
Description INFORMATION STORAGE MEDIUM, AND RECORDING/
REPRODUCING APPARATUS AND RECORDING/RE PRODUCING
METHOD Technical Field [1] The present invention
relates to an information storage medium and a
recording/ reproducing apparatus and method that can
flexibly operate a middle area of the in formation
storage medium when the information storage medium is
finalized. Background Art [2] Information storage
media, such as optical disks, are widely used in
optical pick-up devices which record information
thereon or reproduce information therefrom in a
contactless manner. Such optical disks can be
classified as either compact disks (CDs) or digital
versatile disks (DVD) according to data recording
capacity. Examples of optical disks that can be
recorded, deleted, and reproduced include 650 MB
CD-Rs, CD-rewritables (RWs), 4.7 GB DVD+R/RWs,
DVD-random access memories (RAMs), and DVD-R/RWs.
Examples of optical disks that are dedicated for data
re production include 650 MB CDs and 4.7 GB DVD-ROMs.
Further, next-generation high density DVDs or Blu-ray
(BD) discs having a recording capacity of 15 GB or
greater are under development. [3] FIG. IA illustrates
the structure of an example rewritable optical disk.
FIG. IB il lustrates the structure of an example
optical disk for data reproduction. As shown in FIG.
IA, the rewritable optical disk IOOA includes a
lead-in area 110, which is generally located near the
inner circumference of the optical disk IOOA, a
lead-out area 120, which is generally located near the
outer circumference of the optical disk IOOA, and a
user data area 130, which is located between the
lead-in and lead-out areas 110 and 120 and in which
user data is recorded. Similarly, the optical disk
IOOB for data reproduction, as shown in FIG. IB, also
includes a lead-in area 110, which is generally
located near the inner circumference of the optical
disk IOOA, a lead-out area 120, which is generally
located near the outer circumference of the optical
disk IOOA, and a user data area 130, which is located
between the lead-in and lead-out areas 110 and 120 and
in which user data is recorded. As shown in FIG. IA
and FIG. IB, the lead-in area 110 and in the lead-out
area 120 of both the rewritable optical disk IOOA and
the optical disk for data reproduction IOOB are almost
identical. However, the lead-in area 110 of the
rewritable optical disk IOOA, as shown in FIG. IA,
includes an optimum power test zone for optimum power
control (OPC). such an optimum power test zone is not
required in the case of the optical disk for data
reproduction IOOB, as shown inFIG. IB. 



[4] The optical power control (OPC) is utilized to
determine the best recording laser power setting for
each optical disk and a recording and/or reproducing
apparatus combination. Specifically, such an OPC is
about recording user data in the optimum power test
zone using various recording powers before the
recording and/or re producing apparatus records the
user data on the rewritable optical disk to determine
an optimum recording power for recording data on an
optical disk, such as CD-R, CDR/ RW, DVD-R/RW, HD-DVD.
[5] In the rewritable optical disk 10OA, as shown in
FIG. IA, the optimum power test zone of a fixed size
is allocated at a fixed location. Thus, it is not
possible to allocate an additional optimum power test
zone or increase the size of the optimum power test
zone on the optical disk. Since the recording
characteristics of an optical disk including a
plurality of recording layers depend on the recording
layer in which data is recorded first, the optimum
power test zone for OPC should be placed in
consideration of the recording characteristics of the
optical disk. In particular, when the optimum power
test zone is allocated in an outer circumferential
area of the optical disk, the recording
characteristics of the outer circumferential area must
be considered. [6] The recording characteristics of
the outer circumferential area of the optical disk
including a plurality of recording layers are poorer
than those of an outer circum ferential area of an
optical disk having a single recording layer, which
must also be taken into consideration. Similarly, in
addition to the optimum power test zone, when an area
for other use purposes is allocated in the outer
circumferential area of the optical disk, the
recording characteristics of the outer circumferential
area must also be considered. [7] For an optical disk
comprising two recording layers Ll and L2, the
recording char acteristics of the recording layer L2
depends on whether data has been recorded in the
recording layer Ll close to a pick-up unit. In the
case of sequential data recording, data is always
recorded first in the recording layer Ll. When test
data is recorded in the optimum power test zone for
OPC included in the recording layer L2, a pre-recorded
zone should be allocated in the recording layer Ll in
advance since the test data must be recorded first in
the recording layer Ll. [8] However, allocation of
such a pre-recorded zone increases the manufacturing
cost of a data recording and/or reproducing apparatus.
Hence, the allocation of the pre recorded zone and the
optimum power test zone for OPC needs to be
selectively determined. In this case, the optical disk
requires an OPC zone at a predetermined location and
an OPC zone that can selectively be used by a drive
system. [9] In terms of time, to effectively record
data in the outer circumferential area of an 



optical disk having two recording layers Ll and L2,
the position of a middle area in theoptical disk may
be different from the same position in an optical disk
having a single recording layer. In this case, diverse
layouts of the optical disk having the two recording
layers Ll and L2 are required to allocate the optimum
power test zone for OPC in the outer circumferential
area of the optical disk. [10] Since the middle area
is used when a pickup unit of a drive system moves
among two or more recording layers, the small area
must be longer than a predetermined length to achieve
a desired jump performance. When the optical disk
having the structure described above is finalized to
stably determine the middle area, the middle area may
be insufficient for data recording. Disclosure of
Invention Technical Problem [11] Accordingly, there is
a need for an information storage medium comprising
multiple recording layers provided with at least one
middle area used by a recording and/or reproducing
apparatus to move among the recording layers such that
the middle area can be flexibly extended when the
information storage medium is finalized. Also needed
is a recording and/or reproducing apparatus provided
with the ability to extend the middle area of an
information storage medium comprising two or more
recording layers and to record data of a predetermined
pattern in the extended middle area. Technical
Solution [12] Various aspects and example embodiments
of the present invention advantageously provide an
information storage medium and a recording/reproducing
apparatus and method that can flexibly operate a
middle area of the information storage medium for
efficient data recording, when the information storage
medium is finalized. Advantageous Effects [13] The
present invention advantageously provides recording
methods and techniques for a multi-layer information
storage medium, that is, a disk, when such a disk
having an OPC area for obtaining optimum recording
conditions (such as recording power) in an outer
circumference thereof is finalized, and in the event
if a middle area of the disk is not large enough, the
middle area can flexibly be extended to ensure better
data recording and reproduction. Description of
Drawings [14] FlG. IA illustrates the structure of an
example rewritable optical disk; [15] FlG. IB
illustrates the structure of an example optical disk
for data reproduction; [16] FlG. 2A illustrates the
structure of an optical disk according to an
embodiment of the present invention; [17] FlG. 2B
illustrates a first middle area of a first recording
layer that is extended, 



when an optical disk shown in FlG. 2A is finalized;
[18] FlG. 2C illustrates a second middle area of a
second recording layer that is extended when an
optical disk has the structure shown in FlG. 2B; [19]
FlG. 3A illustrates the structure of an optical disk
according to another embodiment of the present
invention; [20] FlG. 3B illustrates a first middle
area of a first recording layer that is extended, when
an optical disk shown in FlG. 3A is finalized; [21]
FlG. 3C illustrates a second middle area of a second
recording layer that is extended, when an optical disk
has the structure shown in FlG. 3B; [22] FlG. 4A
illustrates the structure of an optical disk according
to yet another embodiment of the present invention;
[23] FlG. 4B illustrates a first middle area of a
first recording layer that is extended, when an
optical disk shown in FlG. 4A is finalized; [24] FlG.
4C illustrates a third middle area of a second
recording layer that is extended when an optical disk
has the structure shown in FlG. 4B; [25] FlG. 5A
illustrates the structure of an optical disk according
to another embodiment of the present invention; [26]
FlG. 5B illustrates a first middle area of a first
recording layer that is extended, when an optical disk
shown in FlG. 5A is finalized; [27] FlG. 5C
illustrates a third middle area of a second recording
layer that is extended, when an optical disk has the
structure shown in FlG. 5B; and [28] FlG. 6 is a
schematic block diagram of an example
recording/reproducing apparatus utilizing an optical
disk according to an embodiment of the present
invention. Best Mode [29] According to an aspect of
the present invention, there is provided an
information storage medium including at least one
middle area used by a recording/reproducing apparatus
that records/reproduces data on/from the information
storage medium to move among multiple recording
layers, wherein the at least one middle area is
extended when the information storage medium is
finalized. [30] A dedicated area for a special purpose
may be disposed after the at least one middle area,
and, when the information storage medium is finalized,
the at least one middle area may be extended to at
least a portion of the dedicated area. [31] The
dedicated area may include a test area for testing
data recording/reproducing characteristics of the
information storage medium. Data having lead-out
properties may be recorded in the at least one middle
area. [32] The middle area may variably be disposed
after a user data area where user data is 



recorded, an unrecorded area where the user data is
not recorded may remain unrecorded, such that the at
least one middle area may be extended to at least a
portionof the unrecorded area when the information
storage medium is finalized. [33] The at least one
middle area may include a first middle area variable
disposed after the user data area where the user data
is recorded and a second middle area fixedly disposed
at a predetermined position in an outer circumference
of the information storage medium, wherein, when the
information storage medium is finalized, the first
middle area may be extended to the at least portion of
the unrecorded area where the user data is not
recorded. [34] The at least one middle area may
variably be disposed after the user data area where
the user data is recorded, a dedicated area for a
special purpose may be disposed after the at least one
middle area, and the middle area may be extended to
the at least portion of the dedicated area when the
information storage medium is finalized. [35]
According to another aspect of the present invention,
a recording/reproducing apparatus is provided for
recording or reproducing data on or from an
information storage medium. Such a
recording/reproducing apparatus includes: a
writing/reading unit which records the data on the
information storage medium or reads the data from the
information storage medium; and a control unit which
controls the writing/reading unit to record the data
on the information storage medium or read the data
from the in formation storage medium and, when the
information storage medium is finalized, extends at
least one middle area that is formed in the
information storage medium and used by the
writing/reading unit to move among at least two
recording layers of the in formation storage medium.
[36] According to another aspect of the present
invention, there is provided a method of recording or
reproducing data on or from an information storage
medium. The method includes extending at least one
middle area that is formed in the information storage
medium and used by a recording/reproducing apparatus
recording or reproducing data on or from the
information storage medium to move among at least two
recording layers of the information storage medium
when the information storage medium is finalized. Mode
for Invention [37] FlG. 2A illustrates the structure
of an optical disk according to an embodiment of the
present invention. The optical disk illustrated in
FlG. 2A is a dual-layer optical disk comprising two
recording layers, that is, first and second recording
layers Ll and L2. In the disk structure illustrated in
FlG. 2A, middle areas and dedicated areas are fixed at
predefined positions in an outer circumference of the
optical disk. Data can be record on the dual-layer
optical disk in an opposite track path (OTP) manner.
For 



example, data can be recorded on the first recording
layer Ll from an inner cir cumference to an outer
circumference of the first recording layer Ll, and on
the second recording layer L2 from an outer
circumference to an inner circumference of thesecond
recording layer L2. [38] Referring to FlG. 2A, the
first recording layer Ll includes a first data area 1
and a first outer area. The first outer area includes
a first middle area 2, a first unused area 3, a first
buffer area 4, and a first dedicated area 5, which are
sequentially disposed from an inner circumference of
the optical disk to an outer circumference thereof.
Similarly, the second recording layer L2 includes a
second data area 6 and a second outer area. The second
outer area includes a second middle area 7, a second
dedicated area 8, a second buffer area 9, and a second
unused area 10, which are sequentially disposed from
the inner circumference of the optical disk to the
outer circumference thereof. [39] The first data area
1 of the first recording layer Ll and the second data
area 6 of the second recording layer L2 represent
areas where user data is recorded. In the first middle
area 2 and the second middle area 7, a predetermined
pattern of data indicating the end of the first and
second data areas 1 and 6 is recorded respectively. A
data recording and/or reproducing apparatus reads and
decodes the predetermined pattern of data and
recognizes that the areas in which the predetermined
pattern of data is recorded are the first and second
middle areas 2 and 7, and not the first and second
data areas 1 and 6. Generally, the predetermined
pattern of data has lead-out properties. [40] The
first and second dedicated areas 5 and 8 are used by
the data recording and/or reproducing apparatus for
special purposes. For example, the first and second
dedicated areas 5 and 8 may be used as test areas for
optimum power control (OPC). However, the first and
second dedicated area 5 and 8 may also be used for
purposes other than as the test areas. For example,
information regarding data recording performed before
a drive system records user data may be recorded in
the first and second dedicated areas 5 and 8. In
addition, information regarding what data is recorded
by which data recording and/or reproducing apparatus
may also be recorded in the first and second dedicated
areas 5 and 8 of the first and second recording layers
Ll and L2 respectively. [41] As their name indicates,
the first and second unused areas 3 and 10 represent
areas that are not used at all. Recording
characteristics of optical disks including a plurality
of rewritable recording layers depend on a recording
layer in which data is recorded first. In particular,
outer circumferential areas of the optical disks have
poorer recording characteristics than inner
circumferential areas thereof. Therefore, an area in
the second recording layer L2, which corresponds to
the first dedicated area 5 in the first recording
layer Ll, is designated as the second unused area 10
such that no data is 



recorded in the second unused area 10. Similarly, an
area in the first recording layer Ll, which
corresponds to the second dedicated area 8, is
designated as the first unused area 3 such that no
data is recorded in the first unused area 3. [42] If
the first and second dedicated areas 5 and 8 are used
as test areas, and data is tobe recorded in the second
recording layer L2, a laser beam passes through the
first recording layer Ll and is incident on the second
recording layer L2. The laser beam passes through the
first unused area 3 and data is test-recorded in the
second dedicated area 8. Then, a recording condition
for the second recording layer L2 is identified in
consideration of attribute parameters of the second
recording layer L2 in addition to the test-recording
result. [43] The first and second buffer areas 4 and 9
are formed in consideration of the e c centricity of
the optical disk and a size of an irradiated beam. In
other words, when a laser beam is focused on a
location in the second recording layer L2 though an
object lens of the data recording and/or reproducing
apparatus, an area in the first recording layer Ll
corresponding to a radius of the laser beam is
affected by the laser beam. The sizes of the first and
second buffer areas 4 and 9 can be predetermined
according to the effects of a laser beam irradiated to
other recording layers to record data, the size of the
optical beam, and the eccentricity of the optical
disk. [44] To record data using the first and second
dedicated areas 5 and 8 in the disk structure as shown
in FlG. 2A as test areas, an OPC test is conducted in
the first and second dedicated areas 5 and 8 before
data is recorded in the first and second data areas 1
and 6 of the first and second recording layers Ll and
L2 respectively. Then, the data is recorded from an
inner circumference of the first recording layer Ll to
an outer circumference thereof. After data recording
in the first data area 1 of the first recording layer
Ll is completed, data is recorded from an inner
circumference of the second recording layer L2 to an
outer circumference thereof. When data recording in
the second recording layer L2 is completed, disk
finalization is performed. That is, data having
lead-out properties (for example, 0Oh) is recorded in
the first and second middle areas 2 and 7 of the first
and second recording layers Ll and L2 respectively.
[45] If a predetermined space for the first and second
middle areas 2 and 7 of the first and second recording
layers Ll and L2 is not large enough, the first and
second middle areas 2 and 7 can be extended as
illustrated in FlG. 2B. [46] FlG. 2B illustrates the
first middle area 2 of the first recording layer Ll
that is extended when the optical disk shown in FlG.
2A is finalized (i.e., data having lead-out properties
is recorded in the first and second middle areas 2 and
7 upon completion of data recording on the first and
second recording layers Ll and L2). Referring to FlG.
2B, the first middle area 2 can be extended to the
first dedicated area 5, which has 



already been used, thereby covering the first unused
area 3 and the first buffer area 4. In other words,
data having lead-out properties may be recorded as far
as the first dedicated area 5. In FlG. 2B, the
extended first middle area 2 is indicated by diagonal
lines. The first middle area 2 in FlG. 2B is extended
to the first dedicated area 5, thereby covering the
first unused area 3 and the first buffer area 4.
However, the firstmiddle area 2 may also be extended
up to a position between the first unused area 3 and
the first dedicated area 5 of the first recording
layer Ll. [47] FlG. 2C illustrates the second middle
area 7 of the second recording layer L2 that is
extended when the optical disk has the structure
illustrated in FlG. 2B. Referring to FlG. 2C, the
second middle area 7 is extended to the second unused
area 10, covering the second dedicated area 8 and the
second buffer area 9. [48] FlG. 3A illustrates the
structure of an optical disk according to another
embodiment of the present invention. The optical disk
is a dual-layer optical disk comprising two recording
layers, that is, first and second recording layers Ll
and L2. However, in the structure of the optical disk
illustrated in FlG. 3A, positions of middle areas are
flexible; only dedicated areas are fixed at predefined
positions on the first recording layer Ll and the
second recording layer L2 respectively. [49] In
addition, when data is to be recorded on the optical
disk having the first and second recording layers Ll
and L2, if the capacity of user data to be recorded is
smaller than the total recordable capacity of the
optical disk, the data recording and/or reproducing
apparatus determines the size of a data area in each
of the first and second recording layers Ll and L2 and
flexibly places the middle areas. [50] Since a start
position of the data area in each of the first and
second recording layers Ll and L2 is predetermined,
once the capacity of user data to be recorded is
determined, an end position of the data area can be
determined. The determined size of the data area
should be smaller than the original size of the data
area; accordingly, the size of an outer area in each
of the first and second recording layers Ll and L2
should increase. [51] Referring to FlG. 3A, the first
recording layer Ll includes the data area and a first
outer area. The data area includes a first user data
area 11 where user data is actually recorded, a first
middle area 12, and a first unrecorded area 13, which
are sequentially disposed from an inner circumference
of the optical disk to an outer circumference thereof.
The first outer area includes a first unused area 14,
a first buffer area 15, and a first dedicated area 16.
[52] Similarly, the second recording layer L2 includes
the data area and a second outer area. The data area
includes a second user data area 17 where user data is
actually recorded, a second middle area 18, and a
second unrecorded area 19 sequentially 



disposed from the inner circumference of the optical
disk to the outer circumference thereof. The second
outer area includes a second dedicated area 20, a
second buffer area 21, and a second unused area 22.
[53] FlG. 3B illustrates the first middle area 12 of
the first recording layer Ll that is extended when the
optical disk shown in FlG. 3A is finalized. Referring
to FlG. 3B, the first middle area 12 of the first
recording layer Ll is extended to a portion 12-1 ofthe
first unrecorded area 13. [54] FlG. 3C illustrates the
second middle area 18 of the second recording layer 2
that is extended when the optical disk has the
structure illustrated in FlG. 3B. Referring to FlG.
3C, the second middle area 18 of the second recording
layer L2 is extended to a portion 18-1 of the second
unrecorded area 19. [55] Referring to FlG. 3A, if data
is recorded up to a point 'A' in the first user data
area 11 of the first recording layer Ll, the first
middle area 12 is formed right after the point 'A'.
Referring to FlG. 3B, data is recorded in the first
middle area 12. If the first middle area 12 is not
large enough, the data invades the first unrecorded
area 13 and is recorded there. Referring to FlG. 3C,
after data recording in the first middle area 12 of
the first recording layer Ll is completed, data is
recorded in the second middle area 18 of the second
recording layer L2. If the second middle area 18 of
the second recording layer L2 is not large enough, the
data invades the second unrecorded area 19 of the data
area and is recorded there. [56] FlG. 4A illustrates
the structure of an optical disk according to another
embodiment of the present invention. The optical disk
is also a dual-layer optical disk comprising two
recording layers, that is, first and second recording
layers Ll and L2. However, in the disk structure
illustrated in FlG. 4A, middle areas are fixed at
predefined positions, or flexibly allocated in an
outer circumference of the optical disk, whereas
dedicated areas are fixed at predefined positions in
the outer circumference of the optical disk. [57]
Referring to FlG. 4A, a first recording layer Ll
includes a data area and a first outer area. The data
area includes a first user data area 3 1 where user
data is actually recorded, a first middle area 32, and
a first unrecorded area 33, which are sequentially
disposed from an inner circumference of the optical
disk to an outer circumference thereof. The first
outer area includes a fixed second middle area 34, a
first unused area 35, a first buffer area 36, and a
first dedicated area 37. [58] A second recording layer
L2 includes a data area and a second outer area. The
data area includes a second user data area 38 where
user data is actually recorded, a third middle area
39, and a second unrecorded area 40, which are
sequentially disposed from the inner circumference of
the optical disk to the outer circumference thereof.
The 



second outer area includes a fixed fourth middle area
41, a second dedicated area 42, a second buffer area
43, and a second unused area 44. [59] FlG. 4B
illustrates the first middle area 32 of the first
recording layer Ll that is extended when the optical
disk shown in FlG. 4A is finalized. Referring to FlG.
4B, the first middle area 32 of the first recording
layer Ll is extended to a portion 32-1 of the first
unrecorded area 33. [60] FlG. 4C illustrates the third
middle area 39 of the second recording layer 2 that
isextended when the optical disk has the structure
illustrated in FlG. 4B. Referring to FlG. 4C, the
third middle area 39 of the second recording layer L2
is extended to a portion 39-1 of the second unrecorded
area 40. [61] Referring to FlG. 4A, if data is
recorded up to a point 'B' in the first user data area
3 1 of the first recording layer Ll, the first middle
area 32 is formed right after the point 'B'. Referring
to FlG. 4B, data is recorded in the first middle area
32. If the first middle area 32 is not large enough,
the data invades the first unrecorded area 33 and is
recorded there. Referring to FlG. 4C, after data
recording in the first middle area 32 and the portion
32-1 of the first recording layer Ll is completed,
data is recorded in the third middle area 39 of the
second recording layer L2. If the third middle area 39
of the second recording layer L2 is not large enough,
the data invades the second unrecorded area 40 of the
data area and is recorded there. [62] The disk
structure of FlG. 3A is different from that of FlG. 4A
in that the first and second middle areas 12 and 18 of
the first and second recording layers Ll and L2 il
lustrated in FlG. 3A are flexible while the second and
fourth middle areas 34 and 4 1 of the first and second
recording layers Ll and L2 illustrated in FlG. 4A are
initially fixed at predefined positions and the first
and third middle areas 32 and 39 are further arranged
at a portion where data recording ends in the data
areas. [63] FlG. 5A illustrates the structure of an
optical disk according to another embodiment of the
present invention. Similarly to FIGS. 3A-3C and FIGS.
4A-4C, the optical disk is also a dual-layer optical
disk comprising two recording layers, that is, first
and second recording layers Ll and L2. However, in the
structure of the optical disk il lustrated in FlG. 5A,
middle areas and dedicated areas are fixed at
predefined positions, or flexibly placed in an outer
circumference of the optical disk. [64] Referring to
FlG. 5A, a first recording layer Ll includes a data
area and a first outer area. The data area includes a
first user data area 5 1 where user data is actually
recorded, a first middle area 52, a first unused area
53, a first buffer area 54, a first dedicated area 55,
and a first unrecorded area 56, which are sequentially
disposed from an inner circumference of the optical
disk to an outer circumference thereof. The first
outer area includes a fixed second middle area 57, a
second unused area 58, a second 



buffer area 59, and a second dedicated area 60. [65] A
second recording layer L2 includes a data area and a
second outer area. The data area includes a second
user data area 6 1 where user data is actually
recorded, a third middle area 62, a third dedicated
area 63, a third buffer area 64, a third unused area
65, and a second unrecorded area 66, which are
sequentially disposed from the inner cir cumference of
the optical disk to an outer circumference thereof.
The second outer area includes a fourth middle area
67, a fourth dedicated area 68, a fourth buffer area
69, and a fourth unused area 70.[66] FlG. 5B
illustrates the first middle area 52 of the first
recording layer Ll that is extended when the optical
disk of FlG. 5A is finalized. Referring to FlG. 5B,
the first middle area 52 may be extended to the first
dedicated area 55, which has already been used,
covering the first unused area 53 and the first buffer
area 54. In other words, data having lead-out
properties may be recorded as far as the first
dedicated area 55. In FlG. 5B, the first middle area
52 is extended to the first dedicated area 55,
covering the first unused area 53 and the first buffer
area 54. However, the first middle area 52 may also be
extended to somewhere between the first unused area 53
and the first dedicated area 55. [67] FlG. 5C
illustrates the third middle area 62 of the second
recording layer 2 that is extended when the optical
disk has the structure illustrated in FlG. 5B.
Referring to FlG. 5C, the third middle area 62 may be
extended to the third dedicated area 65, which has
already been used, covering the third unused area 63
and the third buffer area 64. [68] It can be seen from
FlG. 5A that the first and third middle areas 52 and
62 and the first and third dedicated areas 55 and 63
of the first and second recording layers Ll and L2 are
flexible. Initially, the second and fourth middle
areas 57 and 67 and the second and fourth dedicated
areas 60 and 68 of the first and second recording
layers Ll and L2 are fixed at predefined positions in
the outer circumference of the optical disk. However,
the first and third middle areas 52 and 62 and the
first and third dedicated areas 55 and 63 of the first
and second recording layers Ll and L2 may be flexibly
extended according to an amount of data to be
recorded. In other words, when a drive system is aware
of the amount of data to be recorded on the optical
disk, the first and third middle areas 52 and 62 or
the first and third dedicated areas 55 and 63 are
extended and formed right after a point C up to which
data is to be recorded as il lustrated in FlG. 5A.
[69] Before data is recorded in the data areas, it is
test-recorded in the dedicated areas if the dedicated
areas are used as test areas. As illustrated in FlG.
5A, if the data is recorded up to the point C in the
first user data area 51, the first middle area 52 is 



formed right after the point C . [70] Referring to
FlG. 5B, data is recorded in the first middle area 52
to finalize the optical disk. If the first middle area
52 is not large enough, the data invades up to the
first dedicated area 55 and is recorded there.
Referring to FlG. 5C, after data recording in the
first middle area 52 of the first recording layer Ll
is completed, data is recorded in the third middle
area 62 of the second recording layer L2. If the third
middle area 62 is not large enough, the data invades
up to the third unused area 65 and is recorded there.
[71] Turning now to FlG. 6, a schematic block diagram
of an example data recordingand/or reproducing
apparatus utilizing a disk 100 according to an
embodiment of the present invention is illustrated.
Referring to FlG. 6, the data recording and/or re
producing apparatus includes a writing/reading unit 80
and a control unit 90. For purposes of brevity, the
data recording and/or reproducing apparatus 200,
albeit in whole or in part, can also be referred to as
a drive system which can be internal (housed within a
host) or external (housed in a separate box that
connects to a host (not shown). In addition, the disk
100 can be any optical disk such as, for example,
CD-R, CD-R/RW, DVD-R/RW, HD-DVD implemented in the
manner as described with reference to HGS. 2A-2C, HGS.
3A-3C, HGS. 4A-4C, and HGS. 5A-5C. [72] The
writing/reading unit 80, which includes a pickup,
records data on the disk 100, which is an optical
information storage medium according to the present
invention, and reads the recorded data from the disk
100 for data reproduction. The control unit 90
controls the writing/reading unit 80 so that the
writing/reading unit 80 can record data on the disk
100 according to a predetermined file system, and
process data read by the writing/reading unit 80 to
obtain valid data. In particular, when the disk 100
including a dedicated area that is used to record data
in an outer circumference thereof is finalized, if a
middle area turns out to be insufficient, the control
unit 90 extends the middle area. [73] As shown in FlG.
6, the control unit 90 includes a system controller
91, a host interface (I/F) 92, a digital signal
processor (DSP) 93, a radio frequency amplifier (RF
AMP) 94, and a servo 95. For data recording, the host
I/F 92 receives a write command from a host (not
shown) and transmits the write command to the system
controller 91. The system controller 9 1 controls the
DSP 93 and the servo 95 to execute the write command
received from the host I/F 92. The DSP 93 receives
data to be recorded from the host I/F 92, adds
additional data such as parity bits for error
correction to the data, and error-correction-code
(ECC)-encodes the addition result. Then, the DSP 93
generates an ECC block, which is an error correction
block, and modulates the ECC block using a
predetermined method. 



[74] The RF AMP 94 converts data output from the DSP
93 into an RF signal. The writing/reading unit 80 that
includes the pickup unit records the RF signal
transmitted from the RF AMP 94 on the disk 100. The
servo 95 receives a servo-control command and
servo-controls the pickup of the writing/reading unit
80. [75] In particular, the system controller 9 1
finalizes the disk 100 when data recording in a data
area of the disk 100 is completed. Here, a middle area
indicates the completion of data recording in the data
area and data is recorded in the middle area formed
such that the pickup unit can move among two or more
recording layers. If the middle area of a
predetermined size is not large enough, the system
controller 9 1 extends the middle area and controls
the writing/reading unit 80 to record data in the
extendedmiddle area. [76] For data reproduction, the
host I/F receives a read command from the host. The
system controller 9 1 is initialized for data
reproduction. The writing/reading unit 80 irradiates a
laser beam to the disk 100, receives the laser beam
reflected by the disk 100, and outputs an optical
signal. The RF AMP 94 converts the optical signal
received from the writing/reading unit 80 into an RF
signal and output modulated data obtained using the RF
signal to the DSP 93. Also, the RF AMP 94 supplies a
servo signal obtained using the RF signal to the servo
95. [77] The DSP 93 demodulates the modulated data,
performs ECC error correction on the demodulated data,
and outputs data obtained after the ECC error
correction. The servo 95 receives the servo signal
from the RF AMP 94 and a servo control command from
the system controller 9 1 and servo-controls the
pickup of the writing/reading unit 80. The host I/F 92
transmits the data output from the DSP 93 to the host.
The data recording and/or reproducing apparatus as
shown in FIG. 6 may be a single apparatus or may be
separated into a recording apparatus (i.e., recorder)
and a reading apparatus (i.e., player). [78] While the
present invention has been particularly shown and
described with reference to exemplary embodiments
thereof, it will be understood by those of 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. For
example, other information storage media, such as
blu-ray (BD) discs, Advanced Optical Disks (AODs), and
holographic data storage devices may be utilized, as
long as the middle areas can be extended in the manner
as described with reference to FIGS. 2A-2C, FIGS.
3A-3C, FIGS. 4A-4C, and HGS. 5A-5C . In addition, both
the middle areas and dedicated areas can be fixed
and/or flexible in designated areas of an optical
disk. Data can also be recorded on the dual-layer or
multi-layer information storage medium in a parallel
track path (PTP) manner, that is, a direction in which
data is recorded on the 



first recording layer Ll may be the same as a
direction in which data is recorded on the second
recording layer L2. Similarly, the system controller
can be implemented as a chipset having firmware, or
alternatively, a general or special purposed computer
programmed to implement methods as described with
reference to FIGS. 2A-2C, FIGS. 3A-3C, FIGS. 4A-4C,
and HGS. 5A-5C. Accordingly, it is intended,
therefore, that the present invention not be limited
to the various example embodiments disclosed, but that
the present invention includes all embodiments falling
within the scope of the appended claims.Claims [1] 1.
An information storage medium comprising: a plurality
of recording layers, each including a user data area
for recording user data and at least one middle area
used by a recording/reproducing apparatus that
records/reproduces data on/from the information
storage medium to move among the recording layers,
wherein the at least one middle area is extended when
the information storage medium is finalized. 2. The
information storage medium as claimed in claim 1,
wherein a dedicated area for a special purpose is
disposed after the at least one middle area, and, when
the information storage medium is finalized, the at
least one middle area is extended to at least a
portion of the dedicated area. 3. The information
storage medium as claimed in claim 2, wherein the
dedicated area comprises a test area for testing data
recording/reproducing characteristics of the
information storage medium. 4. The information storage
medium as claimed in claim 1, wherein data having
lead-out properties is recorded in the at least one
middle area. 5. The information storage medium as
claimed in claim 1, wherein the at least one middle
area is variably disposed after the user data area
where user data is recorded, and an unrecorded area
where the user data is not recorded remains
unrecorded, and wherein the at least one middle area
is extended to at least a portion of the unrecorded
area when the information storage medium is finalized.
6. The information storage medium as claimed in claim
1, wherein the at least one middle area comprises a
first middle area variable disposed after the user
data area where the user data is recorded and a second
middle area fixedly disposed at a predetermined
position in an outer circumference of the in formation
storage medium, and wherein, when the information
storage medium is finalized, the first middle area is
extended to the at least portion of the unrecorded
area where the user data is not recorded. 



7. The information storage medium as claimed in claim
1, wherein the at least one middle area is variably
disposed after the user data area where the user data
is recorded, and a dedicated area for a special
purpose is disposed after the at least one middle
area, and wherein the middle area is extended to the
at least portion of the dedicated area when the
information storage medium is finalized. 8. A
recording/reproducing apparatus for recording or
reproducing data on or from an information storage
medium, comprising: a writing/reading unit which
records data on the information storage medium orreads
recorded data from the information storage medium; and
a control unit which controls the writing/reading unit
to record the data on the in formation storage medium
or read the recorded data from the information storage
medium and, when the information storage medium is
finalized, extends at least one middle area that is
formed in the information storage medium and used by
the writing/reading unit to move among at least two
recording layers of the in formation storage medium.
9. The recording/reproducing apparatus as claimed in
claim 8, wherein the control unit further controls the
writing/reading unit to record and read data having
lead-out properties in at least an extended middle
area. 10. The recording/reproducing apparatus as
claimed in claim 8, wherein the control unit extends
the at least one middle area to at least a portion of
a dedicated area for a special purpose disposed after
the at least one middle area when the information
storage medium is finalized. 11. The
recording/reproducing apparatus as claimed in claim
10, wherein the control unit uses the dedicated area
as a test area for testing data recording/re producing
characteristics of the information storage medium. 12.
The recording/reproducing apparatus as claimed in
claim 8, wherein the control unit variably places the
at least one middle area after a point in a user data
area up to which user data is recorded, leaves the
rest of the user data area unrecorded, and extends the
at least one middle area to at least a portion of the
unrecorded area when the information storage medium is
finalized. 13. The recording/reproducing apparatus as
claimed in claim 8, wherein the control unit variably
places a first middle area after the point in a user
data area up to which the user data is recorded in
addition to a second middle area fixed at a
predetermined position in an outer circumference of
the information storage medium, leaves the rest of the
user data area unrecorded, and extends the first
middle area to the at least portion of the unrecorded
area when the information storage medium is finalized.



14. The recording/reproducing apparatus as claimed in
claim 8, wherein the control unit variably places the
at least one middle area after the point in a user
data area up to which the user data is recorded,
places a dedicated area after the at least one middle
area, and extends the at least one middle area to the
at least portion of the dedicated area for a special
purpose when the information storage medium is
finalized. 15. A method of recording or reproducing
data on or from an information storage medium,
comprising: extending at least one middle area that is
formed in the information storagemedium and used by a
recording/reproducing apparatus for recording or re
producing data on or from the information storage
medium to move among at least two recording layers of
the information storage medium when the in formation
storage medium is finalized. 16. The method as claimed
in claim 15, further comprising recording data having
lead-out properties in the extended at least one
middle area. 17. The method as claimed in claim 15,
wherein the extension of the at least one middle area
comprises extending the at least one middle area to at
least a portion of a dedicated area for a special
purpose disposed after the at least one middle area.
18. The method as claimed in claim 17, wherein test
data for testing data recording/reproducing
characteristics of the information storage medium is
recorded in the dedicated area. 19. The method as
claimed in claim 15, further comprising variably
placing the at least one middle area after a point in
a user data area up to which user data is recorded and
leaving the rest of the user data area unrecorded,
wherein the extension of the at least one middle area
comprises extending the at least one middle area to at
least a portion of the unrecorded area when the
information storage medium is finalized. 20. The
method as claimed in claim 15, further comprising
variably placing a first middle area after a point in
a user data area up to which the user data is recorded
in addition to a second middle area fixed at a
predetermined position in an outer circumference of
the information storage medium and leaving the rest of
the user data area unrecorded, wherein the extension
of the at least one middle area comprises extending
the first middle area to the at least portion of the
unrecorded area when the information storage medium is
finalized. 21. The method as claimed in claim 15,
further comprising variably placing the at least one
middle area after a point in a user data area up to
which the user data 



is recorded and placing the dedicated area after the
at least one middle area, wherein the extension of the
at least one middle area comprises extending the at
least one middle area to the at least portion of the
dedicated area when the in formation storage medium is
finalized. 22. An information storage medium
comprising: a plurality of recording layers each
comprising a user data area to record user data, at
least one middle area to record reference data used by
a recording and/or reproducing apparatus to move among
the recording layers, and at least one dedicated area
to record data based on optimum recording conditions
for the recording and/or reproducing apparatus to
optimally record/reproduce user dataon/from the user
data area; wherein the at least one middle area is
extendable to record the reference data, when the
information storage medium is finalized. 23. The
information storage medium as claimed in claim 22,
wherein the middle area of each recording layer is
flexibly positioned in an outer circumference of the
information storage medium, while the dedicated area
is fixed in the outer circumference of the information
storage medium. 24. The information storage medium as
claimed in claim 22, wherein the middle area and the
dedicated area of each recording layer are flexibly
positioned, or fixed in an outer circumference of the
information storage medium. 25. The information
storage medium as claimed in claim 22, wherein the at
least one middle area is variably disposed in an outer
circumference of the information storage medium after
the user data area where user data is recorded and an
unrecorded area where the user data is not recorded
remains unrecorded, and wherein the at least one
middle area is extended to at least a portion of the
unrecorded area when the information storage medium is
finalized. 26. The information storage medium as
claimed in claim 22, wherein the at least one middle
area comprises a first portion variable disposed after
the user data area where the user data is recorded and
a second portion fixedly disposed at a predetermined
position in an outer circumference of the information
storage medium, and wherein, when the information
storage medium is finalized, the first middle area is
extended to the at least portion of the unrecorded
area where the user data is not recorded. 27. The
information storage medium as claimed in claim 22,
wherein the at least one middle area is variably
disposed after the user data area where the user data
is recorded and a dedicated area for a special purpose
is disposed after the at least one middle area, and
wherein the middle area is extended to the at least
portion 



of the dedicated area when the information storage
medium is finalized. 28. An apparatus comprising: a
writer which records data on an information storage
medium comprising a plurality of recording layers each
including a user data area to record user data, at
least one middle area to record reference data used to
move among the recording layers; and a controller
which controls the writer to record the data on the
information storage medium and, when the information
storage medium is finalized, extends at least one
middle area and controls the writer to record
reference data in at least an extended middle area.
29. The apparatus as claimed in claim 28, wherein the
reference data exhibitslead-out properties indicating
the completion of data recording in the user data
area. 30. The apparatus as claimed in claim 28,
wherein the control unit variably places the at least
one middle area after a point in the user data area up
to which user data is recorded, leaves the rest of the
user data area unrecorded, and extends the at least
one middle area to at least a portion of the
unrecorded area when the information storage medium is
finalized. 31. The apparatus as claimed in claim 28,
wherein the control unit variably places a first
middle area after the point in a user data area up to
which the user data is recorded in addition to a
second middle area fixed at a predetermined position
in an outer circumference of the information storage
medium, leaves the rest of the user data area
unrecorded, and extends the first middle area to the
at least portion of the unrecorded area when the
information storage medium is finalized. 32. The
apparatus as claimed in claim 28, wherein the control
unit variably places the at least one middle area
after the point in a user data area up to which the
user data is recorded, places a dedicated area after
the at least one middle area, and extends the at least
one middle area to the at least portion of the
dedicated area for a special purpose when the
information storage medium is finalized. 


