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Description

WRITE-ONCE DISC, METHOD OF USING WRITE-ONCE

[1]

[2]

[3]

[4]

[S]

6]

[7]

DISC, AND DATA RECORDING AND/OR RE-

PRODUCING APPARATUS
Technical Field

The present invention relates to a write-once disc, and more particularly, to a write-
once disc, a method of using the write-once disc, and a data recording and/or re-
producing apparatus.

Background Art

A write-once disc 1s an information storage medium which can be recorded onto
only once. Thus, a user cannot delete or change information recorded on the write-
once disc.

Such a write-once disc additionally includes a spare area and a temporary disc
management area (TDMA) in order to record information related to defect
management or file system information including several kinds of information related
to data recorded on the write-once disc 1n consideration of the characteristics of the
write-once disc.

Detect management refers to re-recording a defective portion of user data recorded
in a user data area of an information storage medium 1n a spare area in order to prevent
loss of data caused by the defect.

The defect management method of the write-once disc will be explained 1n more
detail. A drive records data on the write-once disc in predetermined units and then
verities the recorded data using a verify-after-write method to find defective positions
on the write-once disc. The drive re-records data from the defective positions in a
spare area, and generates a Temporary DeFect List (TDFL) indicating the defective
positions and corresponding positions in the spare area, and a Temporary Disc
Definition Structure (TDDS) indicating the position in which the TDFL is recorded.

The drive stores the TDFL or TDDS 1n a memory, collects a predetermined amount
of the TDFL or TDDS, and records the predetermined amount of the TDFL or TDDS
in the TDMA. Continwus recording of data on the write-once disc contributes to
updating the TDFL or TDDS recorded in the TDMA.

Also, file system information updated due to recording of data in the spare area 1s
recorded using the above-described defect management and a logical over-write

function. The logical over-write function refers to the update of information recorded
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8]

9]

[10]

[11]

[12]

[13]

[14]

in a logical address by changing the physical address of a disc corresponding to the
logical address without changing the logical recording portion of the disc, 1.€., the
logical address.

The update of the file system information on the write-once disc will be described
in more detail. The drive checks whether data 1s recorded 1n a physical address of the
write-once disc corresponding to a logical address of the tile system information, in
compliance with a file system update command of a host. When the drive checks that
the data has been recorded in the physical address, the drive determines that the
physical address area 1s a defective area and then records updated file system 1n-
formation 1n the spare area.

The above-described spare area 1s allocated within a data area during initialization
of the write-once disc. An arca outside the data area, 1.¢€., a lead-1n area or a lead-out
arca, includes at least one TDMA. However, a portion of the spare arca may be
allocated as a TDMA during the 1nitialization of the write-once disc.

Also, when the amount of data to be recorded in the spare area 1s larger than
expected, the spare area may be extended. However, the amount of data recorded in
the spare area 1s proportional to the amount of data recorded in the TDMA. In other
words, when the amount of data to be recorded in the spare area 1s large, an amount of

data to be recorded in the TDMA increases. Thus, the spare area must be extended or
reduced according to the size of the TDMA.

Disclosure of Invention
Technical Solution

The present invention provides a write-once disc, a method of using the write-once
disc so as to further efficiently use a data area, and a data recording and/or reproducing
apparatus.

Advantageous Effects

According to the present invention, a spare area and a TMDA can be allocated 1n
the write-once disc. Also, the spare area can be extended or reduced according to the
size of the TMDA. As aresult, a data area of the write-once disc can be more ef-
ficiently used.

Description of Drawings

The above and other features and advantages of the present invention will become
more apparent by describing in detail exemplary embodiments therecof with reference
to the attached drawings in which:

FIG. 1A 1s a view showing the structure of a write-once disc according to an
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[23]

embodiment of the present invention;

FIG. 1B 1s a view showing the structure of a write-once disc according to another
embodiment of the present invention;

FIG. 2 1s a view showing the structure of a recording layer of a single recording
layer write-once disc or a tirst recording layer of a dual recording layer write-once
disc:

FI(». 3A and 3B are views showing the structure of a recording layer of a write-
once disc in which spare areas are allocated to a data area, according to an embodiment
of the present invention;

FI(S. 4A and 4B are views showing the sizes of spare area 2 and TDMA 2 of
FI(». 3A and 3B;

FI(. SA and 5B are views showing the structure of recording layer L1 of a dual
recording layer write-once disc in which spare arcas and a TDMA are allocated to a
data area, according to an embodiment of the present invention;

FIG. 6 1s a block diagram of a data recording and/or reproducing apparatus
according to an embodiment of the present invention; and

FIG. 7 1s a flowchart of a method of using a single recording layer write-once disc,
according to an embodiment of the present invention.

Best Mode

According to an aspect of the present invention, there 1s provided a method of
using a write-once disc comprising at least one recording layer, including: allocating at
least one spare area to a data area ot the recording layers; and dividing each spare area
into a sub spare areca and a temporary disc management area in the direction in which
user data 1s recorded. Here, the size of the temporary disc management area 1s greater
than or equal to 1/N (N 1s a real number) of the size of one spare area.

According to another aspect of the present invention, there 1s provided a data
recording and/or reproducing apparatus including: a recording and/or reading unit
which records data on and/or reads data from a write-once disc comprising at least one
recording layer; and a controller which allocates at least one spare area to a data area
of the recording layers, divides each spare area into a sub spare area and a temporary
disc management area in the direction in which user data 1s recorded, and controls the
recording and/or reading unit to record information on the position and/or size of each
spare area and information on the position and/or size of the sub spare arca and the
temporary disc management arca on the write-once disc. Here, the controller

determines the size of the temporary disc management area to be greater than or equal
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to 1/N of the size of one spare area.

According to still another aspect of the present invention, there 1s provided a single
recording layer write-once disc on which user data 1s recorded from the inside out,
including a recording layer which comprises a data area. The data area includes a spare
area which 1s allocated to an area ranging from a predetermined position of the data
area to the last position ot the data area and which 1s divided into a sub spare area and
a temporary disc management area from the inside out. Here, the size of the temporary
disc management area 1s greater than or equal to 1/N (N 1s a real number) of the size of
the spare area.

According to yet another aspect of the present invention, there 1s provided a dual
recording layer write-once disc including: a first recording layer on which user data 1s
recorded using an opposite track path method; and a second recording layer which
comprises a data area. Here, an area ranging from a predetermined position of the data
arca to the last position of the data area 1s allocated as a spare area which 1s divided
into a sub spare area and a temporary disc management area from the outside in, and
the size of the temporary disc management area is greater than or equal to 1I/N (N is a
real number) of the size of the spare area.

Mode for Invention

Embodiments of the present invention will be described in detail with reference to
the attached drawings.

In the present invention, when a spare area i1s allocated to a data area during 1ni-
tialization ot a write-once disc and then divided into a sub spare area and a TDMA, the
sub spare area may be extended or reduced within a predetermined range according to
the size of the TDMA, so as to more efficiently use the data area or the spare area of
the write-once disc.

FIG. 1A 1s a view showing the structure of a write-once disc according to an
embodiment of the present invention, and FIG. 1B is a view showing the structure of a
write-once disc according to another embodiment of the present invention. F1G. 1A
shows a single recording layer write-once disc, and FIG. 1B shows a dual recording
layer write-once disc.

Referring to FIG. 1A, the single recording layer write-once disc includes inner area
0, data area O, and outer arca (. The data area O includes spare area 1, user data area 1,
and spare area 2. Referring to FIG. 1B, the dual recording layer write-once disc
includes recording layers LO and L 1. Here, each of the recording layers LO and L1 has

the same structure as recording layer LO of the single recording layer write-once disc
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of FIG. 1A.
[30] FIG. 2 1s a view showing the structure of the recording layer LO of the single

[31]

[32]

[33]

[34]

recording layer write-once disc or the recording layer LO of the dual recording layer
write-once disc. Referring to FIG. 2, inner area 0 includes disc management area 1
(DMA 1), a recording condition test area, a TDMA 1, and DMA 2. Data area 0
includes spare area 1, user data area 1, and spare area 2. The spare area 2 1s divided
into sub spare area 2 and TDMA 2. The spare areas 1 and 2 are allocated to pre-
determined positions of the data area O during initialization of the write-once disc
according to the selection of a user or the command of a drive. The spare area 2 1s
divided into the sub spare area 2 and the TDMA 2 according to a selection of the user
or a command of the drive.

Here, a TDMA refers to an area in which defect management information,
temporary disc management information, and the like are recorded. The detect
management information includes a TDFL and a TDDS, and the temporary disc
management information includes a space bit map (SBM) for representing the data
recording state of the write-once disc using different bit values, a last recorded address
(LRA) of a user data area, and the like.

According to an aspect of the present invention, a spare area may be allocated to a
data area and then divided into a sub spare area and a TDMA. Here, the temporary disc
management information includes information as to whether the spare area has been
allocated to the data area, information as to the position and size of the spare area, and
information as to the positions and sizes of the sub spare area and the TDMA 1nto
which the spare areca allocated to the data area 1s divided.

A DMA refers to an area in which final disc defect information and temporary disc
management information recorded in a TDMA are recorded during finalization of the
write-once disc.

FI(h. 3A and 3B are views showing the structure of recording layer LO of a singe
recording layer write-once disc or a dual recording layer write-once disc including a
data area to which spare areas and a TDMA are allocated, according to an embodiment
of the present invention. Reterring to FIG. 3A, spare areas 1 and 2 are allocated to data
area () during 1nitialization of the write-once disc. The remainder of the data area 0,
except the spare areas 1 and 2, 1.€., a user data area, 1s used from the inside out as
shown 1n FIG. 3A. The spare area 1 1s used from the inside out, while the spare arca 2
18 used from the outside 1n. It a spare arca needs to be extended, the spare area 2 1s

used from the outside 1n.
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[35] In general, a spare area which replaces a defective area occupies about 5% of the
entire capacity of a write-once disc. However, when updated file system information 1s
recorded 1n the spare area using logical over-write (LOW) and defect management, the
size of the spare area does not need to be larger. In the present invention, a spare area
1s allocated in advance during initialization of a write-once disc and extended within a
predetermined range if necessary.

[36] Referring to FIG. 3B, the spare areas 1 and 2 are allocated to the data area O as

shown 1n FIG. 3A, and then the spare area 2 1s divided into sub spare area 2 and

TDMA 2.

[37] FI(S. 4A and 4B are views showing the sizes of the spare area 2 and the TDMA 2
of FI(S. 3A and 3B.

| 38] In the present embodiment, the size of the TDMA 2 1n the spare area 2 1s greater

than or equal to 1/4 of the size of the spare arca 2. However, the ratio of the size of the
TDMA 2 to the size of the spare area 2 1s not limited to this and may vary.

[39] Referring to FIG. 4A, the spare area 2 having the size of 4N 1s allocated to the end
of the data area O during initialization of the write-once disc. Here, the size of an area
refers to the number of error correction code (ECC) blocks or the amount of data that
can be recorded in the area. In the present embodiment, the size of a specific area
refers to the number of ECC blocks of the specific area. Here, 4L indicates the
maximum siz¢ allocable to the spare area 2.

[40] Referring to FIG. 4B, the spare area 2 1s divided into the sub spare arca 2 and the
TDMA 2. The data area O 1s used from the inside out, while the sub spare area 2 1s
used from the outside 1n so as to be easily extended.

[41] As previously described, the amount of data recorded 1n a spare area 1s pro-
portional to the amount of data recorded in a TDMA. Thus, 1t 1s preferable that the size
of the spare area 1s determined according to the size of the TDMA. In the present
embodiment, as shown in FIG. 4B, the TDMA 2 has the size of K which is greater than
or equal to N or less than or equal to L. In other words, the size of the TDMA 2 is
greater than or equal to 1/4 of the size of the spare area 2 or less than or equal to 1/4 ot
the maximum size allocable to the spare area 2. Thus, since the TDMA 2 has the size
of K, the spare area 2 has the size of 4N-K.

[42] After the spare area 2 1s divided into the sub spare area 2 and the TDMA 2, the size
of the TDMA 2 cannot vary. However, the sub spare area 2 may be extended inward or
reduced outward. The extension of the sub spare area 2 1s possible when data 1s not

recorded 1n user data area O adjacent to the sub spare area 2.
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[43]

[44]

[45]

[46]

[47]

48]

[49]

According to the present embodiment, the sub spare area 2 1s extended according
to the size of the TDMA 2. In other words, the sub spare area 2 1s extended so that the
sum of the sizes of the extended sub spare arca 2 and the TDMA 2 does not exceed
four times the size of the TDMA 2. When the size of the TDMA 2 is 1/4 of the size of
the spare area 2, 1.e., N, the spare area 2 may not be extended.

If the amount of data to be recorded 1n a spare area 1s small but a user data area
must be extended, the sub spare area 2 may be reduced. Here, the size of the spare area
2 1s reduced to '0'.

FI(S. SA and 5B are views showing the structure of recording layer L1 of a dual
recording layer write-once disc in which spare areas and a TDMA are allocated to a
data area, according to an embodiment of the present invention.

In the case of the dual recording layer write-once disc according to the present
embodiment, spare arcas 1 and 2 may be allocated to recording layer L0, and spare
arcas 3 and 4 may be allocated to recording layer LL1. Here, 1t 1s preferable that the
spare area 4 1s divided into sub spare area 4 and TDMA 2. All spare areas may be
extended or reduced during the use of the write-once disc. However, the spare area 4 is
most easily extended. Thus, in the present embodiment, the spare area 4 is divided into
the sub spare area 4 and the TDMA 2. Here, like the case of the recording layer L.O of
FI(H. 4A and 4B, the ratio of the size of the spare area 4 to the size ot the TDMA 2 i1s
4:1.

The size range of the TDMA 2 in the spare area 4 and the range of extension or
reduction of the sub spare area 4 are the same as in the embodiment of FI(H. 4A and
4B. However, the present embodiment 1s different from the embodiment of FI(GS. 4A
and 4B 1n that the spare area 4 1s divided into the sub spare arca 4 and the TDMA 2,
user data area 1 1s used from the outside 1n, and the spare area 4 1s used from the inside
out.

FIG. 6 1s a block diagram of a data recording and/or reproducing apparatus,
according to an embodiment of the present invention . Reterring to FIG. 6, the data
recording and/or reproducing apparatus includes a recording and/or reading unit 1, a
controller 2, and a memory 3. Here, a write-once disc 100 may be the single recording
layer write-once disc of FIG. 1A or the dual recording layer write-once disc ot FIG.
1B.

The recording and/or reading unit 1 records data on and/or reproduces data from

the write-once disc 100 under the control of the controller 2. Data to be recorded on
the write-once disc 100 includes user data, a TDFL, a TDDS, and so on. The
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TDDS includes information as to whether a spare area 1s allocated to a data area of the
write-once disc 100, information as to the position and size of the spare area, and 1n-
formation as to the position and size of a sub spare arca and a TDMA 1nto which the
spare area 1s divided.

[50] The controller 2 controls the overall operation of the data recording and/or reprod
ucing apparatus according to the present embodiment. In particular, the controller 2
allocates the spare area to the data area of the write-once disc 100 or divides the spare
area 1nto the sub spare area and the TDMA and records information on the allocation
of the spare area to the data area on the write-once disc 100.

[51] The memory 3 temporarily stores data read from the write-once disc 100 or various
kinds of data to be recorded on the write-once disc 100.

[52] A method of using a write-once disc adopting the data recording and/or re-
producing apparatus of FIG. 6, according to an embodiment of the present invention,
will now be explained.

[53] FIG. 7 1s a tlowchart of a method of using a single recording layer write-once disc,

according to an embodiment of the present invention.

[54] Here, the method will be explained in detail with reterence to the write-once disc
of FI(S. 4A and 4B.
[53] In step 11, the controller 2 allocates an area, which ranges from a predetermined

position of a data area of a recording layer of a single recording layer write-once disc
to the last position of the data area, as a spare area according to the command of a user
or a program. In the case of the write-once disc according to the embodiment ot FIG.
4A, the spare arcas 1 and 2 have been allocated to both ends of the data area O.
However, the spare area 2 allocated to the outside of the data area 0 1s the main area of
the present invention. The allocation of the spare area 1s performed before user data 1s
recorded, 1.e., when the write-once disc 100 1s mitialized.

[56] When the spare area is allocated to the data area, the controller 2 controls the
recording and/or reading unit 1 to record information for indicating that the spare area
has been allocated to the data area and information as to the position and size of the
spare area in a predetermined area ot the write-once disc 100, for example, in a
TDMA.

[57] In step 13, the controller 2 divides the spare area 2 into sub spare area 2 and
TDMA 2 from the inside out according to the command of the user or a program. If
user data 1s recorded 1n the data area from the inside out, the spare area 2 1s divided

into the sub spare area 2 and the TDMA 2 from the inside out, because adjoining the
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[53]

[59]

[60]

[61]

outer edge of a user data area with the sub spare area 2 allows the sub spare area 2 to
be easily extended or reduced. In step 13, it 1s preferable that the size of the TDMA 2
1s greater than or equal to 1/N (N 1s a real number) of the size of the spare area 2. Also,
it 1s preferable that the size of the TDMA 2 1s less than or equal to 1/N of the
maximum size allocable to the sub spare area 2. In the present embodiment, N 1s 4.

Steps 11 and 13 are performed during initialization of the write-once disc 100.
Since the user data is recorded on the write-once disc 100 after the write-once disc 100
18 1nitialized, data 1s recorded in each of at least one spare area and at least one TDMA
of the write-once disc 100.

If a spare area 1s needed when the spare areas 1 and 2 of the write-once disc 100
are almost tull during the use ot the write-once disc 100, in step 15, the controller 2
extends the sub spare area 2 to be less than N times the size of the TDMA 2 toward the
inner edge of the sub spare area 2 according to the command of the user or a program.
Alternatively, 1f the user data area 1s to be extended due to the user data area filling up,
in step 15, the controller 2 reduces the size of the sub spare area 2. When the size of
the sub spare area 2 1s adjusted, the controller 2 controls the recording and/or reading
unit 1 to record information on the adjusted position and/or size of the sub spare area 2
in a predetermined area ot the write-once disc 100, for example, in a TDMA.

The method of using the write-once disc and the data recording and/or reproducing
apparatus, according to the present invention, have been described with reference to
the single recording layer write-once disc of FI(b. 4A and 4B, but may also be applied
to a dual recording layer write-once disc. In other words, as shown 1n FI(®. SA and
5B, the spare area 4 of the recording layer L1 of the dual recording layer write-once
disc may be divided into the TDMA 2 and the sub spare area 4, and then the sub spare
arca 4 may be extended or reduced as 1n the case of the above-described single
recording layer write-once disc.

While the present invention has been particularly shown and described with
reference to exemplary embodiments thereof, it will be understood by those ot
ordinary skill in the art that various changes in form and details may be made therein
without departing from the spirit and scope of the present invention as defined by the

following claims.
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Claims:

1.

A method of using a write-once disc comprising at least one recording layer, the

method comprising:

2.

allocating at least one spare area to a data area of the at least one recording layer; and

dividing the at least one spare area into a sub spare area and a temporary disc

management area,

wherein the size of the temporary disc management area is greater than or equal to

I/N (N 1s a real number) of the size of the spare area, and

wherein user data area which is included in the data area and the sub spare area are

used in the opposite direction.

The method of claim 1, wherein the size of the temporary disc Management area is

less than or equal to 1/N of the maximum size allocable to the spare area.

5.

The method of claim 1, further comprising:

extending the sub spare area in the direction opposite to that in which the user data is
recorded, to be less than or equal to N times the size of the temporary disc

management area.
The method of claim 1, further comprising:
reducing the sub spare area in the direction in which the user data is recorded.

The method of claim 1, wherein each spare area is an area in which the user data is re-

recorded or updated file system information is recorded when the user data recorded in a user

data area has a defect.

6.

The method of claim 1, wherein the temporary disc management area is an area in

which a temporary disc definition structure is recorded.

7.

8.

The method of claim 1, wherein N is 4.

A data recording and/or reproducing apparatus comprising:
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a recording and/or reading unit which records data on and/or reads data from a write-

once disc comprising at least one recording layer; and

a controller which allocates at least one spare area to a data area of the at least one
recording layer, divides the at least one spare area into a sub spare area and a
temporary disc management area, and controls the recording and/or reading unit to
record information on position and/or size of each spare area and information on
position and/or size of the sub spare area and the temporary disc management area on
the write-once disc, wherein the controller determines the size of the temporary disc

management area to be greater than or equal to 1/N of the size of one spare area, and

wherein user data area which is included in the data area and the sub spare area are

used 1n the opposite direction.

9. The data recording and/or reproducing apparatus of claim 8, wherein the controller
determines the size of the temporary disc management area to be less than or equal to 1/N of

the maximum size allocable to one spare area.

10.  The data recording and/or reproducing apparatus of claim 8, wherein the controller
extends the sub spare area in the direction opposite to that in which the user data is recorded,
to be less than or equal to N times of the size of the temporary disc management area, and
controls the recording and/or reading unit to record information on the size of the extended

sub spare area on the write-once disc.

11. The data recording and/or reproducing apparatus of claim 8, wherein the controller

reduces the sub spare area in the direction in which the user data is recorded, and controls the
recording and/or reading unit to record information on the size of the reduced sub spare area

on the write-once disc.

12.  The data recording and/or reproducing apparatus of claim 8, wherein each spare area
1S an area in which the user data is re-recorded or updated file system information is recorded

when the user data recorded in a user data area has a defect.

13.  The data recording and/or reproducing apparatus of claim 8, wherein the temporary

disc management area is an area in which a temporary disc definition structure is recorded.

14.  The data recording and/or reproducing apparatus of claim 8, wherein N is 4.



CA 02540142 2010-07-20

12

15. A single recording layer write-once disc on which user data is recorded from the

inside out, comprising:

a recording layer which comprises a data area, wherein the data area comprises:
a spare area which 1s allocated to an area ranging from a predetermined
position of the data area to the last position of the data area and which is
divided into a sub spare area and a temporary disc management area from the
inside out, wherein the size of the temporary disc management area is greater
than or equal to 1/N (N is a real number) of the size of the spare area, and

wherein user data area which is included in the data area and the sub spare

area are used 1n the opposite direction.

16.  The single recording layer write-once disc of claim 15, wherein the size of the
temporary disc management area is less than or equal to 1/N of the maximum size allocable

to the spare area.

I'7. The single recording layer write-once disc of claim 15, wherein the sub spare area is
an area which is extended inward to be less than or equal to N times the size of the temporary

disc management area.

8. The single recording layer write-once disc of claim 15, wherein the sub spare area is

an area which 1s reduced outward.

19. The single recording layer write-once disc of claim 15, wherein the spare area is an
“area 1n which the user data is re-recorded or updated file system in-formation is recorded

when the user data recorded in a user data area has a defect.

20.  The single recording layer write-once disc of claim 15, wherein the temporary disc

management area 1S an area in which a temporary disc definition structure is recorded.

21.  The single recording layer write-once disc of claim 15, wherein N is 4.
22. A dual recording layer write-once disc comprising:

a first recording layer on which user data is recorded using an opposite track path

method; and
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a second recording layer which comprises a data area, wherein an area ranging from a
predetermined position of the data area to the last position of the data area is allocated
as a spare area which 1s divided into a sub spare area and a temporary disc

management area from the outside 1n, and the size of the temporary disc management

area 1s greater than or equal to 1/N (N is a real number) of the size of the spare area.

23.  The dual recording layer write-once disc of claim 22, wherein the size of the
temporary disc management area 1s less than or equal to 1/N of the maximum size allocable

to the spare area.

24.  The dual recording layer write-once disc of claim 22, wherein the sub spare area 1s an
areca which 1s extended outward to be less than or equal to N times the size of the temporary

disc management area.

25.  The dual recording layer write-once disc of claim 22, wherein the sub spare area is an

area which 1s reduced inward.

26.  The dual recording layer write-once disc of claim 22, wherein the spare area is an area
in which the user data is re-recorded or updated file system information is recorded when the

user data recorded 1n a user data arca has a defect.

27.  The dual recording layer write-once disc of claim 22, wherein the temporary disc

management area 1s an area in which a temporary disc definition structure is recorded.

28.  The dual recording layer write-once disc of claim 22, wherein N is 4.
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