of a disc is performed, and the finalized disc
management information is recorded in the FDMA. [51] A PCA area is
arranged for a test to detect the optimum recording power from among
various recording powers arording to write strategies and the
variables acording to the write strategies. [52] FIG. 2 is a
structural diagram of a single recording layer disc according to an
embodiment of the present invention.  8 [53] Referring to FIG. 2, a
lead-out area is formed towards the outer circumference of the disc,
a lead-in area is formed towards the center of the disc, and a data
area is formed between the lead-out area and lead-in area. [54] The
lead-in area includes a PCA #0, FDMA #1, FDMA #2, and DDS/RMD area
#0. The data area includes a user area, SA/DL area #0, and SA/DL area
#1. The lead-out area includes a PCA #1, FDMA #3, FDMA #4, and
DDSfRMD area #1. [55] FIG. 3 is a structural diagram of a double
recording layer disc according to an embodiment of the present
invention. [56] Referring to FIG. 3, a lead-in area, data area #0,
and middle area #0 are arranged in one recording layer LO, while a
middle area #1, data area #1, and lead-out area are sircessively
arranged in the other recording area Ll. [57] In the layer LO, the
lead-in area includes a PCA #0, FDMA #2, DDS/RMD area #0, and FDMA
#1. The data area includes an SA/DL area #0 and user area #0. The
middle area #0 includes an FDMA #3, DDS/RMD area #2, FDMA #4, and PCA
#1. On the other hand, in the layer Li, the middle area #1 includes
an FDMA #3, DDS/RMD area #3, FDMA #4, and PCA #3. The data area #1
includes an SA/DL area #1 and user area #1. The lead-out area
includes a PCA #2, FDMA #2, DDS/RMD area #1, and FDMA #1. [58] As
shown in FIGS. 2 and 3, when a defect or urs in the user area, a
replwement blcck repladng a defective block is recorded in the SA/DL
area along with information on the defect. The information on the
defect includes location information regarding the defective blcck,
lccation information regarding the replwement block, and information
regarding a consecutive defect. 



[59] FIG. 4 is a stnrtural diagram of data of an SA/DL area arording
an embodiment of to the present invention. [60] Referring to FIG. 4,
the SA/DL area #i includes a DL #0, replccement blcck #1, ...
replwernent bicck #k, DL #1, replwement blcck #k+1, ... and DL #m.
[61] The DL #0, which is a defect list including information on a
defect, includes initialization information. [62] Repkcement blccks,
from the replrement block #1 to #k replaing defective blccks from the
defective block #1 to #k, are located next to the DL #0. The DL #1,
with is a defect list including information regarding defective
blccks from the defective blcck #1 to #k, and regarding replccement
biopics from the replwernent block #1 to #k, is recorded next to
replecement blcck #K. Replwement blccks from the replrement blcck
#k+1 to #m, repladng defect blocks from the defect block #k-Fl  9 to
#m, regarding defects wanting in the user area, are located next to
the DL 41. [63] In this manner, a defect list, which includes
information regarding a defect acording to an embodiment of the
present invention, is recorded in the SA/DI. area, in which a
replacement block replacing a defective black is also located. That
is, the defect list and the replacement blcck are loaded in one area
instead of a separate area. [64] FIG. 5 is a detailed structural
diagram of data of DL 4i illustrated in FIG. 4. [65] Referring to
FIG. 5, a DL #i 200 includes a DL identifier 210, DL update wunter
220, the number of DL entries 230, DL entry #1 240, and DL enuy #2
250. [66] The DL identifier 210 refers to an identifier indicating a
defect list. That is, an identifier indicating a defect list is
needed because a defect list and a replacement black are loaned
together in an SA/DL area acording to this embodiment of the present
invention. [67] The DL update counter 220 is a value showing the
number of updates of a defect list. 



[68] The number of DL entries 230 is the total number of entries
included in the defect list. [691The DL entry 41 240, or DL entry 42
250, is an entry having information on a defect. Examples of contents
included in these DL entries are illustrated in FIG. 6. [70] FIG. 6
is a detailed structural diagram of data of a DI, entry #i
illustrated in FIG. 5. [71] Referring to FIG. 6, the DL entry #i 300
includes state info,mat on 310, defective block location information
320, and replwement bleck location information 330. [72] The state
information 310 is state information on a defect represented by a
corresponding DL entry. The defective block location information 320
represents lccation information regarding a defective block recorded
on the user area, for example, the sector number of a defective
block. The replacement block location information 330 represents
location infcamation regarding a replacement block recorded on the
SA/DL area, for example, the physiad sector number of a replacement
block. [73] The state information 310 includes replzcement state
information 311, having a length of 1 bit, and consecutive defect
information 312, having a length of 2 bits. [74] The replacement
state information 311 represents whether a defective block, which has
occurred in the user area, is replaced or not. That is, the
information represents whether a defective block in the user area is
replaced, and a replacement bleck exists in the SAJDL area, or the
defective black is not replaced, and a repIxement block does not
exist in the SAIDI. area. [75] The consecutive defect information 312
represents whether the DL entry is a  10 



consecutive DL entry, which represents consecutive defective births,
and whether the DL entry is the beginning or the end of the
consecutive DL entry if the DL entry is a consecutive DL entry. [76]
The consecutive defective blocks and consecutive defect list entry
are described hereinafter with reference to FIGS. 7 and 8. [77]
Referring to FIG. 7, IT through 0 refer to units in which a
verify-after-write operation is performed. The recording apparatus
records user data up to the section PT and then returns to the first
part of the section (0 in order to check whether the data is properly
recorded or a defect has caurred. If a defective part is detected,
the part is designated as a defective area. Thus, a defect #1, which
is the defective area, is designated. The recording apparatus again
records the data recorded in the defect #1 in the SA/DL area. The
part in which the data recorded in the defect #1 is recorded again is
called a replwement #1. Then, the recording apparatus records user
data up to the section 0 and then returns to the first part of the
section 0 in order to check whether the data is properly recorded or
a defect is occurred. If a defective part is detected, the part is
designated as a defect #2. In the same way, a replwement #2
corresponding to the defect #2 is generated. In the section (r), a
defect #3 and a replrcement #3 are generated. Since a defective part
is not detected in the section (r), a defective area does not exist
in this section. [78] When termination of a recording operation #0 is
predicted after recording and verifying up to the section 0 (when a
user pushes an eject button or recording of user data assigned in the
recording operation is completed), the recording apparatus records a
DL #1, including information regarding defects #1, #2, and #3 that
occurred in the sections to CD , in the SA/DL area. [79] During the
recording operation #1, the recording device records user data up to
the section 6 and then returns to the first part of the section 6 in
order to check whether the data is properly recorded or a defect has
caurred. If a defective part is detected, the part is designated as a
defect area. In this way, since a defect #4 and a defect #5, which
are defect areas, have consecutively canned, consecutive blocks are
designated as defective blccics. The recording device again records
data recorded in the defect #4 and the defect #5 in the SA/DL area.
Then, the recording apparatus records user data up to the section
(c), and then returns to the first part of the section 6 in order to
check whether the data is properly recorded or a defect has acurred.
If defect #6 and defect #7, which are defective areas, have
consecutively acurred, consecutive blccks are designated as defective
blocks. The recording apparatus again records data recorded in  11
the defect #6 and the defect #7 in the SA/DI, area. In the section
(r) , no defective part is detected, so a defective area does not
exist. When the termination of the recording operation #1 is
predicted , the recording apparatus records a DL #2, including
infoiwation regarding defects #4 through 47, in the SA/DL area.
[801Defective blocks mauling in consecutive locations of the user
area, steh as the defects rring in the recording operation #1, are
ainseanive defective blecks. The first defective blcrk of the
conseattive defective lolks is the defect #4, and the last defective
blink is the defect #7. [81] Replaement Necks replacing the
consecutive defective blccks that consecutively anirred in
predetermined :cations of the user area are recorded in consecutive
laations of the SA/DI. area, As shown in the SA/DL area, a



[83] Therefore, a consecutive defect list entry showing information
regarding a consecutive defective blcck may include a start entry and
an end entry as shown in FIG. 8. [84] Refening to FIG. 8" the
consecutive defect list entry includes a start entry and an end
entry. Both the start entry and the end entry have the same stricture
as the DL entry shown in FIG. 6. The start entry contains information
regarding the first defect among consecutive defects and the end
entry contains information regarding the last  12 defect. [85] The
start entry includes state information, first defective block Imation
information representing a lcration of the user area where the first
defective blak among the consecutive defective blocks is recorded,
and first replxement block location information representing a
location of the SA/DL area where the first replacement block
replacing the first defective block is recorded. The end entry
includes state information, last defective block la:ation information
representing a location of the user area where the last defective
block among the consecutive defective blocks is recorded, and last
replmement bled( laation information representing a location of the
SA/DL area where the last replacement block repining the last
defective bkrk is recorded. [86] FIG. 9 is an example of the
replacement state information and consecutive defect information
shown in FIG. 6. [87] Referring to FIG. 9, bits representing the
replacement state information are '0' and 'I.' If the replacement
state information 311 is 'I,' a defective block corresponding to the
defective block location information 320 is not replaced, and only a
defect location is shown. If the replacement state information 31 L
is '0,' a defective blak corresponding to the defective block
location information 320 is repliced by a replacement block
corresponding to the repIxement blmk location information 330. [88]
Bits representing the consecutive defect information are '00,"01; and
10; If the consecutive defect information 312 is '00,' the DL entry
refers not to a consecutive defect list entry but to a single defect
list entry. In this case, the DL entry may refer to a defective bloek
with a repIxement or a defective block without a replacenaent
depending on the value set as the replacement state information. In
the case of a defective block with a replacement, the DL entry has
defective bIcEck Iccation information and replacement block location
infoxrnation. In the case of a defective block without a replacement,
the DL entry only has defective block location information. [89] If
the consecutive defect lamination 312 is '01,' the DL entry
represents a start entry of a consecutive defect list entry.
Therefore, as shown in FIG. 8, the DL entry has first defective Mak
laation information regarding consecutive defective blocks, and first
replacement block laation information regarding consecutive
replacement blocks. [90] If the consecutive defect information 312 is
'10; the DL entry represents an end entry of a consecutive defect
list entry. Therefore, as shown in FIG. 8, the DL entry has last
defective blak location information regarding consecutive defective
blocks,  



13 and last replacement block location information regarding
c:onsecutive replace ent blocks. [91] Evaluation of a 3 bit
combination of the state information 311, having the length of 1 bit,
and the consecutive defect information 312, having the length of 2
bits, is described hereinafter. [92] If the 3 bit combination is
'000,' the DL entry represents a single defect list entry about a
single defective block, and the state that the single defective block
has a replacement block. Therefore, the DL entry has defective bkrk
linden information and replmement block laation information. [93] If
the 3 bit combination is '100; the DL entry represents a single
defect list entry about a single defective block, and the state that
the single defective block does not have a replacement block.
Therefore, the DL entry has defective block location information, but
does not have replacement block laation information. [94] If the 3
bit combination is '001,' the DL entry represents a start entry of a
consecutive defect list entry of eonseadive defective blalcs, and
that a defective bla:k corresponding to the start entry, whrh is the
first defective block among the consecutive defective bla;ks, has a
replxement block. Therefore, the DL entry has kration information
regarding the first defective block among the consecutive defective
blalcs, and location information regarding the first replacement bkrk
among consecutive replacement blocks repliung the consecutive
defective blc,cks. [95] If the 3 bit combination is '010; the DL
entry represents an end entry of a consecutive defect list entry
about consecutive defective blocks, and that a defective block
corresponding to the end entry, svhich is the last defective block
from among the consecutive defective blocks, has a replaxment block.
Therefore, the DL entry has kration information regarding the last
defective bla:Ic among the consecutive defective bloolcs, and
location information regarding the last replacement bleck among
consecutive replacement blocks replacing the consecutive defective
blocks. [96] If the 3 bit combination is '110,' the DL entry
represents an end entry of a consecutive defect list entry about
consecutive defective blocks, and that a defective block
corresponding to the end entry, which is the last defective block
from among the consecutive defective blocks, does not have a
replacement block. Therefore, the DL entry has location infotmotion
regarding the last defective bkric from among the consecutive
defective blocks, but does not have location information regarding
the last replwement block from among consecutive replacement blocks
replaing the consecutive defective blocks.  14 [97] FIGS. 10A and 10B
are reference diagrams illustrating consecutive defect information
according an embodiment of to the present invention. 



[98] FIG. 10A refers to a user area in which user data is recorded,
and FIG. 10B refers to an SA/DL area in which replacement blocks and
a defect list are recorded. [99] Referring to FIG. WA, a single
defective block U , being the first defect. awned in the user area
location '5.' Consecutive defective blocks U , U ,11, and 0 , being
the second defective blak, occurred in the consecutive laations '9'
to '122 Consecutive defective bkrks U , 0 , U , and 0 , being the
third defective blcek, occurred in the consecutive locations '17' to
20.1 [100] Referring to FIG. 10B, replacement bucks, which replace
defect blocks occuning in the user area, and a defect list are shown
in the SAJD1... area. [101] A single replacement block U', replacing
the single defective blk U , is arranged in the laation '55' of the
SA/DL area. Consecutive replrement blocks U ', U ',U ', and U',
consecutively replacing the consecutive defective bIctlts LI , U , U
, and 0 , are arranged in the locations of the SAML area from '56' to
'59.' A defect list DL #k, which is updated after the fourth
consecutive defect, is recorded at the location '60! The consecutive
defective blocks U , U , 0 , and 0 do not have replicement blacks.
Information that is included in the defect list DL #k is shown in
FIG. 11A. [102] FIG. 11A is a stortural diagram of data of the DL 4k
illustrated in FIG. lOB. [103] Referring to FIG. 11A, the DL #K 400
includes a DL identifier 410, a DL update counter 420, the number of
DL entries 430, and 5 DL entries, that is a DL entry #1 440, DL entry
#2 450, DL entry #3 460, DL entry 44 470, and DL entry 45 480. [104]
The DL identifier 410 is an identifier indicating a DL. In the DL
update counter 420, 'K' is recorded as the number of DL updates. In
the number of DL entries 430, '5' is recorded as the total number of
entries included in the DL #K. [105] The DI. entry #1 440 is an entry
regarding the single defective block 0 shown in FIG. 10A. In the DL
entry #1 440, '0' is recorded as replicement state information, '00'
as consecutive defect information, '5' as defective block location
information. and '55' as replacement block location information.
[106] The DL entry #2 450 and the DL entry #3460 comprise consecutive
defect list entries. [107] The DL entry #2450 is the start entry of
the consecutive defect list entries, and the DL entry #3460 is the
end entry of the consecutive defect list entries. That is, the DL
entry #2450 is an entry regarding the first defective bled 0 from
among the consecutive defective bla;ks shown in FIG. 10A, In the DL
entry #2 450, '0' is  15 



recorded as replacement state information bemuse the defective blcck
0 is replwed '01' is recorded as consecutive defect information
bemuse the DL entry #2450 is the start entry of the consecutive
defect list entries. '9' is recorded as lccation information of the
defective bicck 0 , and '56' as lccation information of the
repizcement bicck 9: [108] The DL entry #3 460 is an entry regarding
the last defective block 0 from among the consecutive defective
blccks shown in FIG. 8. In the DL entry #3460, '0' is recorded as
replacement state information, because the defective block 0 is
replwed '10' is recorded as consecutive defect information because
the DL entry #3460 is the end entry of the consecutive defect list
entries. '12' is recorded as location information of the defective
block 0 , and '59' as iccation information of the replwernent blcck
0: [109] The DL entry #4470 and the DL entry #5480 comprise
consecutive defect list entries. [110] The DL entry #4 470 is the
start entry of the consecutive defect list entries, and the DL entry
#5480 is the end entry of the consecutive defect list entries. That
is, the DL entry #4470 is an entry regarding the first defective
block 0 from among the consecutive defective blocks shown in FIG.
10A. In the DL entry #4470, '1' is recorded as replwement state
information, because the defective blcck 0 is not replaced  '01' is
recorded as consecutive defect information, bemuse the DL entry #4470
is the start entry of the consecutive defect list entries. '17' is
recorded as lozation information of the defective block 0 . '00' is
recorded as repizcement location information, because a replwement
block replacing the defective blcck 0 does not exist. [111]The DL
entry #5480 is an entry regarding the last defective bleck 0 from
among the consecutive defective biopics shown in FIG. 10A. In the DL
entry #5480, '1' is recorded as replwement state information, because
the defective block 0 is not repizced  '10' is recorded as
consecutive defect information, because the DL entry #5480 is the end
entry of the consecutive defect list entries. 20' is recorded as
location information of the defective block 0 . '00' is recorded as
repixement location information, bemuse a replacement block replazing
the defective blcck 0 does not exist. [112] FIG. 11B is a stnrtural
diagram of a DL #k illustrated in FIG. 10B, further including
information regarding the number of consecutive defect list entries.
[113] The DL #k shown in FIG. 11B is similar to the DL #k shown in
FIG. 11A, except that the number of consecutive defect list entries
490 is further included. Referring to FIG. 10, 2' is recorded as the
number of consecutive defect list entries 490 because there are two
consecutive defect list entries. [114] By including a field for the
number of consecutive defect list entries, it is possible  



16 to know the number of consecutive defect list entries and the
number of single defect list entries in a defect list without
searching all the DL entries. The number of single defect list
entries may be calculated as shown below from the number of DL
entries and the number of consecutive defect list entries. [115] The
number of single defect list entries = the number of DL entries - 2 x
the number of consecutive defect list entries. [116] Because the
consecutive defect list entries are comprised of a pair of a start
entry and an end entry, the above expression can be formed. [117] For
example, in the DL #K shown in FIG. 11B, the number of single defect
list entries can be calculated as 'the number of single defect list
entries = 5-2x2=1.' [118] HG. 11C is a strictural diagram of data of
a DL #k illustrated in FIG. 11B, further including information
regarding the number of consecutive defect list entries having
rephcement state information '0', and information regarding the
number of consecutive defect list entries having replxement state
information 'P. [119] The DL #k shown in FIG. 11C is similar to the
DL #k shown in FIG. 11B, except that information regarding the number
of consecutive defect list entries having replwement state
information '0' 500, and information on the number of consecutive
defect list entries having replrement state information '1' 510, are
further included. Referring to FIG. 11A, the consecutive defect list
entry having replwement state information '0' is a consecutive defect
list entry comprised of DL entry #2450 and DL entry #3 460. Because
the number of the consecutive defect list entries having replwement
state information '0' is one, '1' is recorded as the number of
consecutive defect list entries having repIxement state information
'0' 500. The consecutive defect list entry having replwement state
information '1' is a consecutive defect list entry comprised of DL
entry #4470 and DL entry #5480. Because the number of the consecutive
defect list entries having replwement state information '1' is one,
'1' is recorded as the number of consecutive defect list entries
having replecement state information '1' 510. [120] HG. 12 is a flow
chart illustrating a defect management method of a disc a:cording to
and embodiment of the present invention. [121] Referring to FIG. 12,
the recording apparatus records user data in a data area by a unit in
which a verify-after-write operation is performed 1201. Next, data
recorded in operation 1201 is verified to find a part in which a
defect has cumn-ed 1202. A controlling unit 1 designates the part in
which a defect coarred as a defective area, records again the data
recorded in the defective area in the SA/DL area in order to  17
generate a replecement area, generates information regarding the
defective blcck and the replwement blcck, and records the information
in a memory 1203. The operations 1201 through 1203 are repeated until
the termination of the recording operation is predicted. 



[122] When recording user data awarding to a user input, or the
recording operation is completed and the termination of the recording
operation is predicted in operation 1204, the controlling unit 1 of
the recording device reads information regarding defects stored in
the memory in operation 1205. [123] If information regarding
consecutive defects exists among the information on the read defects,
a consecutive defect list entry comprising a start entry
corresponding to information regarding the first defect of the
consecutive defects, and an end entry corresponding to information
regarding the last defect, is generated, and a DL is also generated
by including consecutive defect information showing whether a defect
is a consecutive defect or a single defect, and replwement state
information showing whether a replwement blcck exists in each DL
entry in operation 1206. [124] The generated DL is recorded in the
SA/DL area in operation 1207. [125] The disc defect management method
described above may also be realized as a computer readable code
stored on a computer-readable recording medium. The computer readable
recording medium includes all kinds of recording media on which
computer readable data are stored. Examples of the computer readable
recording medium include a ROM, a RAM, a CD-ROM, a stereo tape, a
floppy disc, and an optical date recording device. The computer
readable recording medium may also be a carrier wave (for example,
transmission over the Internet) In the computer readable recording
media, which are distributed to computer systems connected by
network, code that a computer am read by a distribution method can be
stored and executed. A function program, code, and code segments for
realizing the disc defect management method can be easily inferred by
programmers of the technological field to which the present invention
belongs. [126] Although a few embodiments of the present invention
have been shown and described, it would be appreciated by those
skilled in the art that changes may be made in these embodiments
without departing from the principles and spirit of the invention,
the scope of which is defined in the claims and their equivalents.
Industrial Applicability [127] The present invention is applicable to
an optical recording medium, recording/re- prodwing apparatus and
recording/reprodwing method for defect management.  18 Claims 



What is claimed is:  1. An apparatus for reproducing data from an
optical recording medium, the apparatus comprising:       a pickup
which emits or receives a light to transfer data with respect to the
medium comprising a predetermined area to store a replacement block
to replace a defective block having a defect in a user data area, and
a defect list; and      a controller which controls the pickup to
read the defect list comprising at least one defect list entry, the
defect list entry having a first pointer pointing to a physical
location of the defective block and a second pointer pointing to a
physical location of the replacement block corresponding to the
defective block and status information of the defective block and the
replacement block, from the predetermined area in the optical
recording medium,      wherein the status information comprises first
information indicating whether the defective block is single or
consecutive and, if the defective block is consecutive, second
information indicating whether the defective block is a start block
or an end block among the consecutive defective block, and
wherein the defect list further comprises information on total number
of defect list entries contained in the defect list, and the total
number of defect list entries is sum of the number of defect list
entries which have the first information indicating that the
defective block is consecutive and the second information indicating
that the defective block is the start block, and the number of defect
list entries which have the first information indicating that the
defective block is consecutive and the second information indicating
that the defective block is the end block.  2. The apparatus of claim
1, wherein if the defective block is consecutive, the defect list
entry consists of a start entry and an end entry, and the start entry
includes location information regarding the first defective block,
and location information regarding a replacement block replacing the
first defective block, and the end entry includes location  19 



information regarding the last defective block, and location
information regarding a replacement block replacing the last
defective block.  3. An apparatus to transfer data with respect to an
optical recording medium, the apparatus comprising:       a pickup to
emit or to receive a light to transfer the data with respect to the
optical recording medium comprising a predetermined area to store a
replacement block, which replaces a defective block having a defect
in a user data area; and       a controlling unit to control the
pickup to record a defect list comprising at least one defect list
entry, the defect list entry having a first pointer pointing to a
physical location of the defective block and a second pointer
pointing to a physical location of the replacement block
corresponding to the defective block and status information of the
defective block and the replacement block, in the predetermined area;
wherein the status information comprises first information indicating
whether the defective block is single or consecutive and, in case of
the defective block being consecutive, second information indicating
whether the defective block is a start block or an end block among
the consecutive defective block, and       wherein the defect list
further comprises information on total number of defect list entries
contained in the defect list, and the total number of defect list
entries is sum of the number of defect list entries which have the
first information indicating that the defective block is consecutive
and the second information indicating that the defective block is the
start block, and the number of defect list entries which have the
first information indicating that the defective block is consecutive
and the second information indicating that the defective block is the
end block.  4. The apparatus of claim 3, wherein if the defective
block is consecutive, the defect list entry consists of a start entry
and an end entry, and the start entry includes location information
regarding the first defective block, and location information
regarding a replacement block replacing the first defective block,
and the end entry includes location information regarding the last
defective block, and location information regarding a replacement
block replacing the last defective block. ":10  5. A method for
reproducing data from an optical recording medium comprising a
predetermined area to store a replacement block to replace a
defective block having a defect in a user data area and a defect
list, the method comprising:       reading the defect list comprising
at least one defect list entry, the defect list entry baying a first
pointer pointing to 4 physical location of the defective block and a
second pointer pointing to a physical location of the replacement
block corresponding to the defective block and status information of
the defective block and the replacement block, from the predetermined
area in the optical recording medium,       wherein the status
information comprises first inthrmation indicating whether the
defective block is single or consecutive and, if the defective block
is consecutive, second information indicating whether the defective
block is a start block or an end block among the consecutive
defective block, and       wherein the defect list further comprises
information on total number of defect list entries contained in the
defect list, and the total number of defect list entries is sum of
the number of defect list entries which have the first information
indicating that the defective block is consecutive and the second
information indicating that the defective block is the start block,



indicating that the defective block is consecutive and the second
information indicating that the defective block is the end block.  6.
The apparatus of claim 5, wherein if the defective block is
consecutive, the defect list entry consists of a start entry and an
end entry, and the start entry includes location information
regarding the first defective block, and location information
regarding a replacement block replacing the first defective block,
and the end entry includes location information regarding the last
defective block, and location information regarding a replacement
block replacing the last defective block.  7. A method to transfer
data with respect to an optical recording medium comprising a
predetermined area to store a replacement block, which replaces a
defective block having a defect in a user data area, the method
comprising:  21       recording a defect list comprising at least one
defect list entry, the defect list entry having a first pointer
pointing to a physical location of the defective block and a second
pointer pointing to a physical location of the replacement block
corresponding to the defective block and status information of the
defective block and the replacement block, in the predetermined area,
wherein the status information comprises first information indicating
whether the defective block is single or consecutive and, if the
defective block is consecutive, second information indicating whether
the defective block is a start block or an end block among the
consecutive defective block, and       wherein the defect list
further comprises information on total number of defect list entries
contained in the defect list, and the total number of defect list
entries is sum of the number of defect list entries which have the
first information indicating that the defective block is consecutive
and the second information indicating that the defective block is the
start block, and the number of defect list entries which have the
first information indicating that the defective block is consecutive
and the second information indicating that the defective block is the
end block.  8. The method of claim 7, wherein if the defective block
is consecutive, the defect list entry consists of a start entry and
an end entry, and the start entry includes location information
regarding the first defective block, and location information
regarding a replacement block replacing the first defective block,
and the end entry includes location information regarding the last
defective block, and location information regarding a replacement
block replacing the last defective block.  9. An optical recording
medium comprising: a user data area; and       a predetermined area
to store a replacement block to replace a defective block located in
the user data area, and a defect list comprising at least one of
defect list entry, the defect list entry having a first pointer
pointing to a physical location of the defective block and a second
pointer pointing to a physical location of the replacement block 



22 corresponding to the defective block and status information of the
defective block and the replacement block,       wherein the status
information comprises first information indicating whether the
defective block is single or consecutive and, if the defective block
is consecutive, second information indicating whether the defective
block is a start block or an end block among the consecutive
defective block, and       wherein the defect list further comprises
information on total number of defect list entries contained in the
defect list, and the total number of defect list entries is sum of
the number of defect list entries which have the first information
indicating that the defective block is consecutive and the second
information indicating that the defective block is the start block,
and the number of defect list entries which have the first
information indicating that the defective block is consecutive and
the second information indicating that the defective block is the end
block.  10. The optical recording medium of claim 9, wherein if the
defective block is consecutive, the defect list entry consists of a
start entry and an end entry, and the start entry includes location
information regarding the first defective block, and location
information regarding a replacement block replacing the first
defective block, and the end entry includes location information
regarding the last defective block, and location information
regarding a replacement block replacing the last defective block.
11. The apparatus of claim 1, wherein the status information further
comprises information indicating whether the defective block is
replaced by the replacement block.  12. The apparatus of claim 3,
wherein the status information further comprises information
indicating whether the defective block is replaced by the replacement
block.  13. The method of claim 5, wherein the status information
further comprises information indicating whether the defective block
is replaced by the replacement block.  14. The method of claim 7,
wherein the status information further comprises  23 



information indicating whether the defective block is replaced by the
replacement block. 15.The medium of claim 9, wherein the status
information further comprises information indicating whether the
defective block is replaced by the replacement block. 




