
Description  INFORMATION STORAGE MEDIUM AND METHOD AND
APPARATUS FOR RECORDING/REPRODUCING DATA ON/ FROM THE
SAME  Technical Field [1] The present invention
relates to an information storage medium and a method
and  apparatus to record/reproduce data on/from the
information storage medium, and more  particularly, to
a method and apparatus to record/reproduce data
on/from an in- formation storage medium having a
plurality of recording layers after performing
optimum power control (OPC). Background Art [2] An
optical pickup performs non-contact
recording/reproducing to/from an in- formation storage
medium. Optical disks that are one type of information
storage  media are classified into compact disks (CDs)
and digital versatile disks (DVDs)  depending on data
recording capacity. Examples of optical disks capable
of writing  and reading information include
CD-Recordable (CD-R), CD- Rewritable (CD-RW),  and
4.7GB DVD+RW. Furthermore, a high Definition-DVD
(HD-DVD) or blu-ray  disk (BD) with recording capacity
of over 15 GB and a super-resolution optical disk
that may read data recorded in a pattern of marks
below the resolution limit are  currently being
developed. Disclosure of Invention Technical Problem
[3] While only single layer 4.7 GB DVD-Recordable
disks are commercially available,  dual layer 8.5 GB
DVD-ROM disks are being sold in the market. To back up
data  recorded on the 8.5 GB DVD-ROM disk, a DVD
recordable disk with the same  capacity is required.
Thus, to realize a need for a recordable disk having
at least first  and second recording layers, it is
highly desirable to have techniques for maintaining
the same recording/reproducing characteristics on a
recordable information storage  medium having a
plurality of recording layers. One of the most
important recording/  reproducing characteristics is
called optimum power control (OPC). Technical Solution
[4] The present invention provides a method and
apparatus to record/reproduce data on  a recordable
information storage medium having a plurality of
recording layers after  performing optimum power
control (OPC) and an information storage medium to
which data is written by the method. [5] According to
an aspect of the present invention, a method
records/reproduces data 



2  on/from a recordable information storage medium
having a plurality of recording  layers using a
pickup. The method includes recording data on at least
a portion of a  recording layer through which a test
beam for finding the optimum recording power  passes
before performing optimum power control (OPC) on a
desired recording layer  and performing OPC on the
desired recording layer. The portion of the recording
layer  corresponds to tracks contained in the test
beam. [6] Where SL, TP, NA, and n denote the thickness
of a spacer layer between the  plurality of recording
layers, a track pitch, a numerical aperture of an
objective lens,  and a refractive index of the
information storage medium, respectively, a number of
tracks is determined using the following equation: [7]
ft?  2SLtauf sin (- )1  .Number of Tracks n 7  Data
may be recorded in an order of recording layers from
closest to farthest from the  pickup. [g] When the
plurality of recording layers include first and second
recording layers and  the first recording layer is
located closer to the pickup, data may be recorded on
a  portion of the first recording layer through which
the test beam passes before  performing OPC on the
second recording layer. [9] At least one of jitter,
asymmetry, degree of modulation, or reflectivity is
recorded  on each recording layer. [10] According to
another aspect of the present invention, an
information storage  medium comprises first and second
recording layers, either containing a lead-in area, a
user data area, and a lead-out area, wherein data is
recorded from the first recording  layer to the second
recording layer. In the information storage medium,
the first and  second recording layers respectively
include OPC areas. Data is recorded on the inner  or
outer circumference of the OPC area in the first
recording layer, and OPC is  performed on a region of
the OPC area in the second recording layer disposed
opposite  the region on which data is recorded to
determine an optimum recording power. [11] In another
embodiment of the present invention, a recordable
information storage  medium comprises a plurality of
recording layers, wherein OPC information is stored
indicating whether data has been written on a portion
of a recording layer through  which a test beam passes
to determine an optimum recording power for recording
on a  desired recording layer. In this case, the
recording layers have an OPC area and the  



OPC information contains information indicating
whether data has been written on  inner or outer
circumference of the OPC area. Each of the plurality
of recording layers 3  includes a lead-in area, a user
data area, and a lead-out area, and the OPC
information  is recorded on at least one of the
lead-in area and the lead-out area. The lead-in area
contains a read-only region and a recordable region,
and the OPC information is  recorded on the recordable
region. [12] According to another aspect of the
present invention, an apparatus records/  reproduces
data on/from a recordable information storage medium
including a plurality  of recording layers. The
apparatus includes: a pickup irradiating a beam onto
the in- formation storage medium; a
recording/reproducing signal processor receiving a
beam  reflected from the information storage medium
through the pickup for signal  processing; and a
controller detecting whether data has been recorded on
a portion of a  recording layer through which a test
beam to determine an optimum recording power  passes
and performs optimum power control (OPC) on a desired
recording layer for  recording through the pickup.
[13] In another embodiment, the present invention
provides an apparatus to record/  reproduce data
on/from a recordable information storage medium
including a plurality  of recording layers wherein the
apparatus includes a pickup irradiating a beam onto
the  information storage medium, a
recording/reproducing signal processor receiving a
beam reflected from the information storage medium
through the pickup for signal  processing, and a
controller to read information indicating whether data
has been  recorded on a portion of a recording layer
through which a test beam to determine  optimum
recording power passes and performs optimum power
control (OPC) on a  desired recording layer to record
through the pickup using the information. [14] When
data has not been recorded on the portion of the
recording layer, a pickup is  controlled to record
data on the portion of the recording layer through
which the test  beam passes to determine an optimum
recording power to record on the desired  recording
layer. Information indicating that data has been
recorded on the portion of  the recording layer
through which the test beam passes may be recorded on
the in- formation storage medium. [15] The information
storage medium contains information indicating optimum
recording power conditions that may be applied when
data is recorded on the portion  of the recording
layer through which the test beam passes and when data
is not  recorded on the same. When the data is not
recorded on the portion of the recording  layer, OPC
is performed using the optimum recording power
conditions instead of  



separately recording the data to find the optimum
recording power. [16] Additional aspects and/or
advantages of the invention will be set forth in part
in the  description which follows and, in part, will
be obvious from the description, or may be  learned by
practice of the invention. Advantageous Effects 4
[17] The present invention also provides an apparatus
to record/reproduce data on the information storage
medium to perform a test on a desired recording layer
to find the  optimum recording power. [18] The present
invention also provides information on recording of
data needed for  OPC so as to select recording
conditions for OPC according to a type of a drive,
thus  enabling more efficient OPC. Description of
Drawings [19] These and/or other aspects and
advantages of the invention will become apparent  and
more readily appreciated from the following
description of the embodiments, taken  in conjunction
with the accompanying drawings of which: [20] FIG. 1
illustrates a layout of a dual layer information
storage medium to illustrate a  method to
record/reproduce data on/from the information storage
medium according to  an embodiment of the present
invention; [21] FIG. 2 is a schematic diagram of an
apparatus to record/reproduce data on/from an
information storage medium according to an embodiment
of the present invention;  [22] FIG. 3 illustrates a
layout of an information storage medium according to
an  embodiment of the present invention; [23] FIG. 4
illustrates another layout of an information storage
medium on which disk  related information has been
recorded according to an embodiment of the present
invention; [24] FIGs. 5A and 5B are layouts
illustrating a method to perform a test on an in-
formation storage medium according to an embodiment of
the present invention to  determine an optimum
recording power; and [25] FIGs. 6A and 6B are
flowcharts illustrating processes of performing OPC in
a  method to record/reproduce data on/from an
information storage medium according to  an embodiment
of the present invention. Mode for Invention [26]
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  



described below to explain the present invention by
referring to the figures. [27] A method to
record/reproduce data on/from an information storage
medium having  a plurality of recording layers
according to an embodiment of the present invention
allows data to be prerecorded on a portion of another
recording layer through which a  beam passes when
irradiating a target recording layer with the beam to
find the  optimum recording power. [28] A recordable
information storage medium performs optimum power
control (OPC) 5  prior to recording data to determine
an optimal recording power. To perform OPC,  data is
written in an OPC area at a predetermined recording
power and read back to test  the reproducing
characteristics. Once the optimum recording power has
been found  during the test, data is recorded at the
optimum recording power during each recording
session. [29] When OPC is implemented in a recordable
information storage medium having a  plurality of
recording layers, recording/reproducing
characteristics exhibited after  performing OPC may
vary from one recording layer to another, for example,
depending on the recording sequence or recording
power. Since these variations may  lead to inaccuracy
in OPC, it is necessary to detect conditions that may
cause  recording/reproducing characteristics to change
depending on the state of each  recording layer and
perform OPC considering the conditions. [30] To find
conditions that affect the recording/reproducing
characteristics, ex- periments were made to write data
on an information storage medium of FIG. 1,  wherein
the information storage medium has first and second
recording layers Ll and  L2 in a different order and
at different recording power levels. [31] Recording
conditions of the information storage medium are a
linear velocity of  3.8 m/s, laser wavelength of 650
nm, and objective lens numerical aperture (NA) of
0.60. The information storage medium uses multipulse
write strategies. While a  recording power of 15.1 mW,
Ttop of 1.45 T, Tmp of 0.65 T, and Tdtp 3T of -0.03T
are used for the first recording layer LI, a recording
power of 20mW, Ttop of 1.65T,  Tmp of 0.70T, Tdtp 3T
of -0.03T are used for the second recording layer L2.
Ttop,  Tmp, and Tdtp denote the duration of a top
pulse, the duration of each pulse, and time  shifted
from a reference, respectively. Here, basic recording
conditions are set as  recording power and write
strategy adjusted for minimum jitter by writing data
only on  a desired recording layer, and IT denotes
38.5 ns. [32] Table 1 shows jitter, I3/I14
modulations, asymmetries, and reflectivities measured
after writing data on the first and second recording
layers Ll and L2 under the above- 



mentioned conditions. A pickup is located closer to
the first recording layer Ll, and  reference numeral
10 denotes an objective lens. [33] Table 1  [34] 6
Recording First recording layer (L1) Second recording
layer (L2) Recording state Jitter 13/114 Asym. Refl.
Jitter 131114 Asym. Refl.  L1 unrecorded, 7.9% 0.270
0.085 17.0% 8.1% 0.255 0.030 17.5% L1 unrecorded, L2
L2 recorded recorded  Recording L2 after 8.0%  0.250
0.098 16.8% o 8.3% o 0.240 0.023 18.9% Recording L1
after  recording L1 recording L2  Recording L1
Recording L2 after  after recording 8.1% 0.267 0.091
16.5% 8.9% 0.244 0.060 18.8% recording Li L2  As is
evident from Table 1, the first recording layer L1
maintains almost the same  values of jitter, 13/114,
asymmetry (Asym.), and reflectivity (Refl.),
regardless of the  recording state or sequence while
the second recording layer L2 exhibits varying char-
acteristics depending on the recording sequence. That
is, when data is written se- quentially from the first
recording layer Ll to the second recording layer L2,
the  second recording layer L2 suffers from
significant variations in jitter, asymmetry, and
reflectivity. When data is written in the reverse
order, the second recording layer L2  suffers from
less variations in such characteristics. [35] Table 2
shows recording/reproducing characteristics measured
after data is written  at recording powers that are
120% and 150% of the normal power. During OPC, a test
is performed at different recording power levels to
determine an optimum recording  power value. In
particular, since the information storage medium once
used for a pre- determined period of time may require
a recording power higher than a normal power  due to
surface contamination, it is necessary to perform the
test at a higher power. [36] Table 2  [371 Recording
state First recording layer (L1) Second recording
layer (L2) Recording state  fitter 13/114 Asym. Refl.
Jitter 13/114 Asym. Refl. Recording L1 Recording L2
after  after recording 8.2% 0.259 0.097 16.3% 9.3%
0.260 0.052 18.8% recording Lt 



L2 (120%) Recording L1 Recording L2 after  after
recording 8.2% 0.272 0.096 16.4% 9.8% 0.261 0.060
19.1% L2 (150%) recording Li As is evident from Table
2, while the first recording layer Ll exhibits almost
the same  recording/reproducing characteristics even
at higher recording powers, the second  recording
layer L2 suffers from significant variations in
reflectivity, asymmetry, and  jitter when data is
written sequentially on the first and second recording
layers Ll and 7  L2. As compared with recording at a
normal power, the jitter increases, but reflectivity
and asymmetry remain almost constant. [38] As may be
seen in Tables 1 and 2 above, the first recording
layer Lt is little  affected by a recording sequence
or a recording power, whereas the second recording
layer L2 is significantly affected by the same. In
particular, when data is written se- quentially on the
first and second recording layers L1 and L2, the
second recording  layer L2 suffers from significant
variations in the recording/reproducing charac-
teristics. Such variations result from transmittance
that may change, depending on  whether a recording
beam passes through a recorded or unrecorded portion
of a  recording layer. Low transmittance reduces the
effect of the recording power. [39] Meanwhile, it is
necessary to perform a test under the conditions that
cause  significant variations in recording/reproducing
characteristics. That is, if there is in- significant
change in the recording/reproducing characteristics
under any conditions, it  is possible to find the
accurate optimum recording power without any special
test  conditions for determining the same. However, if
the recording/reproducing charac- teristics vary
according to the recording conditions, a test needs to
be performed under  conditions that cause significant
variations in the characteristics to determine the
optimum recording power. [40] Thus, when a test beam
is emitted to find the optimum recording power,
generally,  data has been written on at least a
portion of a recording layer through which the test
beam passes. [41] Referring to FIG. 2, an information
storage medium D includes a first recording  layer Lt
and L2, and a pickup 50 to record data is disposed
below the first recording  layer Ll. Before a test
beam is irradiated to perform OPC on the second
recording  layer L2, data is recorded on a portion of
the first recording layer Lt through which the  test
beam passes. In this case, data may be recorded in an
area corresponding to tracks  contained in the beam
irradiated on the first recording layer Ll. 



[42] Referring to FIG. 1, the number of tracks
contained in the portion of the first  recording layer
irradiated by the test beam is given by Equation (1):
(43] r 2SLti11O Number of Tracks = Ti' = (1)  where SL
and TP denote the thickness of a space layer 15
between the first and second  information storage
layers Lt and L2 and a track pitch, respectively. [44]
Where n is a refractive index of the information
storage medium and NA is a  numerical aperture of the
objective lens 10, using the relational expression
NA=nsin 0 ,  Equation (1) is summarized as: 8 [45]
2SLtatz s l( N  Number of rack _ tl (2)  Data may be
written on an area of the first recording layer L1
corresponding to the  number of tracks defined by
Equation (2) before irradiating a test beam for OPC
onto  the second recording layer L2. [46] Where SL tan
0 =41.25(m) and TP=0.74m, the number of tracks
contained in  the test beam is about 112. [47] In the
case of a DVD-ROM drive, a pickup is disposed below a
first recording  layer and data is written from the
first recording layer to the second recording layer.
To  maintain consistency with the DVD-ROM drive, the
recordable information storage  medium may be designed
to allow data to be written from the first recording
layer Ll  to the second recording layer L2. [48] The
same method to record/reproduce data according to an
embodiment of the  present invention may apply when
the pickup is located above the second recording
layer L2. In this case, data is first recorded on the
second recording layer L2. Before  performing OPC for
recording on the first recording layer Ll, data is
recorded on at  least a portion of the second
recording layer L2 through which a test beam passes.
[49] Furthermore, the method may be applied to both
opposite track path (OTP) and  parallel track path
(PTP) disks. While the present invention has been
described with  reference to a dual layer information
storage medium, the method may also apply to a
multi-layer medium having three or more recording
layers. [50] Meanwhile, to obtain the optimum
recording power, at least one of jitter, degree of
modulation, asymmetry, and reflectivity for each
recording layer is recorded on each  recording layer.
Referring to FIG. 3, an information storage medium
according to an  



embodiment of the present invention includes a lead-in
area 20, a user data area 25,  and a lead-out area 30.
[51] The lead-in area 20 is divided into a read-only
region and a recordable region, and  a control data
zone in the read-only region contains disk related
information and copy  protection information, either
of which may be used to perform OPC. [52] At least one
of jitter, degree of modulation, asymmetry, or
reflectivity for each  recording layer is recorded in
predetermined bytes in the control data zone. In
particular, a recordable information storage medium
may include asymmetry in- formation. Asymmetry for the
second recording layer may be measured after data is
recorded on a portion of the first recording layer
through which a beam passes when  the beam is emitted
from below the first recording layer. 9  [53] When the
material or the type of the information recording
medium changes, control information such as asymmetry,
degree of modulation, and jitter may be  recorded
together. The control information may be recorded on
either or both of the  lead-in and lead-out areas 20
and 30. [54] Alternatively, referring to FIG. 4,
asymmetry information about first and second
recording layers each may be recorded on a different
space in the control data zone. In  this case, while
the asymmetry information about the first recording
layer is recorded  along with information representing
layer number, i.e., the first recording layer, the
asymmetry information concerning the second recording
layer is recorded along with  information representing
the second recording layer. The disk related
information may  be recorded in the same way on both
the first and second recording layers. [55] Referring
to FIG. 5A, first and second recording layers LOand Ll
respectively  include first and second OPC areas L0-23
and L1-23. A region 21b of the first  recording layer
LO on which OPC is performed is not disposed opposite
a region 22a  of the second recording layer Ll on
which OPC is performed. When a beam is incident
through the first recording layer LO, data is
prerecorded on a region 21 a disposed  directly below
the region 22a before performing OPC on the second
recording layer  Ll. [56] A region 22b of the second
recording layer Ll disposed opposite the region 21b of
the first recording layer LO subjected to OPC may be
allocated for a reserved area. For  recording onto the
region 21a of the first recording layer LO through
which a beam to  perform OPC on the second recording
layer Ll passes, a prerecording process may be
performed during fabrication of a disk, or data may be
recorded in a predefined manner  on a predetermined
region of the first recording layer LO prior to
recording of user  



data. [57] Referring to FIG. 5B, first and second
recording layers LO and Ll respectively  include first
and second OPC areas L0-23 and L1-23. While a region
21'a of the first  recording layer LO where OPC is
performed is positioned on the inner circumference  of
the first OPC area L0-23, a region 22'b of the second
recording layer Ll where OPC  is performed is located
on the outer circumference of the second OPC areas
L1-23. [58] When a beam is incident through the first
recording layer LO, data is prerecorded  on a region
21'b disposed directly below the region 22'b before
performing OPC on the  second recording layer Ll. [59]
A region 22'a of the second recording layer L1
disposed opposite the region 21'a of  the first
recording layer LO subjected to OPC may be a reserved
area. The same  recording mechanism may apply to the
outer circumference of the information storage  medium
as well as the inner circumference. [60] Referring to
FIG. 6A, a method to perform OPC for each recording
layer in an in to  formation storage medium having a
plurality of recording layers includes performing  OPC
on a recording layer from the lowermost recording
layer upward when the in- formation storage medium is
inserted into a drive, and recording user data on the
same  recording layer subjected to OPC before
performing OPC on an overlying recording  layer. In
this case, after recording on a first recording layer,
OPC is performed on a  second recording layer.
However, since the method allows user data to be input
con- tinuously during OPC for the second recording
layer, a memory or buffer is required to  store a
predetermined amount of data until OPC is finished.
[61] Referring to FIG. 6B, an alternative method to
perform OPC for each recording  layer includes
sequentially performing OPC on each recording layer
when the in- formation storage medium is inserted into
the drive, and sequentially recording data on  each
recording layer. This method does not require a memory
or buffer and is ad- vantageous in continuously
recording data without interruption. (62] Referring to
FIG. 2, an apparatus (i.e., a disk drive) to
record/reproduce data on/  from the information
storage medium D according to an embodiment of the
present  invention includes a pickup 50, a
recording/reproducing signal processor 60, and a
controller 70. More specifically, the pickup 50
includes a laser diode 51 that emits a  beam, a
collimating lens 52 that collimates the beam emitted
by the laser diode 51 to a  parallel beam, a beam
splitter 54 that changes the propagation path of an
incident  beam, and an objective lens 56 that focuses
the beam passing through the beam splitter  54 onto
the information storage medium D. 



[63] The beam reflected from the information storage
medium D is reflected by the  beam splitter 54 and is
incident on the photodetector 57 (e.g., a quadrant
pho- todetector). The beam received by the
photodetector 57 is converted into an electrical
signal by an operational circuit 58 and output as a RF
or a sum signal through channel  Chl and as a
push-pull signal through a differential signal channel
Ch2. [64] Before recording data on the information
storage medium D having the first and  second
recording layers Ll and L2, the controller 70 performs
a test on a test area in  the information storage
medium D to determine the optimum recording power. To
achieve this function, after recording data on the
first recording layer Li, the controller  70 detects
whether data has been written on a portion of the
first recording layer Ll  irradiated by a test beam
during an OPC test for the second recording layer L2
and  controls the pickup 50 to record data on at least
a portion of the first recording layer Ll  through
which the test beam passes before performing the test.
[65] During the OPC test, the controller 70 also reads
control information such as re- flectivity, jitter,
degree of modulation, or asymmetry through the pickup
50 and  determines the optimum recording power using
the control information. Then, the  controller 70
allows a recording beam to be irradiated from the
pickup 50 at normal 11  power obtained during the
test, so that data can be recorded on the information
storage  medium D using the recording beam. [66] To
reproduce the thus recorded data, a beam reflected
from the information storage  medium D passes through
the objective lens 56 and the beam splitter 54, and is
incident on the photodetector 57. The beam input to
the photodetector 57 is then  converted into an
electrical signal by the operational circuit 58 and
output as an RF  signal. [67] A drive according to
another embodiment of the present invention may
include  OPC information on an information storage
medium. For example, the OPC in- formation may contain
information on an effect on the OPC due to whether
data has  been recorded on a portion of the
information storage medium through which a beam
passes during OPC. The drive having such information
eliminates a need to prerecord  data on an area of the
information storage medium through which a beam passes
during OPC. [68] That is, in this embodiment, the
drive having the OPC information does not require
data to be recorded on an adjacent recording layer of
the information storage medium  before OPC. Recording
data on the information storage medium for OPC, even
in a  drive having OPC information, may increase data
recording time and reduce an OPC  



area due to data recording. [69] Thus, by providing
predetermined information with a drive having OPC in-
formation, recording data on an adjacent recording
layer for OPC is unnecessary.  Therefore, by using the
predetermined information, the drive may perform OPC
accurately and quickly using embedded OPC information,
even if data has not been  written on a portion
through which a beam for OPC passes. [70] For example,
let a drive possessing OPC information representing an
effect on the  OPC due to whether data has been
recorded on an area through which a beam for OPC
passes be a drive A, let a drive having no such
information be a drive B, and let the  area irradiated
with a beam for OPC be an area Y. [71] To record data
on the information storage medium, the drive A reads
disk related  information before performing OPC. In
this case, when information indicating that  data has
been written on the area Y through which a beam for
OPC passes is not  recorded on the information storage
medium, the drive A performs OPC using its  embedded
OPC information without the need to record separate
data on the area Y,  thus saving time spent in
recording data on the area Y. Conversely, when
information  indicating that data has been written on
the area Y is recorded on a predetermined area  of the
information storage medium, the drive A performs OPC
at recording power that  is adjusted considering that
data has been written on the area Y. [72] To record
data on the information storage medium, the drive B
reads disk related 12  information and information
written on a recordable region before performing OPC.
In  this case, when information indicating that data
has been written on the area Y is not  recorded on the
information storage medium, the drive B first records
data on the area  Y of the information storage medium
before performing OPC. When performing OPC,  the drive
B irradiates the area Y with an OPC beam and then
records information  indicating that data has been
written on the area Y on a recordable region (e.g., an
in- formation zone) in a lead-in area or a lead-out
area. [73] For example, to perform OPC on a second
recording layer, information indicating  whether data
has been written on the area Y of a first recording
layer may be recorded  as follows, using a byte X in
the information zone: [74] Byte X: 0000 0000(OOh) -->
Not recorded  [75] 0000 0001(01h)--> Recorded [76]
Meanwhile, information on whether OPC data has been
written on inner or outer  circumference of the OPC
areas L0-23 and L1-23 as shown in FIGs. 5A and 5B may
be recorded as follows, using X bytes: 



[77] Byte X: 0000 0000(OOh) --> Not recorded on inner
and outer circumferences,  [78] 0000 0001(Olh) --> Not
recorded on inner circumference, recorded on outer
cir- cumference [79] 0001 0000(10h) --> Recorded on
inner circumference, not recorded on outer cir-
cumference [80] 0001 0001(11h) --> Recorded on inner
and outer circumferences [81] As described above, the
first four bits of one byte represent information on
the  inner circumference, and the following 4 bits
represent information on the outer cir- cumference.
Alternatively, either information may be recorded
using two bytes. [82] Specifically, an information
storage medium includes first and second recording
layers LO and Ll, and data is recorded from the first
recording layer LO to the second  recording layer Ll.
A pickup may be located below the first recording
layer LO. A  drive may use information on whether data
has been separately written on an area  through which
a test beam for OPC passes in performing OPC to record
on the second  recording layer Ll. If the information
for OPC has not been written to the area, the  drive
may perform OPC using its embedded OPC information
instead of separately  recording OPC data. [83] The
same method may be applied to a multi-layer
information storage medium  having three or more
recording layers. In this case, when a recording layer
being  subjected to OPC is irradiated with a test
beam, information indicating whether data  has been
written on an area through which the test beam passes
is recorded on a pre- determined region of the
information storage medium, and OPC is performed on
the  plurality of recording layers using the same
information. 13  [84] Here, an OPC test zone may be
disposed in an area other than a user data area. Whi
le FIGs. 3 and 4 illustrate that the lead-in area 20
contains the test zone, a test area may  be positioned
separately from lead-in and lead-out areas. [85]
Meanwhile, when information indicating that data has
been written on the area Y is  recorded on a
predetermined area of the information storage medium,
the drive B  performs OPC at recording power that is
adjusted considering that data has been  written on
the area Y. [86] A drive according to an embodiment of
the present invention controls the pickup  50 to read
information concerning whether data has been written
for OPC and perform  OPC in a manner specific to the
drive. [87] An infqrmation storage medium according to
an embodiment of the present  invention contains
information indicating whether data has been recorded
on an area  



through which a beam for OPC passes, thus making
recording of separate data for OPC  optional according
to the type of a drive. A drive possessing OPC
information  performs OPC without a need to record
separate data, thus reducing the recording time  and
increasing the utilization efficiency of an OPC area.
[88] A method to record/reproduce data on/from the
information storage medium  according to an embodiment
of the present invention enables determining an
optimum  reading power to record/reproduce data
to/from a recordable information storage  medium
having a plurality of recording layers. The method
requires a test to find the  optimum recording power
for recording, thus achieving effective recording/re-
producing characteristics. The present invention
allows data to be recorded/reproduced  in an order of
recording layers from closest to farthest from a
pickup, thus providing a  recordable information
storage medium capable of achieving consistency with a
DVD- ROM. [89] The present invention also provides an
apparatus to record/reproduce data on the  information
storage medium to perform a test on a desired
recording layer to find the  optimum recording power.
[90] The present invention also provides information
on recording of data needed for  OPC so as to select
recording conditions for OPC according to a type of a
drive, thus  enabling more efficient OPC. [91]
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. 14  CLAIMS What is claimed is: 1. An
information storage medium having a plurality of
recording layers,  wherein data is recorded on the
information storage medium using a pickup, wherein the
data is recorded on at least a portion of a recording
layer through  which a test beam to find an optimum
recording power passes; and wherein optimum power
control (OPC) is performed on a predetermined
recording layer. 2. The information storage medium of
claim 1, wherein the portion of the  recording layer
corresponds to tracks contained in the test beam. -1 _
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Number of Tfacks it TP  3. The information storage
medium of claim I or 2, wherein after the data is
recorded on a recording layer located closest to the
pickup, OPC  is performed on an overlying recording
layer before the data is recorded on the overlying
recording layer. 4. An information storage medium
comprising first and second recording  layers, either
of the first and second recording layers containing a
lead-in area, a user  data area, and a lead-out area,
wherein data is recorded from the first recording
layer to  the second recording layer, wherein the
first and second recording layers respectively
comprise optimum  power control (OPC) areas, and
wherein the data is recorded on the inner or outer
circumference of the OPC  area in the first recording
layer and OPC is performed on a region of the OPC area
in  the second recording layer disposed opposite the
region on which data is recorded to  determine an
optimum recording power. 5. The information storage
medium of claim 4, wherein the OPC area is  positioned
separately from the lead-in area and the lead-out
area. 15  6. A recordable information storage medium
comprising a plurality of recording layers, having
stored thereon optimum power control (OPC) information
indicating whether data has been written on a portion
of a recording layer through which  a test beam passes
to determine an optimum recording power to record on a
desired  recording layer. 7. The recordable
information storage medium of claim 6, wherein the
recording layers have an OPC area, and the OPC
information includes information  indicating whether
the data has been written on an inner or an outer
circumference of  the OPC area through which the test
beam passes. 8. The recordable information storage
medium of claim 6 or 7, wherein each  of the plurality
of recording layers comprises a lead-in area, a user
data area, and a  lead-out area, and the OPC
information is recorded on at least one of the lead-in
area  and the lead-out area. 9. The recordable
information storage medium of claim 8, wherein the
lead- in area comprises a read-only region and a
recordable region, and the OPC information  is
recorded on the recordable region. 10. An information
storage medium having a plurality of recording layers,



wherein data is recorded by a method comprising:
reading control information; performing optimum power
control (OPC) on a first recording layer of the
plurality of recording layers; recording user data on
the first recording layer; performing, while the user
data is input, OPC on a second recording layer
disposed on the first recording layer, wherein the
user data input while performing OPC  on the second
recording layer is stored in a memory or a buffer
until performing the  OPC on the second recording
layer is completed; and recording the user data on the
second recording layer.  11. The information storage
of claim 10, wherein during performing OPC on the
first recording layer and performing OPC on the
second recording layer, reading control information
including at least one of reflectivity,  jitter,
degree of modulation or asymmetry. 16  12. An
information storage medium having a plurality of
recording layers, wherein data is recorded on the
information storage medium, wherein optimum power
control (OPC) is sequentially performed on each
recording layer when the information storage medium is
inserted into a drive; and  the data is sequentially
recorded on each recording layer. 13. An information
storage medium having stored thereon information
indicating whether data has been recorded on an area
through which a beam for  optimum power control (OPC)
passes. 


