
DESCRIPTION INFORMATION RECORDING MEDIUM, RECORDING METHOD, AND
REPRODUCING METHODO TECHNICAL FIELD [0001]The present invention relates to an
information recording medium including a plurality of recording layers having an area for recording
adjustment (i.e., recording calibration), and a recording and reproduction method and a recording and
reproduction apparatus for such a recording medium. More specifically, the present invention relates to
an information recording medium, including a plurality of recording layers, which is effective for a write
once optical disc such as a BD-R, a rewritable optical disc such as a BD-RE and the like, and an
recording and reproduction method and an recording and reproduction apparatus using such an
information recording medium. BACKGROUND ART  



[0002]Recently,large-capacityandexchangeable information recording mediums and disc drives used
for the  same are in wide use. [0003]As conventional large-capacity and exchangeable information
recording mediums, optical discs including DVDs and Blu-ray discs (hereinafter, also referred to as
"BDs") are well known. An optical disc drive apparatus performs recording or reproduction by forming
tiny pits (recording marks) on an optical disc using laser light, and is suitable for large-capacity and
exchangeable information recording. DVDs are characterized by using red laser light, and BDs are
characterized by using blue laser light having a wavelength shorter than that of red laser light. Owing
to this, BDs have a higher recording density to realize a larger capacity than DVDs. [0004]Moreover, in
recent years, multi-layer optical 



discs, namely, optical discs including a plurality of recording layers have been actively developed for
further increasing the capacity. As DVDs and BDs, two-layer discs including two recording layers are
already on the market. In the future, discs including a larger number of layers, such as a six-layer or
eight-layer discs, are expected to be  available. [0005]FIG. 1 is a conceptual view of a three-layer
optical disc including three recording layers.An optical disc 1 includes a substrate 2, and recording
layers 3, 5 and 7 stacked on the substrate 2. Between the recording layers, intermediate layers 4 and
6 having a role of protecting the recording layers are provided, and a surface of the disc is covered
with a cover layer 8 formed of a polycarbonate resin or the like. Optical laser light is directed from the
side of the cover layer 8, which is the disc surface. The recording layer formed in contact with the
substrate 2, i.e., the recording layer farthest from the disc surface is used as the reference layer. The
recording layers are numbered orderly from the reference layer; i.e., the recording layer 3 is called LO
layer, the recording layer 5 is called Li layer, and the recording layer 7 is called L2 layer. Hereinafter, in
this specification, this manner of labeling will be adopted. This manner of labeling is merely an
example, and there are occasions where the recording layers are called LO layer, Li layer, etc. from
the recording layer closest to the  



disc surface. [0006]FIG. 2 shows an area arrangement of a recording layer of a general optical disc.
On a recording layer of a discus-shaped optical disc 1, a great number of tracks 11 are formed spirally.
In each track 2, a great number of tiny blocks 12 are formed. [0007]The width of the track 11 (track
pitch) is, for example, 0.32 im in the case of a BD.The block 12 is an error correction unit, and is a
minimum unit by which a recording or reproduction operation is performed. The block 12 has a size of,
for example, lECC (size: 32 kbytes) in the case of a DVD and 1 cluster (size: 64 kbytes) in the case of
a BD. In terms of "sector" (size: 2 kbytes), which is the minimum unit of data of an optical disc, FCC
and cluster are represented as lECC = 16 sectors and 1 cluster = 32 sectors. [0008] Each recording
layer includes a lead-in zone 13, a data zone 14 and a lead-out zone 15. [0009]The data zone 14 is a
zone where the user can 



record any information,  for example, real-time data of music or video, computer data such as
sentences, data bases or the  like. [0010]The lead-in zone 13 is positioned inner to the data  zone 14
along a radial direction of the optical disc 1. The lead-out zone 15 is positioned outer to the data zone
14 along the radial direction of the optical disc 1. These zones include an area usable for recording
management information on the optical disc 1 (DMA area or temporary DMA area), an area usable for
adjusting a recording power, etc. (OPC (Optimum Power Control) area) and the like. These zones also
have a role of preventing overrun of an optical pickup (not shown). [0011]On such an optical disc, it is
important to record 



information with an optimal recording condition (for example, recording power, and for example, pulse
generation timing and pulse length called "strategy", and the like) from the viewpoint of the recording
and reproduction gual y. For realizing this, trial recording (hereinafter, referred to as "recording
calibration (Power Calibration)") is widely performed in a prescribed area of the optical disc to find the
optimal power and strategy (for example, Patent Document  No. 1). [0012]Recording calibration is
performed in a recording calibration area (hereinafter, referred to also as an "OPC area") included in
the lead-in zone 13, the lead-out zone 15 or the like. [0013]FIG. 18 shows a flow of a general
recording calibration procedure. 



[0014]Step 1801:The recording power is adjusted (hereinafter, referred to "power calibration").
Specifically, recording is performed while changing the recording power step by step (step-by-step
recording), the recording quality of the recorded area (for example, modulation degree or BER (Block
Error Rate), etc.) is measured, and an optimal power at which the recording quality is optimal is found.
[0015]Step 1802: The recording strategy is adjusted while the recording power is fixed (hereinafter,
referred to as "strategy calibration") Specifically, recording is performed while changing the pulse width
with the recording power being fixed at the optimal power found in step 1801,  the recording quality of
the recorded area is measured, and an optimal strategy at which the recording quality is optimal is
found. [0016]On an optical disc such as a BD, data is recorded 



by irradiating the recording layer with laser light to change the recording layer, for example, from an
amorphous state to a crystalline state. Since the state of the recording layer is changed in this manner,
the transmittance and reflectance of the light (i.e., optical characteristics) are changed. Namely, a
recorded area and a non-recorded area have different optical characteristics. [0017]Therefore, when
an optimal recording power is found by power calibration for an optical disc including two or more
recording layers, the power found for one recording layer varies depending on the recording state of
the other recording layer (either already recorded or unrecorded). Specifically, the following may occur,
for example: recording is performed with an excessively large power while adjusting the recording
power, and as a result, the area used for the calibration is destroyed, which influences the  recording
characteristic of the other recording layer corresponding to the destroyed area. Even if an excessively
large power sufficient to destroy an area is not used, the transmittance varies by the magnitude of the
power used for the recording. Especially, an area in which recording has been performed with a power
not suitable to the optical disc allows the transmittance to vary more than, and is more likely to be
influenced by the transmittance balance than, an area in which recording has been performed with a
suitable power. [0018]In a multi-layer disc, the transmittance of the laser light is varied by the recording
state of the recording layer passed by the laser light. Therefore, the recording characteristics of a
second recording layer counted from the surface on which laser light is incident or a recording layer(s)
deeper than the second recording layer (farther from the laser light incidence surface than the second
layer) are varied by the recording state of the recording layer closer to the laser light incidence surface,
even on the same recording layer. Especially, in the case of power 



calibration by which recording is performed while changing the power, recording may possibly be
performed at a recording power exceeding the range suitable to the optical disc in order to find an
optimal recording power. An area in which power calibration has been performed is one of areas which
influence the transmittance most. [0019]Therefore,whenlaserlightforrecording information on a
recording layer passes an area of another, shallower layer which has been used for power calibration,
the laser light is significantly influenced by the transmittance balance of the another layer. From the
recording quality of an area in which recording has been performed with a transmittance in such a
varied state, an optimal power cannot be correctly obtained. As a method for avoiding these problems,
a method of restricting the locations of GPO areas is well known (for example, Patent Document No. 2
and Patent Document No. 3). [0020]FIG. 19 shows locations of the GPO areas in an optical disc
including two recording layers.A first recording calibration area 200 provided in the recording 



layer LO and a second recording calibration area 201 provided in the recording layer Ll are located at
different radial positions. In addition, an area of the other layer existing between the recording
calibration area and the disc surface (the laser light incidence surface) is secured as a reserved area
210 (unused area). In the example of FIG. 19, an area of the recording layer Li at the same radial
position as that of the first recording calibration area 200 (an area of the recording layer Ll
corresponding to the first recording calibration area 200) is secured as the reserve area 210 (unused
area). In the case of a write once medium on which recording can be performed only once, an unused
area, i.e., a reserved area is in an unrecorded state. Therefore, regardless of the recording layer in
which the recording calibration area is to be used, the laser light does not pass any recorded area
before reaching the recording calibration area. Thus, the recording calibration area is not influenced by
the transmittance of the other recording layer, and recording calibration can be always performed
under the same conditions.  [0021]In consideration of a recording medium including more than two
recording layers, Patent Document No. 3, for example, provides a case where an OPC area in an
odd-numbered recording layer and an OPC area in an even-numbered recording layer adjacent to the
odd-numbered recording layer are located at different radial positions. Namely, the OPC areas in
odd-numbered recording layers or the OPC areas in the even-numbered recording layers may be
located at the same radial position. Alternatively, the OPC areas may be located at different radial
positions in all the recording layers. CITATION LIST  PATENT LITERATURE 



[0022] Patent Document No.1: Japanese Laid-Open Patent Publication No. 2007-305188       Patent
Document No. 2: Japanese Laid-Open Patent Publication No. 2005-038584       Patent Document No.
3: PCT National Phase Japanese Laid-Open Patent Publication 2007-521606  SUMMARY OF
INVENTION  TECHNICAL PROBLEM 



[0023]With this method, however, the following problem occurs when the number of recording layers
increases.The most serious problem is that as the number of recording layers increases, it becomes
difficult to securely obtain GPO areas and reserved areas. [0024]FIGS. 20(A) and 20(8) show
locations of GPO areas in an optical disc including three recording layers arranged by the conventional
method. For the convenience of description, the GPO areas in all the recording layers have the same
size (for example, S cluster). As shown in FIG. 20(A), when the GPO areas are located at different
radial positions among all the three layers, the size of 3 x S cluster is necessary for each layer. Among
this size, the 2 x S cluster areas corresponding to the reserved areas are not usable. Considering that
the size of each of the lead-in zone 13 and the lead-out zone 15 is limited, as the number of layers
increases, the size of the reserved areas, i.e., the  unusable areas increases.In addition, as the
number of 



recording layers increases, the size of the reserved areas increases, and so it is expected to be
difficult to securely obtain the GPO area in the lead-in zone or the lead-out zone. [0025] As shown in
FIG. 20(B), when the GPO areas in the odd-numbered recording layers or in the even-numbered
recording layers are located at the same radial position, the required size is 2 x S as in the case of an
optical disc including two recording layers. However, in this case, the problem that the power found is
varied by the recording state of another recording layer cannot be solved. [0026]There is another
method, by which the size of the lead-in zone 13 or the lead-out zone 15 is increased in order to obtain
the GPO areas. However, as the size of these zones increases, the size of the data zone 14 is
decreased accordingly. When the size of the data zone 14 is decreased in order to obtain the size of
the GPO areas, the capacity usable for recording user data is decreased, which is disadvantageous to
the user. Therefore, it is preferable that the lead-in zone 13 and the lead-out zone 15 are as  small as
possible. [0027]In order to obtain the OPC areas at different radial positions in all the layers as in FIG.
20(A), it is conceivable to decrease the size of the OPC areas. This can suppress the ratio of the OPC
area (and the reserved area) with respect to the lead-in zone 13 or the lead-out zone 15. However, as
the size of the OPC areas is decreased, the number of times the recording calibration can be
performed is decreased accordingly. In general, on mediums (recording layers) for which recording
calibration cannot be performed, recording of informatibn- is aften- rohibted- be- se toe recording
power or the like cannot be guaranteed to be suitable to such mediums. When the size of the OPC
area is decreased and so recording calibration is made impossible, recording cannot be performed
anymore. This provides disadvantages to the user at a high possibility and is not preferable. 



[0028]The present invention made in light of the above- described problems has an object of
minimizing the influence which is exerted by recording calibration (test recording)  such as power
calibration, strategy calibration or the like, performed in an area for recording calibration (recording
calibration area or test area) provided in each of a plurality of recording layers, on recording calibration
performed in the other recording layers. Another object of the present invention is to provide an
information recording medium having an area arrangement by which recording calibration areas are
efficiently located in a lead-in zone and a lead-out zone to prevent an increase of the lead-in zone or
the lead-out zone and a decrease of a (user) data zone, and a method for using the same. SOLUTION
TO PROBLEM [0029]An information recording medium according to the present invention is an
information recording medium in which data is recorded on at least one of a plurality of layers by laser
light incident on a surface of the information recording medium. The plurality of recording layers
include a first recording layer, and second through N-th recording layers (N is an integer of 3 or
greater) which are 



sequentially located in a direction from the first recording layer toward the surface on which the laser is
incident; each of the plurality of recording layers has a first calibration area and a second calibration
area located outer to the first calibration area; the first calibration area located in each of the first
through N-th recording layers is located at a different radial position from a radial position of the first
calibration area in each of the other recording layers; and the second calibration area located in each
of the first through N-th recording layers is located at the same radial position as a radial position of
the second calibration area in each of the other recording layers. [0030]A varying rate width of a
recording power used for the second calibration area may be equal to or smaller than a varying rate
width of a recording power used for the first calibration area. (0031]The first through N-th recording
layers may be each assigned physical addresses; the physical addresses in the first recording layer
may be assigned in an ascending order 



from an inner side toward an outer side, the physical  addresses in the second recording layer may be
assigned in an ascending order from the outer side toward the inner side, and the physical addresses
in the third recording layer may be assigned in an ascending order from the inner side toward the outer
side; and the first calibration area and the second calibration area located in the first recording layer
may be used from the outer side toward the inner side, the first calibration area and the second
calibration area located in the second recording layer may be used from the inner side toward the
outer side, and the first calibration area and the second calibration area located in the third recording
layer may be used from the outer side toward the inner side. [0032]A recording method according to
the present invention is for recording information on the above-described information recording
medium and comprises the steps of performing recording calibration in at least one of the first
calibration area and the second calibration area; and recording information on the information
recording medium based on a result of the recording calibration. [0033]A reproduction method
according to the present  



invention is for reproducing information from the above-described information recording medium. At
least one of the first through N-th recording layers of the information recording medium has a control
area in which information on the information recording medium is recorded. The reproduction method
comprises the step of reproducing information on the information recording medium from the control
area. [0034]A recording method according to the present invention is for recording information on the
above-described information recording medium. Each of the plurality of recording layers has a
recording calibration area usable for performing recording calibration to find an optimal recording
condition; and by the recording method, the recording calibration is performed only on a k-th (k is an
integer of 1 or greater and N or smaller) recording layer at the timing when recording is performed on
the k-th recording layer for the first time. ADVANTAGEOUS EFFECTS OF INVENTION  [0035]On a
recording medium including a plurality of recording layers, an area provided for performing recording
power calibration or other type of calibration, by which recording is conducted at a recording power not
guaranteed to be an optimal recording power while changing the recording power and thus
significantly influences the transmittance of the laser light passing the area, and an area provided for
strategy calibration or other type of calibration, by which recording is conducted at a recording power
fixed to the optimal power and thus does not much influence the transmittance of the laser light
passing the area, are separated from each other. In addition, the area provided for performing the
calibration at a recording power which is not guaranteed to be an optimal recording power while
changing the recording power is located at a different radial position among different recording layers.
Owing to this, the size of the area required by the OPC area (and the reserved area) for recording
calibration is suppressed to be minimum, and also the influence on the calibration results of other
recording layers can be minimized. 



BRIEF DESCRIPTION OF DRAWINGS  [0036]         FIG. 1 is a structural view of a general optical disc
including three recording layers. FIG. 2 shows a recording layer of a general optical disc.         FIG. 3A
shows an area arrangement of an optical disc according to Embodiment 1 of the present invention. 



FIG. 33 shows a modification of the area arrangement of the optical disc.         FIG. 3C shows a
modification of the area arrangement of the optical disc.         FIG. 3D shows a modification of the area
arrangement of the optical disc.         FIG. 3E shows a modification of the area arrangement of the
optical disc.         FIG. 3F shows a modification of the area arrangement of the optical disc. FIG. 4
shows a range influenced by laser light radiation  



according to Embodiments 1, 2, 3 and 4 of the present invention.       FIG. 5 shows how to use the
areas of the optical disc according to Embodiment 1 of the present invention.       FIG. 6 shows the
order in which the power calibration areas of the optical disc are used according to Embodiment 1 of
the present invention.       FIG. 7 shows a data structure relating to recording calibration in the optical
disc according to Embodiment 1 of the present invention.       FIG. 8 shows information relating to
power calibration in the optical disc according to Embodiment 1 of the present invention.       FIG. 9 is
a structural view of an optical disc recording and reproduction apparatus according to Embodiments 1,
2 and 3 of the present invention. FIG. 10showsarecordingcalibrationprocedure 



according to Embodiments 1, 2 and 3 of the present invention. FIG. 11 shows another example of an
area arrangement of an optical disc according to Embodiment 1 of the present  invention.       FIG. 12
shows an area arrangement of an optical disc according to Embodiment 2 of the present invention.
FIG. 13 shows how to use the areas of the optical disc according to Embodiment 2 of the present
invention. 



FIG. 14 shows a data structure relating to recording calibration in the optical disc according to
Embodiment 2 of the present invention.       FIG. 15 shows an area arrangement of an optical disc
according to Embodiment 3 of the present invention.       FIG. 16 shows how to use the areas of the
optical disc according to Embodiment 3 of the present invention.       FIG. 17 shows a data structure
relating to recording calibration in the optical disc according to Embodiment 3 of the present invention.
FIG. 18 shows a flow illustrating a concept of a general recording calibration procedure.       FIG. 19
shows an area arrangement of an optical disc in an example of the conventional art. FIG. 20 shows an
area arrangement of an optical disc 



including three recording layers to which the conventional art is applied.       FIG. 21 shows an area
arrangement of an optical disc according to Embodiment 4 of the present invention.       FIG. 22 shows
another example of an area arrangement of an optical disc according to Embodiment 4 of the present
invention.       FIG. 23 shows how to use the recording calibration areas A of the optical disc according
to Embodiment 4 of the present invention.       FIG. 24 shows a data structure relating to recording
calibration in the optical disc according to Embodiment 4 of the present invention.       FIG. 25 shows a
specific example of information relating to recording calibration in the optical disc according to
Embodiment 4 of the present invention. 



FIG. 26 is a structural view of an optical disc recording and reproduction apparatus according to
Embodiment 4 of the present invention. FIG. 27showsarecordingcalibrationprocedure  according to
Embodiment 4 of the present invention.        FIG. 28 shows the relationship between the varying rate
width of the recording power used for the power calibration area and that used for the strategy
calibration area. FIG. 29 shows an example of a structure of a multi-layer disc. 



FIG. 30 shows an example of a structure of a single layer disc. FIG. 31 shows an example of a
structure of a two-layer disc. disc. disc. FIG. 32 shows an example of a structure of a three-layer FIG.
33 shows an example of a structure of a four-layer 



FIG. 34 shows a physical structure of an optical disc  601 according to Embodiment 5. FIG.
35(A)shows an example of a 25 GB BD, and FIG. 35(8) shows an example of an optical disc having a
higher recording density than that of the 25 GB Bp. FIG. 36 shows how a mark stream recorded on a
track is  



radiated with a light beam.       FIG. 37 shows the relationship between the OTF and the shortest
recording mark when the recording capacity is 25 GB.       FIG. 38 shows an example in which the
spatial frequency of the shortest mark (2T) is higher than the OTF cutoff frequency and the amplitude
of a 2T reproduction signal is 0. DESCRIPTION OF EMBODIMENTS
[0037]Hereinafter,embodimentsofaninformation recording medium, and an apparatus and a method for
performing information recording and/or information reproduction according to the present invention
will be described with reference to the attached drawings. [0038]In the embodiments of the present
invention, a 



write once information recording medium on which recording can be performed only once is used as
an information recording medium. (EMBODIMENT 1) (1) Area arrangement  [0039]FIG. 1 shows a
stacking structure of a write once optical disc 1 including three recording layers. [0040]As shown in
FIG. 1, the optical disc 1 includes LO 



layer (recording layer 3), Li layer (recording layer 5) and L2 layer (recording layer 7) sequentially from
the one farthest from a cover layer 8 of the optical disc 1 irradiated with the laser light (namely,
sequentially from a substrate 2 toward the cover layer 8 on which the laser light is incident). [0041]As
shown in FIG. 2, each recording layer includes a lead-in zone 13, a data zone 14 and a lead-out zone
15.  [0042]FIG. 3A shows an area arrangement of the write once optical disc 1 according to
Embodiment 1 of the present invention.The write once optical disc 1 includes three recording
layers.The lead-in zone 13 of each recording 



layer includes a power calibration area and a strategy calibration area each as an OPC area for
recording calibration. In the example shown here, the LO layer includes a power calibration area 20
and a strategy calibration area 30, the LI layer includes a power  calibration area 21 and a strategy
calibration area 31, and the L2 layer includes a power calibration area 22 and a strategy calibration
area 32. An area of one recording layer which is located at the same radial position as that of the
power calibration area of another recording layer is assigned as a reserved area 40. [0043]The power
calibration area is an area usable for performing calibration of a recording power (power calibration).
The power calibration area is mainly used for finding an optimal recording power by performing
recording therein while, for example, changing the recording power. As shown in FIG. 3A, the power
calibration area 20, the power calibration area 21 or the power calibration area 22 present in each
recording layer is located so as not to include an area overlapping the power calibration area of
another recording layer in the radial direction, i.e., is located at a different radial position from the
power calibration area of another recording layer. The reason is, as described above, a difference in
an optical characteristic such transmittance, reflectance or the like caused by the  recording state of
another recording layer (especially, the transmittance or reflectance in the case where an area of
another recording layer located at an overlapping radial position was used for power calibration of
performing recording while changing the recording power) significantly influences the recording power.
The above setting is especially made such that an area of another recording layer which passes the
laser light for recording calibration does not overlap an area which was used for power calibration of
performing recording while changing the recording power. For example, the optical characteristic can
be prevented from being varied by keeping constant the recording state of another recording layer (by
putting the reserved area 40 into an unused state). 



[0044]The strategy calibration area is an area usable for performing recording pulse width calibration
(strategy calibration). The strategy calibration area is mainly used for finding an optimal strategy by
performing recording therein while, for example, fixing the recording power at the recording power
suitable to the optical disc 1 which was  found by the power calibration and changing the pulse width.
As shown in FIG. 3A, the strategy calibration area 30, the strategy calibration area 31 or the strategy
calibration area 32 present in each recording layer is secured as a different area from the power
calibration area, and is located so as to include an area overlapping the strategy calibration area of
another recording layer in the radial direction, i.e., is located at the same radial position as the strategy
calibration area of another recording layer as shown in FIG 3A. Such an arrangement is made
because the strategy calibration is performed after the power calibration, namely, after a recording
power generally suitable to each recording layer is determined. The transmittance balance of an area
having data recorded at a recording power generally suitable to the optical disc 1 is not largely
destroyed, and the transmittance can be suppressed within a prescribed range in such an area. By
strategy calibration, recording is performed at a recording power suitable to the optical disc 1.
Therefore, even if recording is performed with laser light which was passed through an area of another
recording layer  in which strategy calibration was already performed, the transmittance of the current
strategy calibration area is not substantially influenced by the recording state of the another recording
layer (can be suppressed to a negligible level). [0045]InFIG. 3A,thebordersbetweenthepower 



calibration areas and the reserved areas of two adjacent recording layers are shown as being exactly
the same radial position. In actuality, however, the borders do not need to be exactly the same radial
position. The borders between the power calibration areas and the reserved areas of two adjacent
recording layers may be deviated due to aligning errors of the recording layers made during the optical
disc production, or influences of characteristics of laser light.  [0046] In Embodiment 1 of the present
invention, an example in which the OPC areas for recording calibration are located in the lead-in zone
13 will be described. However, the present invention is not limited to this. The OPC area for recording
calibration may be located in the lead-out zone 15 in addition to the lead-in zone 13, or either in the
lead-  in zone 13 or the lead-out zone 15 in each recording layer. [0047] In this embodiment, the entire
CPC areas (both of the power calibration area and the strategy calibration area) are located in the
lead-in area 13. In this embodiment, however, each of the power calibration area and the strategy
calibration area may be located at any position as long as both of the areas are located on the same
recording layers. The reason for this is that the issue of this embodiment is the positional relationship
among the power calibration areas respectively located on a plurality of recording layers and also the
positional relationship among the strategy calibration areas respectively located on a plurality of
recording layers. As long as the condition that the power calibration area and the strategy calibration
area are both located on the same recording layer, it is not necessary that both of the areas are
located in the same zone (the lead-in zone 13, the lead-out zone 15, etc.). For example, the power
calibration area and the strategy calibration area may be separately located in different areas, such
that the power calibration area is located in the lead-in zone 13 and the  strategy calibration area is
located in the lead-out zone 15. [0048] Now, the reserved area 40 will be described. Until the power
calibration area of one recording layer is used, the reserved area in another recording layer located
between the one recording layer and the disc surface (the laser light incidence surface) is kept in an
unused state. In the case of a write once optical disc, the reserved area 40 is kept in an unrecorded
state. [0049]The positions of the areas in FIG. 3A is merely an example, and the areas may be located
at different positions. [0050] For example, in FIG. 3A, the power calibration areas are sequentially
located from the inner side in the LO layer toward the outer side in the L2 layer. This is merely an
example. Any area arrangement is sufficient as long as the following conditions are fulfilled: the power
calibration areas are located at different positions among the recording layers; and an area located at
a corresponding position to that of the power calibration area of another recording layer is in an
unused state when the power calibration area of the another recording layer is in use. For example,
the power 



calibration areas may be located in the recording layers as shown in FIGS. 3B through 3F. It is
understood that in any of FIGS. 3B through 3F, the power calibration areas are located at different
positions among different recording layers. [0051]FIG. 4 shows the influence of laser light on each
recording layer.For example, it is assumed that recording is performed in an area 400 of LO layer
continuously. Laser light is collected on LO layer and moves between a range 410 and a range 411.
Therefore, the information recording in the area 400 of LO layer is influenced by the optical
characteristic provided by the recording state of an area 401 of Ll layer and also by the optical
characteristic provided by the recording state of an area 402 of L2 layer. When information is recorded
on one recording layer, the area of the laser light transmitted through a recording layer is larger as the
recording layer is shallower than the one recording layer (i.e., closer to the laser light incidence
surface). Therefore, in order to keep constant the optical characteristics of the reserved area of such a
shallower   recording layer(s) to be transmitted by the laser light, namely, in order to keep the
recording state of such a reserved area in an unused state, the reserved area needs to have a size at
least approximately matching the expansion of the laser light on each of the shallower recording
layer(s). For this reason, the actual arrangement of the power calibration areas need to be made in
consideration of such an influence as well as the radial positions. 



[00521It should be noted that although the positions are not exactly the same in radial direction, but
such influences will not be described unless otherwise specified in this specification, for the
convenience of explanation. Namely, even where not explicitly described, the influence of the aligning
errors and the expansion of the laser light should be considered. A person of ordinary skill in the art
would expect how far such an influence is exerted and so could provide an arrangement of power
calibration areas, reserved areas and strategy areas in consideration of such an influence. In this
specification, the radial positions which are the same with the influence of the aligning errors and   the
expansion of the laser light being considered may be explicitly referred to the "same radial range
positions" occasionally, and such "same radial positions" still include these influences. [0053]As
described above, a power calibration area is an area in which recording is performed at a recording
power which is not guaranteed to be an optimal recording power while changing the recording power.
The recording power used for the power calibration may possibly be stronger or weaker than the
optimal recording power, and the transmittance of the laser light transmitted through the recorded
power calibration area may not be constant (the transmittance balance may possibly be destroyed).
Namely, in the case where in order to perform recording calibration on a recording layer, the laser light
passes an area of another recording layer on which power calibration has already been performed,
this may significantly influence the recording calibration results of, especially, a recording layer(s)
deeper (farther) from the light incidence surface. By contrast, a strategy calibration area is an area in
which  



recording is performed at an optimal recording power or a recording power which is guaranteed to
generally suitable in order to find an optimal strategy or the like.Therefore, the influence of the
transmittance caused by the recording state of the other recording layers is almost negligible.
[0054]As described in Embodiment 1 of the present invention, a power calibration area is located at a
different radial position from the power calibration area of another recording layer, and a strategy
calibration area is located at the same radial position among all the recording layers. Owing to such an
arrangement, the recording calibration results of all the recording layers are protected against being
influenced by the recording state of a different recording layer.In addition, the size of areas secured as
OPC areas, which are required when the number of recording layers is increased (i.e., the total size of
the power calibration area, the strategy calibration area and the reserved area(s)) can be suppressed
to be minimum.As a 



result, an area necessary for recording calibration can be secured, and the problem that the number of
times of usage by  the user (= the number of times the recording calibration can be made) is
decreased is solved. In addition, an increase of the size of the lead-in zone 13 or the lead-out zone 15
can be suppressed, and the problem that the size of the data zone 14 is decreased and the size of the
area usable by the user is decreased can be solved. [0055]The reserved area 40 is basically kept
unused, but may be used depending on the conditions. Specifically, this area only needs to be unused
until the power calibration area of another recording layer is used (in the case of a write once optical
disc, unrecorded). Namely, after the power calibration area of the another recording layer located at
the same radial position is used, this area is usable with no influence. Accordingly, for example, when
a strategy calibration area is short of, or out of, capacity, the reserved area can be re-assigned and
used as a strategy calibration area. [0056]This is applicable to other areas as well as the reserved
area 40.For example, when a power calibration 



areas is used up but the strategy calibration area still has  some room left, a part of such a strategy
calibration area may be re-assigned and used as a power calibration area, as long as the recording
state of the other recording layers at the same radial position is in the same state (unused); or vice
versa. The reserved areas may be used for other purposes than recording calibration, for example, for
recording of updates of the management information or for storing inherent information of the
recording apparatus which performed the recording. (2) How to use the areas [0057]In general, an
access to the optical disc 1 is made using an address physically assigned on the recording layer
(physical address; hereinafter, referred to simply as "PBA"). A physical address is roughly classified as
one physically embedded in the form of a wobble or the like on the track 11 of the disc, i.e., on a wall
surface of the recording groove; or as one provided in the data recorded on the disc. In this
specification, the "physical address" indicates the former, namely, the one physically embedded using
the wobble or the  



like of the recording groove, unless otherwise specified. (0058]Physical addresses (PBAs) are
sequentially assigned in an ascending order in the direction of the track path of the disc.More
specifically, in the case of a two-layer recording disc including two recording layers (LO layer and Ll
layer), an addressing method called "opposite path" is generally used.Namely, physical addresses are
assigned in an ascending order from the inner side toward the outer side in LO layer, whereas physical
addresses are assigned in an ascend g order from the outer side toward the inner side in Ll layer.
[0059]FIG. 5 shows an example of how to use the power 



calibration areas and the strategy calibration areas in a write once op cal disc according to
Embodiment 1 of the present invention. In the example of FIG. 5, the same area arrangement as
shown in FIG. 3 is used. However, the method of using the power calibration areas and the strategy
calibration areas described below is applicable to any area arrangement of FIGS. 33 through 3F.
[0060]In FIG. 5, arrows represent the directions in which  the power calibration areas and the strategy
calibration areas are used (recording directions). [0061]As shown in FIG. 5, the power calibration
areas are used in the opposite direction to the track path. The reason is as follows. At the stage of
power calibration, the power has not been adjusted, naturally. It cannot be guaranteed at which power
the recording will be performed. Therefore, the track 11 may be possibly destroyed by performing
recording at an excessively high power. In consideration of this, the power calibration areas are used
in the opposite direction to the track path. [0062]FIG. 6 shows an example of how to use the power 



calibration areas more specifically. A method of using the power calibration areas in the opposite
direction to the track path will be described. In FIG. 6, the power calibration area 20 of LO layer will be
described as an example. [0063]Whereas the track path of LO layer is used from the inner side toward
the outer side, the power calibration area 20 is used from the outer side toward the inner side. Namely,
the first time the power calibration area 20 is used, as shown in FIG. 6(a), a position which is inner
from the outer border of the power calibration area 20 by the size to be used is set as the start position
of the data.Then, the data is recorded in the direction of the track path. [0064]The next time the power
calibration area 20 is used, 



as shown in FIG. 6(b), the start position of the recording in FIG. 6(a) is set as the end position.A
position which is inner from the end position by the size to be used is set as the start position of the
data.Then, the data is recorded in the direction of the track path.This is repeated thereafter.As a result,
as shown in FIG. 6(c), even after the power calibration area 20 is used N times, the start position of a
track path inner from the used track paths is kept in an unrecorded state. 



[0065]By contrast, the strategy calibration areas are used in one same direction as shown in FIG. 5.
[0066]The reason why such a method of use is adopted will he described in more detail. An access to
the optical disc is made using a PBA, and accesses for continuous recording or  the like are made in
an ascending order of the PBA.For 



making an access to a target address for recording or the like, confirmation processing
(synchronization) of the access position is performed as follows. The optical head (not shown) is
moved (seek operation) to a position before the target address, and the optical head is moved along
the track 11 relying on the reflected light from the track 11, utilizing the rotation of the optical disc 1 by
focus servo, until reaching the target address. Thus, the optical head is made ready to emit laser light
for recording and reproduction from the target address. [0067]Since such an access method is used, if
the power calibration area is used in the ascending order of the PBA like the track path, the following
occurs. When the track is destroyed as described above, the address cannot be obtained the next time
the power calibration area is used because the area before the target address is destroyed. As a
result, the optical head cannot seek to an area before the target address, and cannot access the target
address. [0068]The strategy calibration area is used after the  power calibration,, after the power is
adjusted. Therefore, it is guaranteed that recording is performed at a recording power generally
suitable to the optical disc. For this reason, such a restriction that the strategy calibration area is used
in the opposite direction to the track path is not necessary, unlike the power calibration area. Hence, it
is conceivable as one example, as shown in FIG. 5, that the strategy calibration areas of all the
recording layers are used in the same direction (for example, from the outer side toward the inner side,
regardless of the direction of the track path of the recording layers). 



[0069]With such a manner of use, if a power calibration area is used up but the strategy calibration
areas of all the recording layers still have some room left, this manner of usage makes it possible to
assign a strategy calibration areas for power calibration. More specifically, the strategy calibration
areas may be used as follows. The strategy calibration areas of all the recording layers are used from
the outer side toward the inner side. When the strategy calibration areas of all the recording layers
have some  capacity left, a part at the innermost end of a strategy calibration area can be re-assigned
as the power calibration area for power calibration (because the innermost end is unused in all the
recording layers, the same condition as that of the power calibration areas can be guaranteed). (3)
How to provide information on the OPC areas  [0070]In the case of a rewritable optical disc such as
BD-RE, the OPC areas can be randomly used. By contrast, in the case of a write once optical disc
such as BD-R, recording can be made only once in the OPC areas also. As described above,
recording may not be performed at an optimal bower in the OPC areas, especially in the power
calibration areas. Therefore, how much of the areas has been used may not be determined based on
the recording state of the medium. As the number of recording layers or areas increases, it is wasteful
to check the using state of all the areas each time. Therefore, it is effective that a write once optical
disc or the like has pointer information which indicates how much of the areas has been used as
management information. 



the power calibration areas and the strategy calibration areas in a write once optical disc. Here, the
same area arrangement as shown in FIG. 3A will be described as an example. [0072]In the lead-in
zone 13, the lead-out zone 15 or the like of the optical disc 1, a management information area (not
shown) called a DMA (Disc Management Area or Defect Management Area) usable for recording
management information is provided. In the case of a write once optical disc, a DMA is an area in
which final management information (DMS) is recorded at the time of finalization. Therefore, a
temporary DMA area (not shown; hereinafter, referred to as "TDMA") separate from the DMA area
may be secured, so that transitional management information before finalization can be updated in a
write once manner. [0073]In the TDMA, a TDMS 700 is recorded including a DFL 702 which is
information on defect positions or alternative recording and a DDS 701 including the position
information on 



the DFL 702, the position information on the areas of the  optical disc and the like. A DDS is also
referred to as a "disc definition structure".As the TDMS and the DMS, basically the same type of data
is recorded.Between TONS and the DMS, the locations of the DEL 702 and the DDS 701 are
inverted.FIG. 7 is provided to show information on the 



recording calibration.Therefore, the TOMS 700, which is information recorded at recordable timings,
i.e., at transitional timings before the finalization, will be described as an example. [0074]There may be
a plurality of DMA's or TDMA's on the optical disc 1.Specifically, for example, DMA's may be securely
obtained in the lead-in zone 13 or the lead-out zone 15. The TDMA's may be securely obtained in the
lead-in zone 13 or a spare area (not shown) for alternative recording which is securely obtained in the
data zone 14. [0075]The information included in the TDMS (DMS) is not limited to the DFL 702 which
is the disc management information and the DDS 701 including the information on the position thereof.
Specifically, for example, the information recorded in the TDMS (DMS) may occasionally include
SRRI, 



which represents the location, or the state of use, of a track (SRR) in the data zone 14 on the optical
disc 1, and SBM, which represents the recorded/unrecorded state which is used for random recording,
as the disc management information in addition to the DEL 702. [0076]The DDS 701 includes an
identifier 710 indicating that this information is a DDS, DEL position information 711 indicating the
position at which the DEL 702 is recorded, LO power calibration area next available position
information 712 indicating a position of the power calibration area 20 which can be used the next time,
Ll power calibration area next available position information 713 indicating a position of the power
calibration area 21 which can be used the next time, L2 power calibration area next available position
information 714 indicating a position of the power calibration area 22 which can be used the next time,
LO strategy calibration area next available position information 715 indicating a position of the strategy
calibration area 30 which can be used the next time, Li strategy calibration area next available position
information 716 indicating a position  of the strategy calibration area 31 which can be used the next
time, and L2 strategy calibration area next available position information 717 indicating a position of
the strategy calibration area 32 which can be used the next time. [0077] FIG. 8 shows next available
position information. In FIG. 8, the power calibration area 20 of LO layer will be described as an
example. [0078]It is assumed that the power calibration area 20 is to be used from the outer side
toward the inner side as shown in FIG. 8. In the state where the power calibration area 20 is not used
at all, as shown in FIG. 8(a), the LO power calibration area next available position information
indicates PBA:A, which is the outermost position of the power calibration area 20. After the power
calibration area 20 is used once, as shown in FIG. 8(b), the LO power calibration area next available
position information indicates PBA:B. After the power calibration area 20 is used one more time, as
shown in FIG. 8(c), the LO power calibration area next available position information indicates PBA:C.
The position indicated by the LO power calibration area next available 



position information is changed in this manner. [0079]Such position information is indicated by, for
example, a PBA, which is position information in the optical disc 1. [0080]As described above, the
optical disc can include information on the position of each of the power calibration area and the
strategy calibration area which can be used the next time for each recording layer. In the case where
such a structure is adopted, as the number of recording layers increases, the number of pieces of
required information increases accordingly. (4) Recording and reproduction apparatus 



[0081]FIG. 9 shows a structure of an optical disc  recording and reproduction apparatus 100 according
to Embodiment 1 of the present invention, for performing recording to or reproduction from the optical
disc 1.  [0082]The optical disc recording and reproduction apparatus 100 is connected to an
upper-level control apparatus (not shown) via an I/O bus 180.The upper-level   control apparatus is, for
example, a host computer (host PC).  [0083] The optical disc recording and reproduction apparatus
100 includes an instruction processing section 110 for processing an instruction from the upper-level
control apparatus, an optical head 120 for Irradiating the optical disc 1 with laser light for performing
recording or reproduction, a laser control section 130 for controlling the laser power which is output
from the optical head 120, a recording compensation circuit 140 for converting a specified pulse width
(strategy) into a recording pulse signal suitable to pit formation, a mechanical control section 160 for
moving the optical head 120 to a target position or performing servo control, a system control section
150 for performing total control of the entire system processing including recording or reproduction
processing to or from the optical disc 1 and also performing control on the entire recording calibration
processing, and a memory 170 for temporarily storing data. 



, [0084] Furthermore, the system control section 150 includes a recording calibration section 151 for
controlling recording calibration processing in the optical disc 1, an  access position management
section 154 for finding a position at which recording or reproduction is to be performed, from the
management information or the like on the optical disc 1, and a recording control section 155 and a
reproduction control section 156 for respectively performing recording and reproduction of user data or
management information included in the TDMA or the like in response to an instruction from the host,
an instruction from the system control section 150 or the like. Furthermore, the recording calibration
section 151 includes a power calibration section 152 for controlling the power calibration and a
strategy calibration section 153 for controlling the strategy calibration. [0085]When the optical disc 1 is
inserted into the optical disc recording and reproduction apparatus 100, the action of the laser control
section 130 and the mechanical control section 160 causes the optical head 120 to reproduce, at a
prescribed radiation power, a control area (not shown) in thelead-in zone 13 of the recording layer LO.
The control area has information on the optical disc 1 embedded in the lead-in zone 13 in advance.
Thus, the optical head   120 reads recording parameter information such as the radiation power or the
like for performing recording on the recording layer LO, the recording layer Li and the recording layer
L2. 



[0086]When a recording request is issued from the upper- level control apparatus, the recording
calibration section 151 of the system control section 150 of the optical disc recording and reproduction
apparatus 100 performs recording calibration in an GPO area provided in each recording layer, and
then performs recording on a target recording layer at the obtained recording power. [0087]For
performing recording calibration, the power calibration section 152 of the recording calibration section
151 performs power calibration for finding an optimal power using the power calibration area of each
recording layer, and the strategy calibration section 153 of the recording calibration section 151
performs strategy calibration for finding an optimal strategy using the strategy calibration area in each
recording layer.Thus, the optimal recording parameters are found.A position of each area used for  



recording calibration is found as follows.For example, in the case where the optical disc 1 is a write
once optical disc, the reproduction control section 156 reads the management information or the like
shown in section (4) of Embodiment 1 of the present invention onto the memory 170, and the
management information control section 154 determines a position usable for the recording calibration
based on the read data. Alternatively, in the case where the optical disc 1 is a rewritable optical disc,
the access position management section 154 finds an arbitrary position from the range of the power
calibration area and the strategy calibration area provided in each recording layer. (5) Recording
calibration method [0088]FIG. 10 shows a flow of a recording calibration procedure on the optical disc
1 of a write once type according to Embodiment 1 of the present invention. Here, the same area
arrangement of the optical disc 1 as shown in FIG. 3 will be described as an example. [0089]Step
1001: Processing in steps 1002 through 1007  



described later is repeated for all the recording layers. For example, in the case of the optical disc 1
having the area arrangement shown in FIG. 3A, the processing is repeated for the recording layer 3
(LO layer), the recording layer 5 (L1 layer) and the recording layer 7 (L2 layer). In this example, the
recording calibration is sequentially performed from the recording layer farthest from the disc surface
(laser light incidence surface) toward the recording layer closest to the disc surface. This order is
merely an example, and the present invention is not limited to this. [0090]Step 1002: A position used
for the recording calibration is calculated.Specifically, the reproduction control section 156 of the
system control section 150 reads the latest DOS 701 included in the latest DMS 700 from the TOMA of
the optical disc 1 onto the memory 170. Based on the read data, the access position management
section 154 obtains the information on the position which can be used the next time, of each of the
power calibration area and the strategy calibration area in a recording layer on which the recording
calibration is to be performed (for example, for LO layer,  the LO power calibration area next available
position information 712 and LO strategy calibration area next available position information 715).
Based on this information, the access position management section 154 determines the size of the
power calibration area and the strategy calibration area to be used for recording, and the direction of
using the power calibration area and the strategy calibration area in the recording layer on which the
recording calibration is to be performed. Then, the access position management section 154
calculates the start position of recording for power calibration to be performed next and the start
position of recording for strategy calibration to be performed next. The "latest" DDS 701 means the
DDS 701 included in the latest of the DMS's 700 included in the TDMA, in which the transitional
management information is updated. [00911 Step 1003: Power calibration is performed. Specifically,
the power calibration section 152 of the recording calibration section 151 determines the laser
radiation power on the recording layer on which the recording calibration is to be performed (for
example, a plurality of  



patterns of laser power), and sets the power in the laser control section 130. The power calibration
section 152 also sets a prescribed strategy (for example, the strategy described in the control area) in
the recording compensation circuit 140. Then, the power calibration section 152 moves the optical
head 120 to the start position of the recording for power calibration found in step 1002 using the
mechanical control section 160, and allows the optical head 120 to perform the recording. Based on
the recording quality of the recorded area (for example, the modulation degree or BER), the power
calibration section 152 finds an optimal power (for example, a power, among the plurality of patterns of
laser power, at which the modulation degree is closest to the expected value). [0092]If the recording
for power calibration results in a  failure, the access position management section 154 may find the
access position again based on the position at which the failed recording was performed, and perform
step 1003 again as a retry. [0093]Step1004:Thepowercalibration areanext  available position
information is updated. Specifically, the power calibration section 152 updates the power calibration
area next available position information, included in the data corresponding to the DDS 701 read onto
the memory 170, of the recording layer on which the recording for power calibration was performed
(for example, in the case of LO layer, the LO power calibration area next available position information
712). The update is made from the position at which the recording for power calibration was performed
in step 1003. [0094]Step 1005: Strategy calibration is performed. 



Specifically, the strategy calibration section 153 of the recording calibration section 151 sets the
optimal recording power for the recording layer for the recording calibration, found in step 1003, in the
laser control section 130, and also sets a strategy (for example, a plurality of patterns of strategy) in
the recording compensation circuit 140. Then, the strategy calibration section 153 moves the optical
head 120 to the start position of the recording for strategy calibration found in step 1002 using the
mechanical control  section 160, and allows the optical head 120 to perform the recording. Based on
the recording quality of the recorded area (for example, the modulation degree or phase shift), the
strategy calibration section 153 finds an optimal recording strategy (for example, a strategy, among the
plurality of patterns of strategy, at which the phase shift is smallest). [0095] If the recording for strategy
calibration results in a failure, the access position management section 154 may find the access
position again based on the position at which the failed recording was performed, and perform step
1005 again as a retry. [0096]Step 1006: The strategy calibration area next available position
information is updated. Specifically, the strategy calibration section 153 updates the strategy
calibration area next available position information, included in the data corresponding to the DDS 701
read onto the memory 170, of the recording layer on which the recording for strategy calibration was
performed (for example, in the case of LO layer, the LO strategy calibration area next available
position information 715). The update is made from  the position at which the recording for strategy
calibration was performed in step 1005. 



[0097]Step 1007: The processing from steps 1002 through  1006 described above is repeated for all
the recording layers. When there is a recording layer on which recording calibration has not been
finished, the processing returns to step 1001. When recording calibration has been finished on all the
recording layers, the processing advance to step 1008.  [0098] Step 1008: The management
information is updated. Specifically, the system control section 150 uses the recording control section
155 to record data, corresponding to a new DDS updated in steps 1004 and 1006 and stored in the
memory 170, in the TDMA as the new TDMS 700 in a write once manner. [0099]The management
information does not need to be updated after the recording calibration, and may be performed
anytime before the optical disc 1 is discharged from the optical disc recording and reproduction
apparatus 100.  [0100]The laser power and the strategy used in this case are based on those obtained
by the recording calibration  



described above. [0101]The recording calibration is performed in the procedure described above.
[0102]In FIG. 10, the recording calibration is performed at the same timing for all the recording layers.It
is not necessary to perform the recording calibration at the same timing. The recording calibration on
the target recording layer only needs to be done before usual recording is performed on the target
recording layer at the latest. It is not necessary to actually perform the recording calibration on all the
recording layers. For example, it is acceptable that the recording calibration is performed on at least
one recording layer and the optimal parameters for the other recording layers are found by calculation
based on the results obtained for the at least one recording layer. Even in this case, it is regarded that
actual calibration is performed on the other recording layers. [0103]Although not shown in FIG. 10,
after the power 



calibration and the strategy calibration, margin checking processing or the like may be performed for
checking whether  or not the parameters obtained by the calibration are truly the optimal parameters.
[0104]It is not necessary to perform both the power calibration of step 1003 and the strategy
calibration of step 1005. Specifically, for example, the following control is usable: in the case where the
results of the calibration performed in the past by the optical disc recording and reproduction
apparatus 100 (calibration history) are left in a drive inherent information area (also referred to as a
"drive area") or the like of the optical disc 1, strategy calibration is not performed (i.e., only the power
calibration is performed). [0105]In FIG. 10,the write once optical disc is 



described as an example. The recording calibration can be realized on a rewritable disc using
substantially the same method. In this case, in step 1002, the recording calibration position is
randomly selected from each of the power calibration area and the strategy calibration area, and the
management information updating processing of steps 1004, 1006 and 1007 is not necessary, unlike
in the case of the  write once optical disc. [0106]In Embodiment 1 of the present invention, the OPC
areas for recording calibration are provided in the lead-in zone 13. Where, for example, the OPC areas
for recording calibration are also provided in the lead-out zone 15, recording calibration is performed in
the OPC areas in, for example, the lead-out zone 15 in the above-described manner when necessary.
[0107]In Embodiment 1 of the present invention, the power calibration areas of all the recording layers
are located at different radial positions.It is not necessary that the 



power calibration areas of all the recording layers are located at different radial positions.More
specifically, the recording characteristic (transmittance or the like) of one recording layer significantly
influences the record state of an adjacent recording layer. Therefore, for example, as shown in FIG.
11,is acceptable that the power calibration areas of at least the adjacent recording layers (for example,
the power calibration area 21 of Li layer and the power calibration area 20 of 1,0 layer, or the power
calibration area 21 of Li layer and the power calibration area 22 of L2 layer) are located at different
positions, and that the power calibration areas of the non-adjacent recording layers (for example, the
power calibration area 20 of LO layer and the power calibration area 22 of L2 layer) are located at the
same radial position. This arrangement does not significantly influence the power calibration results.
Namely, even where the power calibration areas of the adjacent recording layers (in other words, the
recording layers in which the directions of the track path are opposite to each other) are located at
different radial positions and the strategy calibration areas of such recording layers are located at the
same radial position, substantially the same effect as described in Embodiment 1 of the present
invention can be provided. In addition, the following control is usable: in the case where the number of
recording layers is further increased to six or eight, the number of recording layers in which the power
calibration areas can be located at the same radial position is limited to N (N is a positive integer of 0
or greater). 



(6) Production method [0108]Now, a method for producing the information recording medium in this
embodiment will be briefly described. [0109] First, a disc substrate 2 having a track used for recording
information signals corresponding to an address signal or control data on a surface thereof is formed
or prepared. Thus, the recording layer 3 having calibration areas in an arrangement shown in any of
FIGS. 3A through 3F can be formed on the disc substrate 2. [0110]Next, a track used for recording
information signals is formed also on a surface of the intermediate layer 4 on which the recording layer
5 is to be formed. Thus, the recording layer 5 having calibration areas in an arrangement shown in any
of FIGS. 3A through 3F can be formed on the intermediate layer 4. [0111]Next, a track used for
recording information 



signals is formed also on a surface of the intermediate layer 6 on which the recording layer 7 is to be
formed. Thus, the recording layer 7 having calibration areas in an arrangement  shown in any of FIGS.
3A through 3F can be formed on the intermediate layer 6. [0112]After the recording layer 7 is formed,
the cover layer 8 is formed. 



(EMBODIMENT 2) (1) Area arrangement [0113]FIG. 12 shows an area arrangement of a write once
optical disc including three recording layers according to Embodiment 2 of the present invention.
[0114]As shown in FIG. 12, Embodiment 2 of the present invention is the same as Embodiment 1 of
the present invention (described with reference to FIGS. 3A through 3F) except that the power
calibration areas 23 located at a prescribed radial position which is common to all the recording layers
in appearance, like the strategy calibration areas 30, 31 and 32, and accordingly no area
corresponding to the reserved area is secured. In Embodiment 1 of the present invention, the power
calibration areas are located at different radial positions among different recording layers.  



As described above in Embodiment 1 of the present invention, it is desired that an area of each
recording layer used for power calibration is controlled not to be influenced by the recording state of
the other recording layers (namely, it is desired that recording for power calibration is not performed at
the overlapping radial position among different recording layeis). Therefore, Embodiment 2 has a
feature in how to use the power calibration areas. This will be described in section (2). [01151In
Embodiment 2 of the present invention, how to use the power calibration areas 23 will be described,
but the same manner of usage is also applicable to the strategy calibration areas or the like. [0116]In
Embodiment 2 of the present invention, a write once optical disc is described as an example. As
described in section (2) of Embodiment 1 of the present invention, the same manner of management is
also applicable to a rewri able information recording medium and the same effect as for the write once
optical disc is provided. In the case of the rewritable optical disc, the calibration areas are randomly
used, and so it is difficult to keep the corresponding areas of the other recording layers unused
(unrecorded). Therefore, it is effective to put the power calibration areas and the reserved areas of the
recording layers into a uniform recording state (for example, to record 0 data in all these areas). 



[0112]As described in Embodiment 2 of the present invention, recording power calibration is performed
at a recording power which cannot be guaranteed as the optimal power, i.e., while changing the
recording power. Therefore, a power calibration area of one recording layer used for recording power
calibration is significantly influenced by the transmittance balance provided by the recording state of
another recording layer. Such power calibration areas are used such that recording is not performed at
an overlapping position among different recording layers. By contrast, strategy calibration is performed
while fixing the record ci power to the optimal recording power. Therefore, a strategy calibration area
of one recording layer used for strategy calibration is unlikely to be influenced by the transmittance
provided by the recording state of another recording layer. Such a strategy calibration area is located
at the same radial position among all the recording layers. Owing to such an arrangement, the power
calibration results of all the recording layers are protected against being influenced by the recording
state of a different recording layer. in addition, the size of areas secured as OPC areas, which are
required when the number of recording layers is increased (i.e., the total size of the power calibration
area, the strategy calibration area and the reserved area(s)) can be suppressed to be minimum.
Therefore, an area necessary for recording calibration can be secured, and the problem that the
number of times of usage by the user (= the number of times the recording calibration can be made) is
decreased is solved. In addition, the increase of the size of the lead-in zone 13 or the lead-out zone 15
can be suppressed, and the problem that the size of the data zone 14 is decreased and the size of the
area usable by the user is decreased can be solved.  (2) How to use the areas [0118]Regarding how
to use the areas for recording 



calibration, Embodiment 2 of the present invention is the same as Embodiment 1 of the present
invention except for the manner of using the power calibration areas 23. [0119]FIG. 13 shows an
example of how to use the power calibration areas according to Embodiment 2 of the present
invention. In this example, the power calibration area 23 of each recording layer is used in the opposite
direction to the track path, as described with reference to FIG. 5 in section (2) of Embodiment 1 of the
present invention. Namely, in each of LO layer and L2 layer, the power calibration area 23 is used
from the outer side toward the inner side; whereas in Li layer, the power calibration area 23 is used
from the inner side toward the outer side. It is assumed that the recording calibration is sequentially
performed first on LO layer, then on Ll layer and finally on L2 layer. [0120]For performing power
calibration on LO layer in which the track path is used from the inner side toward the outer side,
recording is performed in the power calibration  



area 23 in an unused state as follows.As shown in (a), a position which is inner from the outer border
of the power calibration area 23 by the size to be used is set as the start position of the data.Then, the
data is recorded in the direction of the track path.For performing power calibration on Ll layer in which
the track path is used from the outer side toward the inner side, as shown in (b), a position which is
outer from the inner border of the power calibration area 23 by the size to be used is set as the start
position of the data.Then, the data is recorded in 



the direction of the track path.Finally, for performing power calibration on L2 layer in which the track
path is used from the inner side toward the outer side like LO layer, as shown in (c), the start position
used in LO layer shown in (a) is set as the end position. A position which is inner from the end position
by the size to be used is set as the start position of the data.Then, the data is recorded in the direction
of the track path.This is repeated for each recording layer thereafter. [0121]In this manner, an area at
a radial position  



different from the areas in the other recording layers is used. Namely, the recording for power
calibration is performed in an area which does not overlap the areas already used in the other
recording layers. Thus, power calibration can be performed with the same recording state among the
recording layers. When a portion to be used in the area used from the inner side overlaps a portion to
be used in the area used from the outer side, the power calibration areas 23 are used up. [0122]In the
example of FIG. 13, the recording power calibration is performed at the same timing for all the
recording layers successively. Even in the case where calibration is performed in the power calibration
area 23 of only a specific recording layer, the manner of usage and the effect are the same as
described above. [0123]As described in section (1) of Embodiment 1 of the present invention, for
example, the end position of the area used in (c) is not at exactly the same radial position as the start
position used in (a). It is necessary to consider the aligning errors or the influences of the characteristic
of  the laser light. Therefore, the start position in (c) needs to be the position inner from the end
position by the size to be used for the calibration. The end position is set at the position inner from the
start position of the area used in (a) by the size corresponding to such influences (hereinafter, referred
to as an "offset ) in proper working order. 



(3) How to provide information on the OPC areas  [0124]In Embodiment 2 of the present invention, as
described in section (3) of Embodiment 1 of the present invention, it is effective that a write once
optical disc or the like has pointer information which indicates how much of the areas has been used
as management information. [0125]FIG. 14 shows an example of information regarding the power
calibration areas and the strategy calibration areas in a write once optical disc. In FIG. 14, the same
area arrangement as shown in FIG. 12 will be described as an example. [0126]Regarding the strategy
calibration areas, next available position information is provided for each recording 



layer as described in section (3) of Embodiment 1 of the present invention. [0127]Regarding the power
calibration areas, power calibration area inner side next available position information 1301 and power
calibration area outer side next available position information 1302 are provided as information
common to all the recording layers. In the example of FIG. 13, the power calibration area outer side
next available position information 1302 is used and updated by the power calibration performed on
each of LO layer and L2 layer, in which the power calibration area is used from the outer side toward
the inner side. The power calibration area inner side next available position information 1301 is used
and updated by the power calibration performed on Ll layer, in which the power calibration area is
used from the inner side toward the outer side. Since these pieces of information are common to all
the recording layers, it is not sufficient to specify the position merely with the PBA information, unlike in
section (3) of Embodiment 1 of the present invention. For example, the position needs to be   specified
by information regarding the radial position. Alternatively, the position needs to be specified by the
PEA in the recording layer used immediately previously.In the latter case, when using the position
actually, the PEA is converted into a PEA in the recording layer to be used. 



[0128]As described in section (2) of Embodiment 2 of the present invention, the position usable the
next time needs to be specified in consideration of the aligning errors of the disc or the influences of
the characteristic of the laser light.Therefore, both the inner side next available position information
and the outer side next available position information need to specify a position obtained by adding the
above-mentioned offset to the actual end position. Alternatively, the areas need to be used from a
position obtained by adding the offset, when actually using the position. (4) Recording and
reproduction apparatus [0129]Therecording and reproduction apparatus in Embodiment 2 of the
present invention is the same as that 



described in section (4) of Embodiment 1 of the present invention with reference to FIG. 9 and will not
be described he e (5) Recording calibration method [0130]The procedure of the recording calibration in
Embodiment 2 of the present invention is the same as that described in section (5) of Embodiment 1 of
the present invention with reference to FIG. 10 except for steps 1002 and 1004.Here, only the steps
different from those Embodiment 1 of the present invention will be described. [0131]Step 1002: A
position used for the recording 



calibration is calculated.Specifically, the reproduction control section 156 of the system control section
150 reads the latest DDS 701 included in the latest TDMS from the TDMA of the optical disc 1 onto the
memory 170. Based on the read data, the access position management section 154 obtains the
information on the position of each of the power calibration area and the strategy calibration area
which can be used the next time, of a recording layer on which the recording  calibration is to be
performed (for example, for LO layer, the power calibration area outer side next available position
information 1302 and LO strategy calibration area next available position information 715). Based on
such information, the access position management section 154 determines the size of area to be used
for recording in the power calibration area and the strategy calibration area, and the direction of using
the power calibration area and the strategy calibration area of the recording layer on which the
recording calibration is to be performed. Then, the access position management section 154
calculates the start position of recording for power calibration to be performed next and the start
position of recording for strategy calibration to be performed next. The "latest" DDS 701 means the
DDS 701 included in the latest of the DMS's 700 included in the TDMA, in which the transitional
management information is updated. [0132] Step 1004: The power calibration area next available
position information is updated. Specifically, the power calibration section 152 updates the power
calibration area next available position information, included in the  data corresponding to the DOS
701 read onto the memory 170, of the recording layer on which the recording for power calibration was
performed (for example, in the case of LO layer, the power calibration area outer side next available
position information 1302). The update is made from the position at which the recording for power
calibration was performed in step 1003. [0133]In Embodiment 2 of the present invention, as 



described in section (1) of Embodiment 1 of the present invention, an unused area of the power
calibration area 23 corresponding to the radial position already used in the other recording layers,
namely, an area from the inner border of e power calibration area 23 to the power calibration area
inner side next available position information 1301, and an area from the power calibration area outer
side next available position information 1302 to the outer border, of a recording layer in which such a
radial position has not been used, are usable as a strategy calibration area, as a management
information area, or for data recording or other processing which is not influenced, unlike power
calibration,  by the recording state of the other recording layers. It is difficult to determine whether or
not such a radial position of that recording layer has been actually used. Therefore, for example, for Li
layer in which the power calibration area 23 is used from the inner side, it is more effective to set an
area from the power calibration area outer side next available position information 1302 to the outer
border of the power calibration area 23 as a usable area. [0134]In Embodiment 2 of the present
invention, the power calibration areas 23 of all the recording layers need to have the same size
excluding the influences such as the aligning errors.By contrast, the strategy calibration areas do not
need to have the same size among all the recording layers. For example, in the case where the
strategy calibration areas in all the recording layers are used in the same direction, for example, from
the outer side toward the inner side, the strategy calibration areas of all the recording layers should
have the outer border at the same radial position but do not need to have the inner border at the same
radial position. [0135]In Embodiment 2 of the present invention, an area 



in each recording layer used for power calibration does not overlap the areas used in the other
recording layers. It is not necessary that the areas used for power calibration are located at different
radial positions among all the recording layers. More specifically, as described in Embodiment 1 of the
present invention with reference to FIG. 11, the recording characteristic (transmittance or the like) of
one recording layer significantly influences the recording state of an adjacent recording layer.
Therefore, for example, it is acceptable that among at least adjacent recording layers, areas at
different radial positions are used for power calibration, but among non-adjacent recording layers,
overlapping areas (areas including the same radial position) are used for power calibration. This
arrangement does not significantly influence the power calibration results. Namely, even where the
areas used for power calibration of the adjacent recording layers (in other words, the recording layers
in which the directions of the track path are opposite to each other) do not overlap, but the strategy
calibration areas of such recording layers are located at the same radial  position, substantially the
same effect as described in Embodiment 2 of the present invention can be provided. In addition, the
following control is usable: in the case where the number of recording layers is further increased to six
or eight, the number of recording layers in which the power calibration areas can be located at the
same radial position is limited to N (N is a positive integer of 0 or greater (EMBODIMENT 3) (1) Area
arrangement [0136]FIG. 15 shows an area arrangement of a write once 



optical disc including three recording layers according to Embodiment 3 of the present invention.
[0137]The lead-in zone 13 of the optical disc 1 includes OPC areas 50 for recording calibration.
[0138]The OPC areas 50 are located at the same radial position among all the recording layers, and
are used for power calibration or strategy calibration. Unlike in Embodiment 1 and 2 of the present
invention, the OPC areas 50 are not clearly divided into power calibration areas or  strategy calibration
areas.Instead, an arbitrary size of 



each OPC area 50 is assigned as a part of area for power calibration 51 or a part of area for strategy
calibration. 52 before the OPC area 50 is used for recording for the first time. This will be described
later in section (2) in detail. (2) How to use the areas [0139]FIG. 16 shows an example of how to use
the OPC areas 50 according to Embodiment 3 of the present invention. In FIG. 16, the same area
arrangement as shown. in FIG. 15 will be described as an example. [0140]Before each OPC area 50 is
used for recording for the first time, the OPC area 50 is assigned as the part of area for power
calibration 51 and the part of area for strategy calibration 52, each of an arbitrary size (i.e., the areas
51 and 52 are assigned at an arbitrary assignment ratio). Also among the recording layers, the part of
areas for power calibration 51 are assigned in an arbitrary size (at an arbitrary assignment ratio) so as
not to overlap (so as not to be located at the same radial position). The part  



of areas for strategy calibration 52 may overlap among the recording layers, and therefore remain at
the overlapping position (the same radial position) among the recording layer. [0141] The part of areas
for power calibration 51 are used in the opposite direction to the track path like in Embodiments 1 and
2 of the present invention. Specifically, in each of E0 layer and L2 layer, in which the track path is used
from the inner side toward the outer side, the area assigned as the part of area for power calibration
51 is used from the outer side toward the inner side, with the outer border thereof being the start
position of the data. In Ll layer, in which the track path is used from the outer side toward the inner
side, the area assigned as the part of area for power calibration 51 is used from the inner side toward
the outer side, with the inner border thereof being the start position of the data. [0142]By contrast, as
the part of areas for strategy calibration 52, overlapping areas are used among the recording
layers.Specifically, the part of areas for strategy calibration 52 are used in one direction (for   example,
from the outer side toward the inner side) regardless of the direction of the track path. 



[0143]The part of area for power calibration 51 and the part of area for strategy calibration 52 may be
assigned so as to have an equal size. Alternatively, where the optical disc 1 has a narrow (small)
power margin because of the feature of the manufacturer, the part of area for power calibration 51 may
be assigned to have a larger size than the part of area for strategy calibration 52. Still alternatively,
where the optimal power can be calculated by estimation to some degree but the optimal strategy
cannot be easily found without actually performing recording calibration, the part of area for strategy
calibration 52 may be assigned to have a larger size than the part of area for power calibration 51.
[0144]In Embodiment 3 of the present invention, the OPC areas 50 are provided in the lead-in zone
13. For example, the OPC areas 50 may further be provided in the lead-out zone 15. In this case, the
assignment ratio of the part of area for power calibration 51 and the part of area for strategy
calibration 52 may be varied between the OPC areas 50 provided in the lead-in zone 13 and the OPC
areas 50 provided in the lead-out zone 15. [0145]In Embodiment 3 of the present invention, each OPC



area 50 is divided into the part of area for power calibration 51 and the part of area for strategy
calibration 52. A part of the OPC area 50 may be assigned as an area for a different purpose (for
example, an area for checking the margin). (3) How to provide information on the OPC areas  [0146]In
Embodiment 3 of the present invention, as described in section (3) of Embodiments 1 and 2 of the
present invention, it is effective that a write once optical disc or the like has pointer information which
indicates how much of the areas has been used as management information.  [0147]FIG. 17 shows an
example of information regarding the power calibration areas and the strategy calibration areas in a
write once optical disc.In FIG. 17, the same 



area arrangement as shown in FIG. 15 will be described as an  example. [0148]In addition to an
identifier 710 and OFT position information 711, the DDS 701 includes end position information and
next usable position information on the part of areas for power calibration 51 and end position
information and next usable position information on the part of areas for strategy calibration 52 as
information relating to the recording calibration in each recording layer. Such information relating to the
recording calibration is provided by the number of the recording layers. Namely, the DDS 701 includes
LO power calibration end position information 1701, LO power calibration next available position
information 1702, LO strategy calibration end position information 1703 and LO strategy calibration
next available position information 1704 as information on the LO layer; Li power calibration end
position information 1705, Ll power calibration next available position information 1706, Li strategy
calibration end position information 1707 and Li strategy calibration next available position information
1708 as information on the Li layer; and L2 power calibration end position  information 1709, L2 power
calibration next available position information 1710, L2 strategy calibration end position information
1711 and L2 strategy calibration next available position information 1712 as information on the L2
layer. 



[0149]As described above, the assignment of the part of  area for power calibration 51 and the part of
area for strategy calibration 52 in each recording layer, and the assignment of the part of areas for
power calibration 51 among the recording layers, are determined with an arbitrary size before the CPC
areas 50 are used for the first time (for example, at the time of the initialize format). Therefore, the
power calibration end position information and the strategy calibration end position information of each
recording layer are established at this timing. At the time of assignment, the power calibration next
available position information and the strategy calibration next available position information each
indicate the start position of the assigned area. When the end position information and the next
available position information indicate the same  position, or when the interval between the end
position information and the next available position information (= remaining size) is less than the size
used by one cycle of calibration, it is determined that the area for calibration in that recording layer is
used up. [0150]The end position information and the next available position information are each
represented by, for example, a PBA, but may be represented by information such as the radial
position. [0151]In the above, the DDS 701 includes the end position 



information. Substantially the same effect is provided where the DDS 701 includes remaining size
information, which indicates a usable size of the assigned area, instead of the end position
information. [0152]In the case where the DOS 701 includes the end position information, such
information is not changed after the part of area for power calibration 51 and the part of area for
strategy calibration 52 are assigned. Alternatively, such information may be changed when the areas
are reassigned as described in Embodiments I and 2 of the present  invention.In the case where the
DDS 701 includes the remaining size information, the remaining size information is updated each time
the OPC area 50 is used, like the next available position information. [0153]As described in
Embodiments 1 and 2 of the present 



invention, in the case where next usable position information is provided, it is necessary to consider
the aligning errors or the influences of the characteristic of the laser light. Therefore, for example,
especially the next available position information on a power calibration area or the like, which is
influenced by the recording state of another recording layer, needs to indicate position information
obtained by adding the above-mentioned offset size to the position at which recording was actually
finished, or the power calibration area needs to be actually used from a position obtained by adding
the offset size to the position at which recording was finished. (4) Recording and reproduction
apparatus [0154]The recording and reproduction apparatusin   Embodiment 3 of the present invention
is the same as that described in section (4) of Embodiment 1 of the present invention with reference to
FIG. 9 and will not be described here. (5) Recording calibration method [0155]The procedure of the
recording calibration in 



Embodiment 3 of the present invention is the same as that described in section (5) of Embodiment 1 of
the present invention with reference to FIG. 10 except for steps 1002, 1004 and 1006. Here, only the
steps different from those in Embodiment 1 of the present invention will be described. [0156]Step
1002: A position used for the recording calibration is calculated.Specifically, the reproduction control
section 156 of the system control section 150 reads the latest DDS 701 included in the latest TDMS
from the TDMA of the optical disc 1 onto the memory 170. Based on the read data, the access position
management section 154 obtains the information on the position in each of the power calibration area
and the strategy calibration area which can be used the  next time, of a recording layer on which the
recording calibration is to be performed (for example, for LO layer, the LO power calibration next
available position information 1702 and LO strategy calibration next available position information
1704). Based on this information, the access position management section 154 determines the size of
area to be used for recording in the power calibration area and the strategy calibration area, and the
direction of using the power calibration area and the strategy calibration area of the recording layer on
which the recording calibration is to be performed. Then, the access position management section 154
calculates the start position of recording for power calibration to be performed next and the start
position of recording for strategy calibration to be performed next. The "latest" DOS 701 means the
DDS 701 included in the latest of the DMS's 700 included in the TDMA, in which the transitional
management information is updated. [0157]Step1004:The power calibration area next 



available position information is updated. Specifically, the power calibration section 152 updates the
power calibration  area next available position information, included in the data corresponding to the
DDS 701 read onto the memory 170, of the recording layer on which the recording for power
calibration was performed (for example, in the case of LO layer, the power calibration area next
available position information 1702). The update is made from the position at which the recording for
power calibration was performed in step 1003. [0158]Step 1006: The strategy calibration next available
position information is updated. Specifically, the strategy calibration section 153 updates the strategy
calibration next available position information, included in the data corresponding to the DOS 701 read
onto the memory 170, of the recording layer on which the recording for strategy calibration was
performed (for example, in the case of LO layer, the LO strategy calibration next available position
information 1704). The update is made frcm the position at which the recording for strategy calibration
was performed in step 1005. [0159]In Embodiment 3 of the present invention, an area 



in each recording layer used for power calibration does not overlap the areas used in the other
recording layers. It is not necessary that the areas used for power calibration are located at different
radial positions among all the recording layers. More specifically, as described in Embodiment 1 of the
present invention with reference to FIG. 11, the recording characteristic (transmittance or the like) of
one recording layer significantly influences the recording state of an adjacent recording layer.
Therefore, for example, it is acceptable that among at least adjacent recording layers, areas at
different radial positions are used for power calibration, but among non-adjacent recording layers,
overlapping areas (areas including the same radial position) are assigned for power calibration. This
arrangement does not significantly influence the power calibration results. Namely, even where the
areas used for power calibration of the adjacent recording layers (in other words, the recording layers
in which the directions of the track path are opposite to each other) do not overlap, but the strategy
calibration areas of such recording layers are located at the same radial  position, substantially the
same effect as described Embodiment 3 of the present invention can be provided.In addition, the
following control is usable: in the case where the number of recording layers is further increased to six
or eight, the number of recording layers in which the power calibration areas can be located at the
same radial position is limited to N (N is a positive integer of 0 or greater). [0160]In Embodiments 1, 2
and 3 of the present invention, the power calibration area (or the part of area for power calibration 51)
is described as an area used for power calibration and the strategy calibration area (or part of area for
strategy calibration 52) is described as an area 



used for strategy calibration.Furthermore, the areas used for power calibration are described as areas
which do not overlap among adjacent recording layers at the same radial position, and the areas for
strategy calibration are described as areas which include overlapping parts at the same radial position
among the adjacent recording layers. More strictly, "areas used for power calibration which do not
overlap among adjacent recording layers at the same radial  position" are areas in which recording (for
example, power calibration) can be performed at a free recording power (in a certain range) including
a recording power which cannot be guaranteed as a recording power suitable for the optical disc 1.
The "areas used for strategy calibration which include overlapping parts at the same radial position
among the adjacent recording layers" are areas in which recording is performed at a recording power
which can be guaranteed as a recording power suitable for the optical disc 1, namely, a recording
power which, when used for recording in an area, provides the area with a transmittance within a
prescribed range without destroying the transmittance balance. These areas may be separately
located in each recording layer. Namely, in the case where it is guaranteed that step-by-step recording
can be performed while changing the recording power within the range which can be guaranteed as
the recording power suitable for the optical disc 1 (within the range in which the post-recording
transmittance is within a prescribed range), power calibration may be performed in strategy calibration
areas (or parts of areas for strategy calibration  52) including areas overlapping at the same radial
position among adjacent recording layers. What may be performed in such areas is not limited to
power calibration and strategy calibration. The strategy calibration areas including the overlapping
parts may be used for performing, for example, margin checking. Margin checking is to check whether
the recording calibration result truly indicates the optimal condition by performing recording at a
calibration-calculated recording power or, for example, at a power increased or decreased therefrom
within a range which is guaranteed to be suitable to the optical disc 1 (at a power with which the
post-recording transmittance is within a prescribed range) and thus to do fine-tuning to find the optical
power. Using such a method, the number of times non-overlapping areas are used can be reduced. As
a result, the size of the non-overlapping area provided in each recording layer can be reduced.
Accordingly, the size of the area including the overlapping part can be increased. Thus, the number of
times the areas are used for recording calibration can be advantageously increased.  



described in detail. [0162]For example, it is assumed that the optical disc 1 as a recording target is
registered in the optical disc recording and reproduction apparatus 100 as a tuned optical disc 1. In
this case, the strategy calibration areas including overlapping parts at the same radial position among
adjacent recording layers can be used for power calibration and strategy calibration, assuming that the
recording can be guaranteed. Alternatively, in the case where the results of calibration performed in
the past on a target recording layer by the optical disc recording and reproduction apparatus 100
(calibration history) are left in a drive inherent information area (also referred to as a "drive area") or
the like of the optical disc 1, i.e., in the case where calibration is performed using the history
information, the strategy calibration areas may be used for power calibration and strategy calibration
as the recording calibration on the recording layer, assuming that the recording power for the recording
layer can be guaranteed. Alternatively, in the  case where the results of recording layer on all the
recording layers are left as a calibration history, the following method is effective From the calibration
history, the power ratio, the strategy change amount or the like between a reference recording layer
and another recording layer is found. Actual recording calibration (power calibration or strategy
calibration) is performed on the reference recording layer, whereas actual recording layer is not
performed on the another recording layer. The calibration value of the another recording layer is found
using the power ratio or the strategy change amount which was found based on the calibration result
on the reference recording layer on which actual calibration was performed and also based on the
calibration history. Using such a method, the consumed amount of the power calibration area or the
strategy calibration area used for recording calibration is suppressed.In this case, what is used is
history calibration.Therefore, the strategy calibration areas 



including the overlapping parts at the same radial position among adjacent recording layers are used
for actual recording  calibration.In addition, the following method is usable. As the reference recording
layer, the recording layer, for example, farthest from the disc surface (for example, LO layer in the
case of the optical disc 1 shown in FIG. 3A) is firstused. When the strategy calibration area in that
recording layer is used up, the recording layer next farthest from the disc surface (for example, Ll layer
in the case of the optical disc 1 shown in FIG. 3A) is used as the reference layer. Using this method,
the following effect is provided for the strategy calibration area on which recording is performed at a
power suitable for the optical disc 1. When recording is performed on a certain recording layer, even
the strategy calibration area in a recording layer closer to the laser light radiation side can be kept
unused (in the case of a write once optical disc, unrecorded). Therefore, it is absolutely unnecessary
to consider the influence of the transmittance. [0163]In Embodiments 1, 2 and 3 of the present
invention, the recording calibration area (OPC area) for recording 



calibration is divided into an area for power calibration and  an area for strategy calibration, which are
separately secured as different areas in each recording layer.This concept is not limited to recording
calibration areas,in more detail, the fundamental concept of the present invention is to provide a rough
calibration areas used for rough calibration by which conditions are narrowed down to conditions
suitable to recording to some extent by changing the recording power, like power calibration in
recording calibration, and a precise calibration area used for precise calibration (fine-tuning) by which
conditions are to narrowed down to an optimal condition, like strategy calibration area in recording
calibration.These areas are provided as 



separate areas in each recording layer.In addition, in Embodiments 1, 2 and 3 of the present invention,
because calibration of the recording power is the target, the rough calibration areas used for power
calibration are located at different radial positions in consideration of the recording state (transmittance
balance) of the other recording layers. Namely, the fundamental concept of providing a rough
calibration area and a precise calibration area as separate  areas in each recording layer is applicable
to various calibrations other than recording calibration. [0164]As described above, an apparatus (drive)
such as an optical disc recording and reproduction apparatus 100 can use the strategy calibration area
as an area for calibration as long as the above-described restricting conditions on the recording power
are fulfilled. However, the calibration performed in this area is not limited to strategy calibration. The
drive can perform any calibration in the strategy calibration area with no limitation on the use. The
strategy calibration areas, which are usable by the drive for any calibration, do not need to be
arranged so as not to be located at the same radial position unlike the power calibration areas.
[01651As described above, the power calibration in the 



power calibration areas can be performed at a free recording power (in a certain range). By contrast, in
the strategy calibration areas, a recording power within a prescribed range is used after the optimal
recording power is determined by the power calibration. This means that the range of the  recording
power used for the strategy calibration areas is smaller than the range of the recording power used for
the power calibration areas. In other words, the varying rate width of the recording power used for the
strategy calibration areas is restricted to be equal to or smaller than the varying rate width of the
recording power used for the power calibration areas. Herein, the "varying rate width of the recording
power" is defined as the ratio of the varying rate of the maximum recording power and/or the varying
rate of the minimum recording power with respect to the reference power or the optimal power as
100%. [0166]This will be described with specific examples. FIGS. 28(A) through 28(D) respectively
show the relationship between the varying rate width of the recording power used for the power
calibration area and that used for the strategy calibration area. [0167]In PIG. 28, the reference power
of the recording power used for the power calibration area is represented as "Pbp", and the reference
power of the recording power used for the strategy calibration area is represented as "Pbs". 



Herein, the "reference power" is the reference value of the recording power used for performing
recording on each individual optical disc. In general, the reference power can be calculated from
information on the recording power embedded in the control area or the like of the optical disc 1.
Alternatively, the reference power may be calculated from information on the recording power suitable
to each type of the optical disc 1 which is held in the optical disc recording and reproduction apparatus
100, or may be calculated based on the calibration history left in the drive inherent information area
(Drive Area) of the optical disc 1. [0168] The reference power, even for the same optical disc 1, may
have a different value in accordance with the recording speed used for recording or among the
recording layers.In general, as the recording speed increases, the recording power
increases.Therefore, the above-described information on the recording power may be occasionally
prepared for each recording speed or for each recording layer. The reference power Pbp used for the
power calibration area and the reference power Pbs used for the strategy calibration  area may be the
same as each other or different from each other. 



[0169]FIG. 28(A) shows an example of the varying width of the recording power used for the power
calibration area and that used for the strategy calibration area when the reference power used for
these areas is the same. [0170]Where the reference power Pbp is 100%, the range of the recording
power used for the power calibration area is up to +10% toward the upper limit and up to -15% toward
the lower limit, namely, is the range of 110% to 85% with respect to the reference power Pbp (this
range will be referred to as the "varying rate width"). By contrast, where the reference power Pbs is
100%, the range of the recording power used for the strategy calibration area is up to +8% toward the
upper limit and up to -15% toward the lower limit, namely, is the range of 108% to 85% with respect to
the reference power Pbs. When performing the recording calibration in the power calibration area and
the strategy calibration area, the drive can set a power in the respective varying rate ranges described
above.  and the range toward the lower limit is the same. However, the range toward the upper limit is
narrower for the strategy calibration area than for the power calibration area. Namely, the varying rate
width and the absolute value of the recording power used for the strategy calibration area are both
smaller than those of the recording power used for the power calibration area. [0172]FIG. 28(B) shows
another example of the varying 



width of the recording power used for the power calibration area and that used for the strategy
calibration area when the reference power used for these areas is the same. [0173]The range of the
recording power used for the power calibration area is 110% to 85% with respect to the reference
power Pbp like in FIG. 28(A). By contrast, where the reference power Pbs is 100%, the range of the
recording power used for the strategy calibration area is up to +8% toward the upper limit, and up to
-12% toward the lower limit, namely, is the range of 108% to 88% with respect to the reference power
Pbs. In this example, whereas reference power is the  same for the power calibration area and the
strategy calibration area, the range toward the upper limit and the range toward the lower limit are both
narrower for the strategy calibration area than for the power calibration area. Namely, the varying rate
width and the absolute value of the recording power used for the strategy calibration area are both
smaller than those of the recording power used for the power calibration area. [0174]FIG. 28(C) shows
still another example of the varying width of the recording power used for the power calibration area
and that used for the strategy calibration area when the reference power used for these areas is the
same. The range of the recording power used for the power calibration area is 110% to 85% with
respect to the reference power Pbp like in FIG. 28(A). By contrast, where the reference power Pbs is
100%, the range of the recording power used for the strategy calibration area is up to +5% toward the
upper limit and up to -18% toward the lower limit, namely, is the range of 105% to 82% with respect to
the reference power Pbs. In this example, whereas the range from the 



reference power to the upper limit power is larger for the power calibration area than for the strategy
calibration area, the range from the reference power to the lower limit power is smaller for the power
calibration area than for the strategy calibration area. [0175]However, the range from the upper limit
power to the lower limit power for the power calibration area, i.e., the varying rate difference between
the upper limit power and the lower limit power is 25% for the power calibration area (110% - 85% =
25%) and is 23% for the strategy calibration area (105% - 82% = 23%). Thus, the varying rate width is
smaller for the strategy calibration area than for the power calibration area. [0176]FIG. 28(D) shows an
example of the varying width of the recording power used for the power calibration area and that used
for the strategy calibration area when the reference power used for the power calibration area is
different from that used for the strategy calibration area. In this example, the reference power Pbs
used for the strategy calibration area is larger than the reference power  



Pbp used for the power calibration area. This corresponds to, for example, when the recording speed
of calibration (recording) performed in the strategy calibration area is higher than the recording speed
of calibration (recording) performed in the power calibration area. [0177]Where the reference power
Pbp is 100%, the range of the recording power used for the power calibration area is up to +10%
toward the upper limit and up to -15% toward the lower limit, namely, is the range of 110% to 85% with
respect to the reference power Pbp (this range will be referred to as the "varying rate width"). By
contrast, where the reference power Pbs is 100%, the range of the recording power used for the
strategy calibration area is up to +8% toward the upper limit and up to -12% toward the lower limit like
for the power calibration area, namely, is the range of 108% to 88% with respect to the reference
power Pbs. [0178]Unlike in FIGS. 28(A) through 28(C), the reference power Pbs is different from the
reference power Pbs (Pbp < Pbs).Therefore, in this example, the upper limit value of the recording
power used for the strategy calibration area is 



higher than the upper limit value of the recording power used for the power calibration area. However,
regarding the varying rate width of the recording power with respect to the reference power, the range
to the upper limit power and the range to the lower limit power are both narrower for the strategy
calibration area than for the power calibration area. Namely, the varying rate width of the recording
power used for the strategy calibration area is smaller than the varying rate width of the recording
power used for the power calibration area. [0179]Such relationships can be expressed by the following
expressions: Kpmax Ksmax, or Kpmin Ksmin and (Kpmax - Kpmin)(Ksmax - Ksmin) 



[01801In the above expressions, the reference power for the power calibration area is "Pbp", the
varying rate toward the upper limit (the ratio between the upper limit power and the reference power) is
"Kpmax", the varying rate toward thelower limit (the ratio between the lower limit power and the
reference power) is "Kpmin", the reference power for the strategy calibration area is 'Pbs", the varying
rate toward the upper limit is "Ksmax and the varying rate toward the lower limit is "Ksmin". [0181]In
this manner, suppressing the varying rate width 



of the recording power has an effect of securely obtaining the transmittance balance in the strategy
calibration areas located at the same radial position in all the recording layers and thus securely
obtaining the calibration precision. [0182] The examples in FIG. 28 are merely exemplary, and the
ranges to (values of) the upper limit and the lower limit are not ed to the above. In other words, it is
sufficient as long as the condition that the varying rate width of the recording power used for the
strategy calibration area is smaller than (alternatively, equal to or smaller than) the varying rate width
of the recording power used for the power calibration area is fulfilled. [0183]In relation with FIG. 28, the
following method, for example, is effective for the strategy calibration areas located at the same radial
position in all the recording  layers. Under the same conditions (e.g., the same recording speed or the
same recording layer), the absolute value of the recording power used for the strategy calibration area
is restricted to be smaller than (alternatively, equal to or smaller than) the absolute value of the
recording power used for the power calibration area. Namely, Pbs x Kpmax Pbs x Ksmax 



[0184]Restricting the magnitude of the recording power used for the strategy calibration area becomes
more effective as the number of stacked recording layers increases. As described above, in the
embodiments of the present invention, the strategy calibration areas are located at the same radial
position in all the recording layers. Therefore, as the calibration is performed on a recording layer
deeper from the laser light incidence surface, the calibration is more likely to be influenced by the
transmittance balance of the strategy calibration area of a shallower recording layer which is already
subjected to the calibration. By restricting the magnitude of the recording power used for the strategy
calibration area, the destruction of the transmittance  balance on a shallower recording layer can be
suppressed. This is more conspicuous as the number of recording layers increases. [0185]Normally,
as the number of recording layers increases, it should become disadvantageous to locate the
calibration areas at the same radial position. Nonetheless, according to the present invention, the
strategy calibration areas are located at the same radial position. This is realized by restricting the
magnitude of the recording power, which is not conventionally considered. [0186]In Embodiments 1, 2
and 3 of the present invention, 



the optical disc 1 includes three recording layers, for example. The number of the recording layers
does not need to be three. Substantially the same effect can be provided where the optical disc 1
includes six or eight recording layers, needless to say. [0187]In Embodiments 1, 2 and 3, a write once
information recording medium is used as an example.Substantially the same effect can be provided for
a rewritable information recording medium.  the power calibration areas have the same size among the
recording layers, and the strategy calibration areas have the same size among the recording layers. In
Embodiment 3 of the present invention, the OPC areas 50 have the same size among the recording
layers.Alternatively, these areas may have 



different sizes among the recording layers.Specifically, for example, the size of the power calibration
area or the strategy calibration area may be varied in accordance with the size of the management
information area (not shown) included in the lead-in zone 13 or the lead-out zone 15 of each recording
layer. Alternatively, the size of the power calibration area or the strategy calibration area may be varied
in accordance with the size of a spare area (not shown) provided in the data zone 14 as an alternative
area or the like for the defect block of the like. [01891In Embodiments 1, 2 and 3 of the present
invention, the recording calibration is performed at the same timing for all the recording layers. It is not
necessary to perform the recording calibration at the sameng.The recording  



calibration on the target recording layer only needs to be done before usual recording is performed on
the target recording layer at the latest. It is not necessary to actually perform the recording calibration
on all the recording layers. For example, it is acceptable that the recording calibration is performed on
at least one recording layer and the optimal parameters for the other recording layers are found by
calculation based on the results obtained for the at least one recording layer. Even in this case, it is
regarded that actual calibration is performed on the other recording layers. As one recording layer, for
example, a recording layer having the largest remaining size in the area for recording calibration
(power calibration area, strategy calibration area, OPC area) may be selected, or a recording layer
having the largest size of the area for recording calibration may be selected. [01901This will be
described in detail including the effect. In Embodiments 1, 2 and 3 of the present invention, for
example, when the optical disc 1 including a plurality of recording layers is mounted and then a
recording request from  the host to the user data zone 14 is accepted for the first time, the recording
calibration is performed at the same timing on all the recording layers. This method has a
disadvantage that the recording calibration at that timing is significantly time-consuming. However, this
method also has the following advantages.         After the recording calibration is performed once,
even when, for example, the recording layer is replaced with another recording layer in the middle of
continuous recording, it is not necessary to perform recording calibration. Therefore, the recording
processing performance of the drive system can be kept constant.        For all the recording layers, a
uniform recording speed, for example, the highest speed at which the recording calibration was
successful for all the recording layers, can be used. Therefore, it is not necessary to manage the
recording speed which is different for each recording layer. This can simplify the drive control
processing. 



[0191]This method is effective to, for example, a system which allows a certain period of time to be
used before the   start of calibration but cannot permit a delay in the recording processing during the
continuous recording, which may cause a loss of recording data or the like, for example, a recorder
system which has a timer recording function and cannot permit a loss of an image during the
recording.  [0192]As described above, the following method is also conceivable. For example, when
the optical disc 1 including a plurality of recording layers is mounted and then a recording request from
the host to the user data zone 14 is accepted for the first time, the recording calibration is performed
only on the recording layer indicated by the request.This method has a disadvantage that during 



continuous recording, it is necessary to perform recording calibration when, for example, the recording
layer is replaced with an other recording layer and so the recording processing performance may be
occasionally varied. However, this method also has the following advantages.        The time for the
recording calibration when the first recording request is accepted can be shortened (the maximum
response time for the recording request can be shortened).          Recording calibration is not
performed on a recording layer on which recording is not to be performed. Therefore, recording
calibration is not performed when unnecessary, for example, when the optical disc 1 is discharged
after user data is recorded only on the recording layer LO. Therefore, the use efficiency of the
recording calibration areas can be maximized. [0193]This method is effective to, for example, a PC
drive system in which a time-out is provided for the recording request from the host and so the
response needs to be made within a prescribed time. [01947When the latter method is adopted, it is
necessary 



to record management information updated by the recording of user data, in addition to performing
recording calibration on a recording layer, the recording request on which is accepted. Therefore, the
recording calibration on a recording layer including a management information area in which
management information is to be recorded the next time (e.g., DMA, or TDMA in the case of a write
once optical disc) may be performed at the same time.  present invention, as information for identifying
the usable position (i.e., for distinguishing a used position or an unused position), information
regarding the next usable position is provided. Other than this method, for example, a method of
managing the used area and the unused area by a bitmap provides substantially the same effect.
[0196]As described in Embodiments 1, 2 and 3 of the present invention, in order to realize a method of
reassigning a part of the strategy calibration area as a power calibration area when the power
calibration area is used up, information on the final usable position (end position) of each area, the
remaining size, using direction or the like may be further provided. Considering that after the power
calibration area is used, a reserved area located at the same radial position in another recording layer
is also used, it is effective to consider that one recording layer includes a plurality of power calibration
areas and strategy calibration areas, and to keep a list of the start position and the size of such a
plurality of power calibration areas and such a  plurality of strategy calibration areas, in addition to the
next usable position information. 



[01971In Embodiments 1, 2 and 3 of the present invention, the power calibration areas are used for
the opposite direction to the track path, and the strategy calibration areas are used in the same
direction among all the recording layers. This is merely an example. [0198]For example, a track may
be destroyed by performing  recording in a power calibration area at an excessive power. A method of
calibration considering such destruction of the track may be applied to the strategy calibration area as
an idea common to the recording calibration processing. In this case, the power calibration area and
the strategy calibration area of the same recording layer are used for recording in the same direction.
For example, in the LO layer, both the power calibration area and the strategy calibration area may be
used from the outer side toward the inner side, namely, in the opposite direction to the track path.
[0199]Alternatively, it is possible to simply use the power calibration area in the opposite direction from
the  



track path but to use the strategy calibration area, in which the recording is performed at a recording
power generally suitable to the optical disc 1, in the same direction as the track path. This method
works even when an area in the power calibration area is destroyed. Even if recording results in a
failure due to a medium defect or the like during the strategy calibration, re-try processing can be
performed in continuation from the previous recording.In this manner, access performance can be
improved.In the case where the recording fails in the middle of calibration where the area is used in
the opposite direction to the track path, a recorded area and an unrecorded area are both left in the
calibration area. This causes a problem that it is difficult to search for a border between the recorded
area and the unrecorded area when an abnormality occurs. This problem can be solved where the
area is used in the same direction as the track path. [0200]In the above, a possible destruction of the
power calibration area is mentioned. Some of the medium can never be put into a state where a PEA
embedded as wobbles or the 



like cannot be obtained even when recording is performed at a high power to some extent. Therefore,
the direction of use may not be limited for the power calibration areas either, and both the power
calibration area and the strategy calibration area may be simply used in the same direction as the
track path. Thus, the access performance can be improved both during power calibration and strategy
calibration.  [0201]For a rewritable information recording medium, overwriting and random access are
possible. Therefore, it is not necessary to restrict the manner of usage, unlike the write once
information recording medium.Substantially the same manner of usage as described above is also
applicable to the rewritable information recording medium.In that case, 



substantially the same effect can be provided as for the write once information recording medium.
[0202]In Embodiments 1, 2 and 3 of the present invention, the areas for power calibration and the
areas for strategy calibration do not overlap. For example, power calibration may be performed with
light passing through the area which was used for strategy calibration. Specifically, in the case  where
power calibration is to be performed on LO layer and the area of the Ll layer at the same radial
position has already been used by strategy calibration performed at a certain recording layer, the area
of the LO layer may be used for power calibration because the influence of the transmittance is low.
[0203]In Embodiments 1, 2 and 3 of the present invention, a tracking method called "opposite path" is
used for the optical disc 1. Substantially the same effect can be provided even by, for example,
"parallel path" by which the physical addresses are assigned from the inner side toward the outer side
in an ascending order (or in a descending order) in all the recording layers. 



(EMBODIMENT 4) (1) Area arrangement [0204]FIG. 21 shows an area arrangement of a write once
optical disc including three recording layers according to Embodiment 4 of the present invention.
[0205]The lead-in zone 13 of the optical disc 1 includes,  for recording calibration performed on each
recording layer, recording calibration areas A (a recording calibration area A 60 in the LO layer, a
recording calibration area A 61 in the Li layer and a recording calibration area A 62 in the L2 layer) and
recording calibration areas B (a recording calibration area B 70 in the LO layer, a recording calibration
area B 71 in the Ll layer, and a recording calibration area B 72 in the L2 layer). The recording
calibration areas A and the recording calibration areas B are of different types from each other. The
recording calibration areas A (the recording calibration area A 60 in the LO layer, the recording
calibration area A 61 in the Li layer, and the recording calibration area A 62 in the L2 layer) are located
so as to include overlapping parts at the same radial position. The recording calibration areas B (the
recording calibration area B 70 in the LO layer, the recording calibration area B 71 in the Li layer, and
the recording calibration area B 72 in the L2 layer) are also located so as to include overlapping parts
at the same radial position. Herein, the "same radial position" may not be the 



same radial position in a precise sense. Namely, the "same radial position" has the meaning described
in Embodiment 1, and radial positions which are deviated due to aligning errors of the recording layers,
influences of characteristics of laser light and the like are regarded as the "same radial positions".
[0206]The recording calibration areas A are, like the power calibration area or the like described in
Embodiment 1, areas where recording calibration may be performed at an arbitrary recording power
with no a ion (hereinafter, such recording calibration will occasionally be referred to as the "recording
calibration A"). For example, power calibration by which recording is conducted while changing the
recording power step by step (step-by-step recording) may be performed. [0207]The recording
calibration areas A are located so as to include overlapping parts at the same radial position in the
recording layers, and recording is permitted to be performed at an arbitrary power. Therefore, in the
case where, for example, laser light used for performing recording  



calibration in the recording calibration area A of one recording layer is transmitted through the
corresponding area of another recording layer on which power calibration with step-by-step recording
has already been performed, the transmittance is possibly varied to cause an obstacle to provide
proper calibration results. In order to avoid this, the recording calibration areas A are restricted to be
used sequentially from the recording layer farthest from the side on which laser light is incident.
Namely, in the case of, for example, the optical disc 1 shown in FIG. 21, the recording layer on the
laser light incidence side is the L2 layer, and the recording layer located farthest therefrom is the LO
layer. Therefore, the recording calibration areas A are sequentially used from the recording calibration
area A 60 in the LO layer. When the recording calibration area A 60 in the LO layer is used up, the
recording calibration area A 61 in the Ll layer and then the recording calibration area A 62 in the L2
layer are used sequentially. By using the areas in this manner, the recording calibration layer(s) A in
the recording layer(s) on the laser incidence side with respect 



to the recording calibration area A to be now used is(are) always in an unused (unrecorded) state.
Thus, the influence of the transmittance variance or the like on the recording calibration results can be
prevented. [0208]The recording calibration areas B are, like the strategy calibration area or the like
described in Embodiment     areas where recording is performed at a recording power guaranteed to
be generally suitable to the optical disc 1, namely, at a recording power which, when used for
performing recording in an area, provides the area with a transmittance within a prescribed range to
such a degree that does not spoil the transmittance balance (hereinafter, such recording will
occasionally be referred to as the "recording calibration B"). For example, for adjusting the pulse width,
strategy calibration by which recording is conducted while changing the pulse width and fixing the
recording power to the recording power which is obtained by the power calibration and is generally
suitable to the optical disc 1 may be performed. [0209]The recording calibration areas B are also
located  



so as to include overlapping parts at the same radial position in the recording layers, and recording is
performed at a recording power generally suitable to the optical disc 1, for example, the recording
power obtained by the power calibration. Therefore, even if recording is performed with laser light
which was passed through a recording calibration area B of another recording layer on which
recording was already performed, it is considered that the current recording calibration area B is not
substantially influenced by the transmittance provided by the recording state of the another recording
layer (the influence can be suppressed to a negligible level). For this reason, unlike the recording
calibration areas A, there is no restriction on the order of use. Namely, regardless of the state of the
recording calibration area(s) B in the other recording layer(s), the recording calibration area B in an
arbitrary recording layer can be used at an arbitrary timing. [0210]FIG. 21 shows an example in which
all the recording calibration areas A include overlapping parts at the same radial position (are located
at the same radial position)   It is not absolutely necessary that the recording calibration areas A in all
the recording layers have overlapping parts at the same radial position. The area arrangement shown
in FIG. 21 is the most efficient arrangement of the areas for recording calibration in the lead-in zone 13
(or in the lead-out zone 15). However, as shown, for example, in FIG. 22, only the recording calibration
area A 60 in the LO layer may be located at a different radial position from the other recording
calibration areas A in the other recording layers. Although the ratio of the area for recording calibration
occupying the lead-in zone 13 (or the lead-out zone 15) is slightly larger than in the example shown in
FIG. 21, substantially the same effects as those of the example shown in FIG. 21 can be provided as
long as the order of use is restricted in the same manner. Like the recording calibration areas A, even
if all the recording calibration areas B do not include overlapping parts at the same radial position,
substantially the same effects can be provided. (2) How to use the areas  



[0211]How to use the recording calibrations A and the recording calibration areas B will be described
in more detail with reference to FIG. 21. In FIG. 21, the arrows represent the directions in which the
recording calibration areas A and the recording calibration areas B are used (recorded). [0212]In one
recording layer, recording is performed in a write once manner both in the recording calibration area A
and recording calibration area B (for example, the recording calibration area A 60 and the recording
calibration area B 70 in the LO layer). Namely, the recording calibration area A and the recording
calibration area B are used in a respective prescribed direction (for example, the recording calibration
area A and the recording calibration area B are both used in the opposite direction to the track path; in
the case of FIG. 21, the recording calibration area A 60 and recording calibration area B 70 in the LO
layer are used from the outer side toward the inner side). As described in (2) How to use the areas in
Embodiment 1 of the present invention, the areas are used in this manner in consideration of the
following: at  the stage of performing power calibration with step-by-step recording at an arbitrary
power, the power adjustment has not been done; and so it is not guaranteed that the recording is
performed at an appropriate power, and it may be possible that the recording is performed at a very
high power and as a result, the track 11 is destroyed. [0213]As described above, the recording
calibration areas 



A are restricted to be used sequentially from the recording layer farthest from the laser incidence side
(from the deepest recording layer). In the case of, for example, the optical disc shown in FIG. 21, the
recording calibration areas A are sequentially used from the recording calibration area A 60 in the LO
layer farthest from the laser light incidence side (from the deepest recording layer). When the
recording calibration area A 60 is used up, the recording calibration area A 61 in the Ll layer and the
recording calibration area A 62 in the L2 layer are used sequentially. [0214] The direction of use of the
recording calibration areas A and the recording calibration areas B in each recording layer shown in
FIG. 21 is merely an example, and  the present invention is not limited to this.FIG. 21 shows an
example in which the recording calibration area A and the recording calibration area B included in the
same recording layer are used in the same direction, i.e., in the opposite direction to the track path.
Alternatively, the direction of use may be as follows: the recording calibration area A, in which
recording is not guaranteed to be performed at an appropriate recording power, is used in the opposite
direction to the track path; whereas the recording calibration area B, in which recording is guaranteed
to be performed at a recording power generally suitable to the optical disc 1, is used in the same
direction as the track path. Regarding the recording calibration area A, this works even when the area
is destroyed during the power calibration. Regarding the recording calibration area B, even if recording
results in a failure in the middle of the strategy calibration due to a medium defect or the like, re-try
processing can be performed in continuation from the previous recording, for example. In this manner,
an effect of improving access performance is provided. In the case where  the recording fails in the
middle of the calibration where the recording calibration area B is used in the opposite direction to the
track path, a recorded area and an unrecorded area are both left in the calibration area. This causes a
problem that it is difficult to search for a border between the recorded area and the unrecorded area
when an abnormality occurs. This problem can also be solved where the area is used in the same
direction as the track path. In addition, in a medium in which the possibility that address acquirement
results in a failure due to area destruction is very low, all the recording calibration areas A may be
used in the same direction as the track path. In consideration of the re-assignment of the areas
described in Embodiment 1 and the like of the present invention, all the recording calibration areas B
in all the recording layers may be used in the same direction (for example, from the inner side toward
the outer side). [0215]Now, an example of using the recording calibration 



areas A in a restricted manner, i.e., from the recording layer farthest from the laser light incidence side
will be  described with reference to FIG. 23. [0216]FIG. 23(A) shows the state of the optical disc 1 of
the write once type on which recording calibration is to be performed now. It is assumed that among
the recording calibration areas A which are restricted regarding the order of use, the recording
calibration area A 60 in the LO layer is being used, an R block (cluster) represents the remaining, i.e.,
usable size of the recording calibration area A 60 in the LO layer, and an L block (cluster) represents
the size usually used for calibration performed in the recording calibration area A (for example, power
calibration). Herein, the "size usually used for calibration" means the minimum size (number of blocks)
used for the calibration, which does not include a part used for processing performed when
abnormality occurs, such as re-try processing. [0217]In the case where the size usually used for the 



recording calibration (the size of the L block) is less (smaller) than, or equal to (the same as), the
remaining size (the size of the R block) of the recording calibration area A which is being used (in the
case of FIG. 23(A), the recording  calibration area A 60 in the LO layer), the recording calibration can
be performed in the recording calibration area A of the target layer (in the case of FIG. 23(A), the
recording calibration area A 60 in the LO layer) from the position indicated as the next available start
position.  [02181By contrast, as actually shown in FIG. 23(A), in the case where the size usually used
for the recording calibration (the size of the L block) is greater (larger) than the remaining size (the size
of the R block) of the recording calibration area A which is being used (in the case of FIG. 23(A), the
recording calibration area A 60 in the LO layer), the recording calibration cannot be completed merely
with the recording calibration area A of the target layer (in the case of FIG. 23(A), the recording
calibration area A 60 in the LO layer). In such a case, it is conceivable to first perform
therecordingcalibrationintherecording calibration area A of the target layer (in the case of FIG. 23(A),
the recording calibration area A 60 in the LO layer) using the usable size and then compensate for the
shortage with the recording calibration area A of the next 



available recording layer (in the case of FIG. 23(A), the recording calibration area A 61 in the Li layer).
However, when the recording layer is replaced with another recording layer in the middle of the same
cycle of recording calibration (e.g., power calibration), the difference in the recording characteristics
between the recording layers causes a variance in the calibration results and brings complicated and
difficult issues regarding the calibration time, the method of determination on the calibration results
and the like. In order to avoid this, the following method shown in FIG. 23(B) is effective: the empty
area (the size of the R block) represented by the next available start position in the recording
calibration area A of the recording layer which is being used (in the case of FIG. 23(3), the recording
calibration area A 60 in the LO layer) is treated as an unusable area; and the entire calibration
corresponding to the necessary size (the size of the L block) is performed in the recording calibration
area A of the next available recording layer (in the case of FIG. 23(3), the recording calibration area A
61 in the Ll layer).  [0219]In this case, the area left without being unused may be left in an unused
(unrecorded) state or put into a recorded state by recording arbitrary meaningless power data therein.
[0220]It can also occur that the size (number of sectors, or number of blocks) actually used for the
recording calibration becomes larger than the size (the size of the L block) which was recognized as
being necessary before the calibration. For example, re-try may be performed after the recording fails
in the middle of the processing of power calibration. In such a case, an area larger than the L block
may be possibly used by one cycle of calibration. In order to avoid this, a size (number of sectors, or
number of blocks) with a margin, not the minimum possible size, may be set as the size necessary for
the calibration (the size of the L block). Alternatively, the minimum possible size may be set as the size
necessary for the calibration (the size of the L block); and in the case where the calibration cannot be
completed merely with the recording calibration area A of the target layer as a result of performing
re-try, the recording 



the recording calibration area A of the next available recording layer. (3) How to provide information on
the OPC areas  [0221]FIG. 24 shows an example of information regarding the recording calibration
areas A and the recording calibration areas B in a write once optical disc. Here, the area arrangement
of the optical disc 1 shown in FIG. 21  be described as an example. 



FIG. 24 is provided to show  information on the recording calibra on like in Embodiment 1, (3) of the
present invention. Therefore, the TOMS 700, which is information recorded at recordable timings, i.e.,
at transitional timings before the finalization, will be described as an example. [0222]In the TDMA, a
TDMS 700 is recorded including disc management information such as a DEL 702 which is information
on defect positions or alternative recording and also a DDS 701 including the position information on
the DEL 702, the position information on the areas of the optical disc and the  like. 



[0223]The DDS 701 includes an identifier 710 indicating that this information is a DDS, DEL position
information 711 indicating the position at which the DEL 702 is recorded, recording calibration area A
next available position information 800 (hereinafter, referred to as the "NAPA 800") which is one piece
of position information representing the next available position (pointer information) provided for all the
recording layers each having the recording calibration area A, LO recording calibration area B next
available position information 801 (hereinafter, referred to as the "LO-NAPB 801") for the LO layer
recording calibration area B 70, Li recording calibration area B next available position information 802
(hereinafter, referred to as the "Li-NAPB 802") for the Ll layer recording calibration area B 71, and L2
recording calibration area B next available position information 803 (hereinafter, referred to as the
"L2-NAPB 803") for the L2 layer recording calibration area B 72. The LO-NAPB 801, the L1-NAPB 802
and the L2-NAPB 803 each represent the next available position in the recording  calibration area B in
the corresponding recording layer (pointer information). Unlike the information for the recording
calibration areas B, there is only one piece of information for the recording calibration areas A of all the
recording layers each having the recording calibration area A. The reason for this is that the recording
calibration areas A are restricted to be used sequentially from the recording layer farthest from the
laser light incidence side, and thus it is not necessary that each recording layer holds this information
as the start position information. [0224]The information included in the TDMS (DMS) is not limited to
the DEL 702 which is the disc management information and the DDS 701 including the information on
the position thereof. Specifically, for example, the information included in the TONS (DNS) may
include SRRI, which represents the location, or the state of use, of a track (SRR) in the data zone 14
on the optical disc 1, and SBM, which represents the recorded/unrecorded state which is used for
random recording, as the disc management information in addition to the DEL 702.  



recorded continuously, for the following reason. In the case where, for example, the DEL 702 is
already recorded in the TDMA and does not need to be updated but only the data in the DDS 701
needs to be updated, there may be the case where only the DDS 701 is recorded as DEL position
information 711 which represents the position of the DEL 702 already recorded.  [0226]FIG. 25
illustrates the next available position information described with reference to FIG. 24. [0227]In FIG. 25,
the only one NAPA 800 for all the recording layers each having the recording calibration area A points
to a position in the middle of the recording calibration area A 61 in the Ll layer. This indicates the
following: the recording calibration area A 60 in the LO layer is all used up (no area of a usable size is
left); regarding the recording calibration area A 61 in the Ll layer which is used from the inner side
toward the outer side, a part from the inner border of the recording calibration area A 61 to the position
pointed to by the NAPA 800 has been used; and for performing next calibration using the recording
calibration area A, a part outer to the position pointed to by the NAPA 800 is usable. 



[0228]The recording calibration area B is not restricted regarding the order of use or the like.FIG. 25
indicates the following: regarding the recording calibration area B 70 in the LO layer and the recording
calibration area B 72 in the L2 layer which are used from the outer side toward the inner side, a part
from the outer border of the recording calibration area B 70 to the position pointed to by the LO-NAPE
801 and a part from the outer border of the recording calibration area B 72 to the position pointed to by
the L2- NAPS 803 have been used; and regarding the recording calibration area B 71 in the Li layer
which is used from the inner side toward the outer side, a part from the inner border of the recording
calibration area B 71 to the position pointed to by the Li-NAPB 802 has been used. [0229]Regarding
the recording calibration areas B, as the number of recording layers included in the optical disc 1
increases or decreases, the number of pieces of information required increases or decreases
accordingly.Regarding the 



recording calibration areas A, even if the number of recording layers increases or decreases, the
number of pieces of information required remains one.
[0230]Theabove-describednextavailableposition information is represented by, for example, PBA,
which is position information on the optical disc 1. (4) Recording and reproduction apparatus
[0231]FIG. 26 shows a structure of an optical disc recording and reproduction apparatus 100
according to Embodiment 4 of the present invention, for performing recording to, or reproduction from,
the optical disc 1. 



[0232]The optical disc recording and reproduction apparatus 100 according to Embodiment 4 of the
present invention is the same as that described in Embodiment 1, (4) of the present invention with
reference to FIG. 9, except for a recording calibration section A 157 and a recording calibration section
B 158 included in the recording calibration section 151.Identical elements as those in FIG. 9 will not be
described again.  [0233]The recording calibration section A 157 is a block for controlling recording
calibration performed in the recording calibration areas A (recording calibration A), and controls
recording calibration performed at an arbitrary recording power, such as power calibration with
step-by-step recording. 



[0234]The recording calibration section B 158 is a block for controlling recording calibration performed
in the recording calibration areas B (recording calibration B), and controls recording calibration
performed at a power in the range which is guaranteed to be suitable to the optical disc 1. Such
recording calibration is, for example, strategy calibration of adjusting the pulse width, or margin
checking for performing recording at a power increased or decreased within a range which is
guaranteed to be generally suitable to the optical disc 1 (at a power with which the post-recording
transmittance is within a prescribed range) and thus doing fine-tuning to find an optimal power. (5)
Recording calibration method  [0235]A recording calibration method on the optical disc 1 according to
Embodiment 4 of the present invention will be described. [0236]The recording calibration areas A in
which 



recording may be performed at an arbitrary recording power are used sequentially from the recording
layer farthest from the laser light incidence side, and power calibration with step-by-step recording of
changing the power step by step may be performed therein. The recording calibration areas A are
located so as to include overlapping parts at the same radial position, and are used sequentially from
the recording layer farthest from the laser light incidence side. Therefore, even if recording is
performed on a recording layer at an excessively high power, this does not influence the recording
calibration results in the other recording layers. The reason is that it can be guaranteed that there is no
recording layer with a recording calibration area A farther (deeper) than the recording layer in which
such recording at an excessively high power is performed or that the recording calibration area(s) in
such farther (deeper) recording  layer(s) have been already used. [0237]However, for example, power
calibration in the recording calibration area A cannot be performed on all the recording layers at the
same timing, but can be performed on only one recording layer. Therefore, the recording power
suitable for the recording layers of the optical disc 1, other than the recording layer in which the power
calibration has been performed, cannot be obtained by the power calibration. [0238]One solution to
this problem is to use the results of the recording calibration (power calibration) in one recording layer
and a recommended recording power prerecorded in the control area (also referred to as the "physical
management information area"; not shown) in the lead-in zone or the lead-out zone at the time of disc
production. 



[0239]The optical disc 1 includes an area called the control area (in the case of a BD, a PIC
(Permanent Information & Control data) area) in which various parameters on the optical disc 1 are
embedded at the time of the  production thereof.In this area, information on the recommended
recording power, the recommended strategy or the Like suitable for each recording layer or each
recording speed is embedded. Therefore, if the recording is performed at the recommended recording
power or the recommended strategy embedded in the control area, there should be no need to
perform recording calibration. However, the recording power or the recording pulse width suitable for
actual recording does not necessarily match the recording power or the like embedded in the control
area because of the temperature or humidity at the time of actually performing recording on the optical
disc 1, the individual variation of the optical head 120 in the optical disc recording and reproduction
apparatus 100 used for directing the optical laser, dust or stain attached to the optical head 120 or the
optical disc 1, and the like. For this reason, recording calibration such as power calibration or strategy
calibration is performed before the optical disc is actually used by the optical disc recording and
reproduction apparatus 100. However, as described above, the object of the recording 



calibration is to make the recording power or the recording pulse width suitable to the various
environmental parameters in which the recording is performed, and it is considered that the recording
characteristic of each recording layer is not substantially changed as a result of the recording
calibration. Namely, power calibration is actually performed on one recording layer of the optical disc
1. A difference (change ratio) between the recording power found by the power calibration and the
recommended recording power embedded in the control area of the optical disc 1 is found. The
change ratio and the recommended recording power for another recording layer for which power
calibration could not be performed are used (for example, multiplied) to obtain, by calculation, the
recording power suitable for the another recording layer for which power calibration could not be
performed. In this manner, a recording power generally suitable to the another recording layer can be
obtained which is substantially equal to the recording power which would be obtained by actual power
calibration performed on the another recording layer. By using the recording power thus obtained,  the
strategy calibration, margin checking for fine-tuning the power or like is performed in the recording
calibration areas B of the recording layers for which there is a limitation on the recording power but
there is no restriction on the order of use. In this manner, the recording parameter such as the
recording power or the recording pulse width (recording strategy) suitable to the recording layers other
than the recording layer on which the power calibration has been actually performed in the recording
calibration area A can be confirmed. [0240]The above-described method will be described with
reference to the flowchart shown in FIG. 27. [0241]Step 2701: Information necessary for the recording 



calibration is obtained.Specifically, the reproduction control section 156 of the system control section
150 reads the latest DDS 701 included in the latest DMS 700 from the TDMA of the optical disc 1 onto
the memory 170 and also reads physical management information (information such as SIC or the
like) from the control area onto the memory 170. In the case where the results of the calibration
performed in the  past by the optical disc recording and reproduction apparatus 100 (calibration
history) are left in a drive inherent information area (also referred to as a "drive area") or the like of the
optical disc 1 which is the recording calibration target, this information is also read. Based on the latest
DDS 701 read, the access position management section 154 obtains the NAPA 800, which is
information on the next available position in the recording calibration area A, and information on the
next available position in the recording calibration area B of each recording layer (LO-NAPB 801,
LlNAPB 802, L2-NAPB 803). Based on the physical management information, the recording calibration
section 151 obtains the recording parameters suitable to the conditions of the recording calibration to
be performed (for example, information such as the recommended recording power corresponding to
the recording speed of the recording calibration to be performed on the recording layer which includes
the position pointed to by the NAPA 800). The "latest" DDS 701 means the DOS 701 included in the
latest of the DMS's 700 included in the TDMA, in which the transitional  management information is
updated. [0242]Step 2702: Recording calibration A (for example, 



power calibration) is performed in the recording calibration area A. Specifically, the access position
management section 154 confirms the start position of the power calibration based on the position
pointed to by the NAPA 800 in the recording calibration area A of a recording layer Ln (n is the layer
number and a positive number of 0 or greater) (for example, in the case of FIG. 25, the NAPA 800
points to a position in the recording layer Li, and so n is 1 and the recording calibration area A is the
recording calibration area A 61 in the recording layer L1). The recording calibration section A 157
determines the laser radiation power suitable to the target recording layer, the recording speed and the
like (for example, a plurality of patterns of laser power for performing step-by-step recording) and sets
the laser radiation power in the laser control section 130. The recording calibration section A 157 also
sets a prescribed strategy (for example, the strategy described in the control area) in the recording
compensation circuit 140.  Furthermore, the recording calibration section A 157 moves the optical
head 120 using the mechanical control section 160 to the start position of the power calibration
calculated by the access control section 154, and performs the recording. Based on the recording
quality of the recorded area (for example, the modulation degree or BER), the recording calibration
section A 157 finds an optimal recording power (for example, a power, among the plurality of patterns
of laser power, at which the modulation degree is closest to the expected value). Then, the recording
calibration section A 157 updates the recording calibration area A next available position __formation
(NAPA) 800, among the data corresponding to the DDS 701 in the memory 170, by the part used for
the power calibration. [0243]As described above in Embodiment 4, (2) of the present invention with
reference to FIG. 23, the power calibration is not necessarily performed in the recording calibration
area A of the recording layer pointed to by the NAPA 800 depending on the usable size of the
recording calibration area A of the recording layer pointed to by the  NAPA 800. 



[0244]If the recording for power calibration results in a failure, the access position may by found again
by the access position management section 154 based on the position at which the failed recording
was performed, and step 2702 may be performed again as a retry. [0245]Step 2703: The power
change ratio is calculated. Specifically, the recording calibration section 151 stores, in the memory
170, a power change ratio 2700 obtained from the recommended recording power (referred to as Pwi)
for the recording layer Ln, which is read from the control area into the memory 170, and the optimal
recording power (referred to as Pwo) found in step 2702 (the power change ratio 2700 is, for example,
Pwo/Pwi). In the case where the power change ratio 2700 is not within a prescribed range (for
example, in the range of 95% to 100%), the found power may be determined not to be suitable to the
optical disc 1 and the processing may be re-executed from step 2702 as a re-try. [0246]The power
change ratio 2700 does not need to be a value obtained by dividing Pwo by Pwi, and may be any
value  



which represents the power change ratio. [0247]Step 2704: Recording calibration B is performed in the
recording calibration area B in the recording layer Ln on which calibration was performed using the
recording calibration area A (the recording calibration B is strategy calibration, margin checking, etc.;
hereinafter, it is assumed that strategy calibration is performed as the recording calibration B).
Specifically, the access position management section 154 confirms the start position of the strategy
calibration based on the position pointed to by the Ln-NAPB, which is the next available position
information on the recording calibration area B in the recording layer Ln on which the calibration was
performed in step 2702 using the recording calibration area A (for example, in the case where the
NAPA 800 is as shown in FIG. 25, the Ln-NAPB is Ll-NAPB 802, which is the next available position
information on the recording calibration area B 71 in the recording layer Ll on which the recording
calibration A (power calibration) was performed). The recording calibration section B 158 sets the
optimal recording power, found by the power calibration in  step 2702, in the laser control section
130.The recording calibration section B 158 also sets a strategy (for example, a plurality of patterns of
strategy) in the recording compensation circuit 140. Furthermore, the recording calibration section B
158 moves the optical head 120 using the mechanical control section 160 to the start position of the
strategy calibration calculated by the access control section 154, and performs the recording. Based
on the recording quality of the recorded area (for example, the modulation degree or BER), the
recording calibration section B 158 finds an optimal recording strategy (for example, a strategy, among
the plurality of patterns of strategy conditions, at which the phase error is smallest). Then, the
recording calibration section B 158 updates the Ln recording calibration area B next available position
information (in the case where n is 1 (in the case of the recording layer Li), Li-NAPB 802), among the
data corresponding to the DDS 701 in the memory 170, by the part used for the strategy calibration.
[0248] If the recording for strategy calibration results in a failure, the access position may be found
again by the  



access position management section 154 based on the position at which the failed recording was
performed, and step 2704 may be performed again as a retry. [02491Step 2705: Processing from
steps 2706 through 2707  (recording calibration processing in the recording calibration area B)
described later is repeated for all the recording layers Lm except for the recording layer on which the
recording calibration B was performed in step 2704 (except for the recording layer Ln) (m is the layer
number and is a positive number of 0 or greater which fulfills n # m). For example, in the case of the
optical disc 1 in the state shown in FIG. 25, the recording calibration A (power calibration) using the
recording calibration area A is performed on the recording layer 5 (L1 layer), and so the recording
calibration B in step 2704 is also performed on the Ll layer. Therefore, the processing from steps 2706
through 2707 is repeated on the recording layer 3 (LO layer) and the recording layer 7 (L2 layer) other
than the recording layer 5 (1,1 layer). [0250]Step 2706: An optimal recording power for the  recording
layer Lm is found.Specifically, the recording calibration section 151 multiplies the power change ratio
2700 calculated by step 2703 and the recommended recording power for the recording layer Lm which
is read from the control area into the memory 170 to find the optimal recording power for the recording
layer Lm (precisely, the recording power is generally suitable to the recording layer Lm because such
a power is found by calculation). 



[0251]Step 2707:Recording calibration B(strategy calibration, margin checking, etc.; hereinafter, it is
assumed that strategy calibration is performed as the recording calibration B) is performed on the
recording layer Lm. Specifically, the access position management section 154 confirms the start
position of the strategy calibration based on the position pointed to by the Lm-NAPB, which is the next
available position information on the recording calibration area B in the recording layer Lm (for
example, in the case where m is 0 (in the case of the recording layer LO), LO-NAPB 801, which is the
next available position information on the recording calibration area B 70). The recording calibration
section B 158 sets the optimal recording power, found in step 2706, in the laser control section 130.
The recording calibration section B 158 also sets a strategy (for example, a plurality of patterns of
strategy) in the recording compensation circuit 140. Furthermore, the recording calibration section B
158 moves the optical head 120 using the mechanical control section 160 to the start position of the
strategy calibration calculated by the access control section 154, and performs the recording. Based
on the recording quality of the recorded area (for example, the modulation degree or BER), the
recording calibration section B 158 finds an optimal recording strategy (for example, a strategy, among
the plurality of patterns of strategy conditions, at which the phase error is smallest). Then, the
recording calibration section B 158 updates the Lm recording calibration area B next available position
information (in the case where m is 0 (in the case of the recording layer LO), LO-NAPE 801), among
the data corresponding to the DOS 701 in the memory 170, by the part used for the strategy
calibration. [0252] If the recording for strategy calibration results   in a failure, the access position may
be found again by the access position management section 154 based on the position at which the
failed recording was performed, and step 2707 may be performed again as a retry. [0253]Step 2708:
The processing from steps 2706 through 



2707 described above is repeated for all the recording layers Lm except for the recording layer In on
which the recording calibration B was performed in step 2704. When there is a recording layer on
which recording calibration has not been finished, the processing returns to step 2705. When
recording calibration has been finished on all the recording layers except for the recording layer on
which calibration was performed in the recording calibration area A in step 2704, the processing
advances to step 2709. [0254]Step 2709: When the recording calibration is finished, the latest
management information is recorded (the management information is updated to the latest
management information) in the TDMA. Specifically, the system control section 150 uses the recording
control section 155 to record data, corresponding to a DDS including the new next available  position
information updated in steps 2702, 2704 and 2707 and stored in the memory 170, in the TDMA as the
new TDMS 700 in a write once manner. At this timing (in actuality, before the TDMA (DDS 701) is
updated, because the DDS 701 includes the pointer information representing the position from which
the drive area was used), the results of the calibration (calibration history) performed by the optical
disc recording and reproduction apparatus 100 may be recorded in the drive inherent information area
(also referred to as a "drive area") of the optical disc 1 as the recording calibration target when
necessary. [0255]The management information does not need to be updated after the recording
calibration, and may be updated anytime before the optical disc 1 is discharged from the optical disc
recording and reproduction apparatus 100. 



[0256]Thus, the recording calibration processing is finished. [0257]As described above, the information
on the next available position (pointer information) in the recording calibration area A and the recording
calibration area B is  included in the management information (DDS 701).This 



eliminates the need to search for the next available position for each cycle of recording calibration, and
allows the access position management section 154 to find the recording calibration position efficiently
in step 2701.Thus, the efficiency of the entire recording calibration processing is improved (the time
required for the recording calibration can be shortened) . Especially, the recording calibration areas A
are used from the layer farthest from the laser light incidence side.Therefore, if the next available
position needs to be actually searched for, it may be necessary to access the recording calibration
areas A in all the recording layers in the worst case.The effect of managing the recording calibration
areas A in all the recording layers with one piece of pointer information is significant.  (0258]Regarding
the recording calibration areas B, there 



is a restriction that the recording needs to be performed at a recording power generally suitable to the
optical disc 1. Therefore, the recording calibration areas B need to be used after the recording
calibration A (power calibration) is  performed in the recording calibration area A at the earliest. In fact,
the system control section 150 controls the recording calibration section 151 (the recording calibration
section A 157 and the recording calibration section B 158) for performing the calibration in these
areas, regarding the order of recording calibration. [0259]In the above description given with reference
to FIG. 27, the system control section 150 is explained as performing the total control of the recording
calibration including the procedure of the series of processing, and the recording calibration section
151 (the recording calibration section A 157 and the recording calibration section B 158) is explained
as performing an individual calibration operation in the recording calibration, such as power calibration,
the strategy calibration or the like. Needless to say, the same effect is provided by means for realizing
the processing (functions) corresponding to the above-described steps. Namely, the recording
calibration section 151 may perform the total control of the recording calibration, or one means may
realize a plurality of steps (functions).  [0260]In step 2705, the processing is repeated on the 



recording layers Lm (m is the layer number and is a positive number of 0 or greater which fulfills n #
m). Alternatively, the processing may be performed on all the recording layers including the layer of n
= m.In this case, step 2704 of performing the calibration using the recording calibration area B in the
recording layer Ln on which the recording calibration A was performed may be eliminated, and the
processing in steps 2706 and 2707 may be performed in common on all the recording layers including
the layer of n = m.  [0261]For example, in the case where the results of the calibration performed in the
past by the optical disc recording and reproduction apparatus 100(calibration history) are left in a drive
inherent information area (also referred to as a "drive area") or the like of the optical disc 1 which is the
recording calibration target, the strategy left in the calibration history may be used as the initial value of
the strategy for the power calibration in step 2702. Alternatively, in the case where the calibration
history is left, the processing may be controlled such that  



step 2704 of performing recording calibration B (strategy calibration, etc.) on the recording layer on
which the recording calibration (power calibration) was performed using the recording calibration area
A is not executed, or such that steps 2704 and 2707 regarding the recording calibration B are not
performed on all the recording layers.Still alternatively, information corresponding to the power change
ratio 2700 found in the past or information regarding the same(for example,temperature information
when the calibration was performed in the past) may be left in the calibration history. In the case where
the conditions of the current recording calibration fulfill the conditions left in the calibration history, the
recording calibration A in the recording calibration area A in step 2702 may be skipped. [0262]In step
2705, the recording calibration B is performed on all the recording layers except for the recording layer
Ln.It is not necessary that the recording 



calibration B is performed on all the recording layers.It is sufficient that the processing up to the
recording calibration B is performed on at least the recordinglayer(s)   on which data is to be recorded
in the management information area such as the data zone 14, the lead-in zone 13 or the like.
[0263]At the time when the recording calibration area A becomes short of an empty area for the new
calibration (at the time when the recording calibration area A is used up) in all the recording layers,
recording on the optical disc 1 is prohibited because new calibration cannot be performed thereon
anymore. Similarly, in the case where the recording calibration B (strategy calibration, etc.) needs to
be performed using the recording calibration area B in steps 2704 and 2707, at the time when the
recording calibration area B in the target recording layer becomes short of an empty area for the new
calibration (at the time when the recording calibration area B is used up), recording on the optical disc
1 (precisely, at least the target recording layer) is prohibited because new calibration cannot be
performed thereon anymore. [0264]For example, in the case where the results of the 



calibration performed in the past on the target recording  layer by the optical disc recording and
reproduction apparatus 100 (calibration history) are left in a drive inherent information area (also
referred to as a "drive area") or the like of the optical disc 1, namely, the history information is used for
the calibration, recording on the optical disc 1 is not necessarily prohibited in the following case as
long as the recording calibration area B has a usable area: for example, in the case where the
recording power for the target recording layer is adjustable by the recording calibration in the recording
calibration area B, e.g., in the where the recording power for the target recording layer is guaranteed
as being suitable. [0265]In Embodiment 4 of the present invention, a write once optical disc is
described as an example. Substantially the same idea may be applied to a rewritable optical disc.
Substantially the same effects as described above can be provided in the following conditions. The
recording layers each have a recording calibration area A and a recording B; the recording calibration
areas A are used from the recording layer farthest from the laser light incidence side (for  example,
from the recording calibration area A 60 in the LO layer); such a restriction is provided that when the
recording calibration area A in the recording layer is determined not to be usable due to cycle
deterioration or the like, the recording calibration area A in the next recording layer (for example, the
recording calibration area A 61 in the Ll layer) should be used; and recording in the recording
calibration areas B is performed at a recording power generally suitable to the optical disc 1. In the
case of a rewritable optical disc, the recording calibration areas are also rewritable. Therefore,
recording calibration may be performed at any position in the recording calibration area. For this
reason, a rewritable optical disc does not need to keep the next available position information (NAPA
800, LONAPB 801, etc.), but needs to keep the position information on the next available recording
calibration area A (physical address, recording layer number, etc.) in order to restrict the order of use
or the recording calibration areas A. 



(EMBODIMENT 5)  <Main parameters> [0266]Examples of the recording mediums to which the
present invention is applicable include Blu-ray disc (BD) and optical discs of other formats. Hereinafter,
BDs will be described. There are the following types of BD in accordance with the characteristics of the
recording layers: reproduction-only BD-ROM, write once BD-R, rewritable BD-RE and the like. The
present invention is applicable to any of the R (write once) type and the RE (rewritable type) of BDs
and other format recording mediums. The main optical constants and physical formats of the Blu-ray
disc are disclosed in "Illustrated Blu-ray Disc Reader" (Blu-ray Handbook) published by Ohmsha, Ltd.
or the white papers put on the web site of the Blu-ray Association (http://www.bluraydisc.com/).
[0267]For the BD, laser light having a wavelength of about 405 nm (where the tolerable error range is
5 nm with respect to the standard value of 405 nm, 400 to 410 nm) and an objective lens having a
numerical value (NA) of about 0.85 (where the tolerable error range is 0.01 nm with respect to 



track pitch of the BD is about 0.32 pm (where the tolerable error range is 0.010 pm with respect to the
standard value of 0.320 pm, 0.310 to 0.330 pm), and one or two recording layers are provided. One or
two recording layers each having a recording surface are provided on the side on which the laser light
is incident. The distance from the surface of a protective layer of the BD to the recording surface is 75
pm to 100 pm. [0268]As the modulation system for a recording signal, 17PP modulation is used. The
length of the shortest mark to be recorded (2T mark; T is a cycle of the reference clock (the reference
cycle of modulation in the case where a mark is recorded by a prescribed modulation rule)) is 0.149
pm (or 0.138 pm) (channel bit length T is 74.50 nm (or 69.00 nm)). The recording capacity is 25 GB (or
27 GB) (more precisely, 25.025 GB (or 27.020 GB) where one layer is provided on one side, or 50 GB
(or 54 GB) (more precisely, 50.050 GB (or 54.040 GB) where two layers are provided on one side.
[0269]The channel clock frequency is 66 MHz (channel bit  rate: 66.000 Mbits/s) at the standard
transfer rate (BD1x), 264 MHz(channel bit rate: 264.000 Mbits/s) at the 4x 



transfer rate (BD4x), 396 MHz (channel bit rate: 396.000 Mbits/s) at the 6x transfer rate (B06x) rate,
and 528 MHz (channel bit rate: 528.000 Mbits/s) at the 8x transfer rate (BD8x). [0270]The standard
linear velocity (reference linear velocity, lx) is 4.917 m/sec. (or 4.554 m/sec.).The linear  velocity at 2x,
4x, 6x and 8x is respectively 9.834 m/sec., 19.668 m/sec., 29.502 m/sec., and 39.336 m/sec.A linear
velocity higher than the reference liner velocity is generally a positive integral multiple of the reference
liner velocity, but is not limited to an integral multiple and may be a positive real number multiple of the
reference liner velocity. A linear velocity lower than the reference liner velocity, such as 0.5 times
(0.5x), may also be defined.  [02711The above description is regarding BDs already developed into
commercial products, which include one layer or two layers and have a recording capacity per layer of,
mainly, about 25 GB (or about 27 GB). For realizing a higher 



capacity, a high density BD having a recording capacity per layer of about 32 GB or about 33.4 GB
and a BD including three or four layers are also under research, and these BDs will also be described
below. <Modulation> [0272]Now, the modulation system of the recording signal will be briefly
described. [0273]For recording data (original source data/pre- modulation binary data) on a recording
medium, the data is divided into parts of a prescribed size, and the data divided into parts of the
prescribed size is further divided into frames of a prescribed length. For each frame, a prescribed
sync. code/synchronization code stream is inserted (frame sync. area). The data divided into the
frames is recorded as a data code stream modulated in accordance with a prescribed modulation rule
matching the recording/reproduction signal characteristic of the recording medium (frame data area). 



[0274]The modulation rule may be, for example, an RLL (Run Length Limited) coding system by which
the mark length   is limited. The notation "PLL(d,k)" means that the number of O's appearing between
1 and 1 is d at the minimum and k at the maximum (d and k are natural numbers fulfilling d < k). For
example when d 1 and k - 7, where T is the reference cycle of modulation, the length of the mark or
space is 2T at the shortest and 8T at the longest. Alternatively, the modulation rule may be 1-7PP
modulation, in which the following features [1] and [2] are added to the PLL(1,7) modulation. "PP" of
1-7PP is an abbreviation of Parity preserve/ProhibitRepeatedMinimumTransitionLength.  [1] "Parity
preserve" represented by the first "P" means that whether the number of l's of the pre-modulation
source data bits is an odd number or an even number (i.e., Parity) matches whether the number of l's
of the corresponding post-modulation bit pattern is an odd number or an even number.  [2] "prohibit
Repeated Minimum Transition Length" represented by the second "P" means a mechanism for limiting
the number of times the shortest marks and spaces are repeated on the post-modulation recording
wave (specifically, a mechanism for limning the number of times 2T is repeated to 6). 



<Frame sync pattern> [0275]The prescribed modulation rule is not applied to the sync.
code/synchronization code stream inserted between the frames. Therefore, the sync.
code/synchronization code stream can have a pattern other than the code length restricted by the
modulation rule. The sync. code/synchronization code stream determines the reproduction processing
timing for reproducing the recorded data and so may include any of the following patterns.
[0276]Fromtheviewpointofallowingthesync. code/synchronization code stream to be distinguished from
the data code stream more easily, a pattern which does not appear in the data code stream may be
included. For example, a mark/space longer than the longest mark/space included in the data code
stream or a repetition of such a mark/space may be included. Where the modulation system is 1-7
modulation, the length of the mark or space is limited to 2T through 8T. Therefore, a 9T mark/space
(9TM and/or 9TS) longer than 8T mark/space, or a repetition of a 9T mark/space (9T/9T) may be  



included, for example. [0277]Fromtheviewpointoffacilitatingthe synchronization lock-up processing or
the like, a pattern having many mark-space transfers (zero-cross points) may be included. For
example, among marks/spaces included in the data code stream, a relatively short mark/space or a
repetition of such a mark/space may be included. Where the modulation system is 1-7 modulation, a
2T mark/space (2TM and/or 2TS) which is shortest, a repetition thereof (2T/2T), a 31 mark/space
(3TM and/or 31S) which is second shortest or a repetition thereof (3T/3T) may be included, for
example. Depending on the wavelength, numerical aperture, channel bit length, recording density or
the like, a mark and/or space of a length which does not provide a sufficient reproduction characteristic
may be included. In such a case, the mark and/or space of a length which does not provide a sufficient
reproduction characteristic or a shorter mark and/or space (for example, the shortest mark and/or
space) may be excluded. <Inter-code distance of the frame sync.>  [0278]Here, an area including the
synchronization code  stream and the data code stream is referred to as a "frame area", and a unit
including a plurality of (e.g., 31) frame areas is referred to as an "sector" (or "address unit"). In a
sector, an inter-code distance between a synchronization code stream included in an arbitrary frame
area of the sector and a synchronization code stream included in a frame area other than the arbitrary
frame area may be 2 or greater. The "inter-code distance" means the number of bits which are
different between two code streams. Owing to the arrangement in which the inter-code distance is 2 or
greater, even if a 1-bit shift error occurs in one of the streams to be read due to an influence of noise
or the like during reproduction, such a stream is not identified as the other stream by mistake.
Alternatively, the inter-code distance between a synchronization code stream included in a frame area
located at the start of the sector and a synchronization code stream included in a frame area located at
a position other than the start of the sector may be 2 or greater. Owing to such an arrangement, it is
easily distinguished whether the 



synchronization code stream is at the start or not, or whether the synchronization code stream is at the
junction of address units or not. [0279]The term "inter-code distance" encompasses an inter-code
distance in an NRZ notation of the code stream in the case of NRZ recording and also an inter-code
distance in an NRZI notation of the code stream in the case of NRZI recording. Therefore, in the case
of recording performed by the RLL modulation, "RLL" means that the number of continuous high-level
or low-level signals on the recording wave of NRZI is limited and so means that the inter-code distance
is 2 or greater in the NRZI notation. <Recording system: in-Groove/on-Groove> [0280]Now, the
recording system will be described.By forming a groove in a medium, groove parts and inter-groove
parts between groove parts are formed. There are various recording systems; namely, data may be
recorded in the groove parts, in the inter-groove parts, or both in the groove parts and the inter-groove
parts. A system of recording on a 



convex side as seen from the light incidence surface, among the groove parts and the inter-groove
parts, is called "on-groove system", whereas a system of recording on a concave side as seen from
the light incidence surface is called "in-groove system". According to the present invention, it is not
specifically limited whether the on-groove system is used, the in-groove system is used, or a system of
permitting either one of the two systems is used. [0281]In the case of using the system of permitting
either one of the two systems, recording system identification information which indicates whether the
on-groove system is used or the in-groove system is used may be recorded on the medium, so that
the recording system of the medium, the on-groove system or the in-groove system, can be easily
identified. For a multi-layer information recording medium, recording system identification information
on each layer may be recorded. In such a case, recording system identification information on all the
layers may be recorded on a reference layer (the layer farthest from the light incidence surface (L0),
the layer closest to the light  incidence surface, the layer to which the optical head is determined to
access first after the optical disc apparatus is started, etc.). Alternatively, recording system
identification information on each layer may be recorded on the respective layer, or recording system
identification information on all the layers may be recorded on each layer. [0282] The areas in which
the recording system identification information can be recorded include a BOA (Burst Cutting area), a
disc information area (an area which is inner or/and outer to the data recording area and mainly stores
control information; in the reproduction-only area, such an area may have a track bitch larger than that
of the data recording area), a wobble (recorded in superimposition on the wobble), and the like. The
recording system identification information may be recorded in any one of these areas, a plurality of
areas among these areas, or all of these areas. [0283]The wobble start direction may be opposite
between 



the on-groove system and the in-groove system. Namely, where the wobble start direction in the
on-groove system is from  the inner side of the disc, the wobble start direction in the in-groove system
may be from the outer side of the disc (alternatively, where the wobble start direction in the on-groove
system is from the outer side of the disc, the wobble start direction in the in-groove system may be
from the inner side of the disc). By setting the wobble start direction to be opposite between the
on-groove system and the in-groove system in this manner, the tracking polarity can be the same
whichever system, the on-groove system or the in-groove system, may be used. The reason is as
follows. In the on groove system, the recording is made on the convex side as seen from the light
incidence surface, whereas in the in-groove system, the recording is made on the concave side as
seen from the light incidence surface. Therefore, if the groove depth is the same in these systems, the
tracking polarity is opposite. By setting the wobble start direction to be opposite between the two
systems, the tracking polarity can be made the same. <Recording characteristic and reflectance: High
to Low,  Low to High> 



[0284]A recording film can have the following two recording characteristics because of the relationship
between the reflectance of the recorded part and the reflectance of the unrecorded part. They are HtoL
characteristic at which the reflectance of the unrecorded part is higher than the reflectance of the
recorded part (High-to-Low), and LtoH characteristic at which the reflectance of the unrecorded part is
lower than the reflectance of the recorded part (Lowto-High). According to the present invention, it is
not specifically limited whether the HtoL characteristic is used, the LtoH characteristic is used, or either
one of the two is Permissible as the characteristic of the record of the medium. N2851In the case
where either one of the two is permissible, recording film characteristic identification information which
indicates whether the recording film has the HtoL characteristic or the LtoH characteristic may be
recorded on the medium, so that it can be easily identified which characteristic the recording film has.
For a multi-  layerinformationrecordingmedium,recordingfilm characteristic identification information on
each layer may be recorded. In such a case, recording film characteristic identification information on
all the layers may be recorded on a reference layer (the layer farthest from the light incidence surface
(L0), the layer closest to the light incidence surface, the layer to which the optical head is determined
to access first after the optical disc apparatus is started, etc.). Alternatively, recording film
characteristic identification information on each layer may be recorded on the respective layer, or
recording film characteristic identification information on all the layers may be recorded on each layer. 



[02861Theareasinwhichtherecordingfilm characteristic identification information can be recorded
include a BOA (Burst Cutting area), a disc information area (an area which is inner or/and outer to the
data recording area and mainly stores control information; in the reproduction-only area, such an area
may have a track pitch larger than that of the data recording area), a wobble   (recorded in
superimposition on the wobble), and the like. The recording film characteristic identification information
may be recorded in any one of these areas, a plurality of areas among these areas, or all of these
areas. <Multiple layers> [0287]In the case of a one-sided disc used for information reproduction and/or
recording with laser light incident on the side of the protective layer, where there are two or more
recording layers, there are a plurality of recording layers between the substrate and the protective
layer. An example of a structure of such a multi-layer disc is shown in FIG. 29. The disc shown here
includes (n+1) information recording layers 502 (n is an integer of 0 or greater). A specific structure of
the optical disc is as follows. A cover layer 501, the (n+1) information recording layers (Ln through LO
layers) 502, and a substrate 500 are sequentially stacked from a surface on which laser light 505 is
incident. Between each two adjacent layers of the (n+1) information recording layers 502, an
intermediate layer 503 



acting as an optical buffer member is inserted.The reference layer (LO) is provided at a deepest
position which is away from the light incidence surface by a prescribed distance (a position closest to
the light source), and the other layers (L1, L2, Ln) are stacked on the reference layer (LO) toward the
light incidence surface. [0288]The distance from the light incidence surface to the reference layer LO
of the-layer disc may be substantially the same as the distance from the light incidence surface to the
recording layer of a single layer disc (e.g., about 0.1 mm). By keeping the distance to the deepest
(farthest) layer the same regardless of the number of layers in this manner (i.e., by making the
distance the same as the distance in the single layer disc), the following effects are provided. The
compatibility can be maintained between a single layer disc and a multi-layer disc regarding the
access to the reference layer. In addition, the influence of the tilt is prevented from being increased
even when the number of layers increases, for the following reason. The deepest layer is most
influenced by the tilt. However,  



in the case where the distance to the deepest layer is made the same as the distance in the single
layer disc, the distance to the deepest layer is not increased even if the number of layers increases.
[0289]Regarding the spot advancing direction(also referred to as the "track direction or spiral
direction"), either the parallel path or the opposite path is usable. [0290]By the parallel path, the
reproduction direction is the same in all the layers.Namely, the spot advancing direction is from the
inner side toward the outer side in all the layers, or from the outer side toward the inner side in all the
layers. [0291]By the opposite path, the reproduction direction in 



one layer is opposite to the reproduction direction in a layer adjacent thereto. Specifically, where the
spot advancing direction is from the inner side toward the outer side in the reference layer (L0), the
reproduction direction is from the outer side toward the inner side in the recording layer Ll and is from
the inner side toward the outer side in the recording layer L2. Namely, the reproduction direction  is
from the inner side toward the outer side in the recording layer Lm (m is 0 or an even number) and is
from the outer side toward the inner side in the recording layer Lm+1. Alternatively, the reproduction
direction is from the outer side toward the inner side in the recording layer Lm (m is 0 or an even
number) and is from the inner side toward the outer side in the recording layer Lm+1. [0292]The
thickness of the protective layer (cover layer) is set to be smaller because the numerical aperture (NA)
is higher and so the focal distance is shorter, and also in order to suppress the influence of the
distortion of the spot caused by the tilt. The numerical aperture NA is set to about 0.85 for the BD
whereas the numerical aperture NA is set to 0.45 for the CD and 0.65 for the DVD. For example,
among the total thickness of the recording medium of about 1.2 mm, the thickness of the protective
layer may be 10 to 200 pm. More specifically, on a substrate having a thickness of about 1.1 mm, a
transparent protective layer having a thickness of about 0.1 mm may be provided in the case of a
single layer disc, and a protective layer having a thickness  of about 0.075 mm and an intermediate
layer (spacer layer) having a thickness of about 0.025 mm may be provided in the case of a two-layer
disc. For a disc including three or more layers, the thickness of the protective layer and/or space layer
may be thinner. 



[0293]Regarding the various formats and systems described above, when the recording density
(recording capacity per layer) increases, a plurality of recording densities may be possibly provided.
Depending on the difference in the recording density or the number of recording layers, a part of the
plurality of recording densities may be adopted and another part thereof may not be adopted while
another format or system is adopted. Hereinafter, a multi-layer disc (especially, a three-layer disc) and
a high density disc (for example, having a capacity per layer of 30 GB) will be described.
<Structural examples of discs having one through four layers> [0294JNow, FIG. 30 shows an example
of a structure of a  single layer disc, FIG. 31 shows an example of a structure of a two-layer disc, FIG.
32 shows an example of a structure of a three-layer disc, and FIG. 33 shows an example of a structure
of a four-layer disc. As described above, where the distance from the light incidence surface to the
reference layer LO is made the same, the total thickness of the disc is about 1.2 mm (it is preferable
that the total thickness is equal to or less than 1.40 mm including label printing or the like), the
thickness of the substrate 500 is about 1.1 mm, and the distance from the light incidence surface to
the reference layer LO is about 0.1 mm in any of the discs shown in FIG. 31 through FIG. 33. In the
single layer disc shown in FIG. 30 (n = 0 in FIG. 29), the thickness of a cover layer 5011 is about 0.1
mm. In the two-layer disc shown in FIG. 31 (n = 1 in FIG. 29), the thickness of a cover layer 5012 is
about 0.075 mm and the thickness of a space layer 5032 is about 0.025 mm. In the three -layer disc
shown in FIG. 32 (n - 2 in FIG. 29) and the four-layer disc shown in FIG. 33 (n = 3 in FIG. 29), the
thickness of cover layers 5013 and 5014 and/or the thickness of space layers 5033 and  



5034 are still thinner. (EMBODIMENT 6) [0295]FIG. 34 shows a physical structure of an optical disc 1
according to this embodiment. In the discus-shaped optical disc 601, a great number of tracks 602 are
formed concentrically or in a spiral, for example. In each track 602, a great number of tiny sectors are
formed.As 



described later, data is recorded on each track 602 in units of blocks 603 each having a predetermined
size.  [0296]The optical disc 601 according to this embodiment has an expanded recording capacity
per information recording layer as compared with a conventional optical disc (for example, a BD of 25
GB). The recording capacity is expanded by raising the recording linear density, for example, by
decreasing the length of a recording mark recorded on the optical disc.Here, the expression "raising
the recording linear density" means to decrease the channel bit length. The "channel bit length" refers
to a length corresponding to cycle T of the reference clock (the reference cycle T of  



modulation in the case where a mark is recorded by a prescribed modulation rule). The optical disc 1
may include a plurality of layers. In the following, only one information recording layer will be described
for the convenience of explanation. Even where the width of the track is the same among a plurality of
layers provided in the optical disc, the recording linear density may be varied on a layer-by-layer basis
by making the mark length different among different layers while making the mark length the same in
the same layer. [0297]The track 602 is divided into blocks by a data recording unit of 64 kB (kilobytes),
and the blocks are sequentially assigned block address values. Each block is divided into sub blocks
each having a prescribed length. Three sub blocks form one block. The sub blocks are assigned sub
block numbers of 0 through 2 from the first sub block. <Recording density> [0298]Now, the recording
density will be described with reference to FIG. 35, FIG. 36 and FIG. 37.  



[0299]FIG. 35(A) shows an example of a 25 GB BD. For the BD, the wavelength of laser light 623 is
405 nm and the numerical aperture (NA) of an objective lens 220 is 0.85. [0300]Like in the case of a
DVD, also in the case of a BD, the recording data is recorded as marks 620 and 621 formed by a
physical change on the track 602 of the optical disc.A mark having the shortest length among these
marks is referred to as the "shortest ark".In the figure, the mark 621 is the shortest mark. 



[0301]When the recording capacity is 25 GB, the physical length of the shortest mark 621 is 0.149
pm.This corresponds to about 1/2.7 of that of a DVD.Even if the resolving power of the laser light is
raised by changing the wavelength parameter (405 nm) and the NA parameter (0.85) of the optical
system, the physical length of the shortest mark is close to the limit of the optical resolving power, i.e.,
the limit at which a light beam can identify a recording mark. [0302] FIG. 36 shows how a mark stream
recorded on the track is irradiated with a light beam. In the case of a BD, an optical spot 630 has a
diameter of about 0.39 wit because  of the above-mentioned parameters of the optical system. When
the recording linear density is raised without changing the structure of the optical system, the recording
mark becomes smaller with respect to the diameter of the optical spot 630, and therefore the resolving
power for reproduction is declined. [0303]For example, FIG. 35(B) shows an example of an 



optical disc having a recording density higher than that of the 25 GB BD. For this disc also, the
wavelength of the laser light 623 is 405 nm and the numerical aperture (NA) of an objective lens 720 is
0.85. A mark shortest among the marks 625 and 624 of the disc, namely, the mark 625, has a physical
length of 0.1115 jim. In the disc in FIG. 35(3), as compared with the disc shown in FIG. 35(A), the
diameter of the spot is the same at about 0.39 jim but the recording mark is smaller and the ter-mark
gap narrower. Therefore, the resolving power for reproduction is declined. [0304]An amplitude of a
reproduction signal obtained by reproducing a recording mark using a light beam decreases as the
recording mark is shortened, and becomes almost zero at  the limit of the optical resolving power. The
inverse of the cycle of the recording mark is called "spatial frequency", and the relationship between
the spatial frequency and the signal amplitude is called OTF (Optical Transfer Function). The signal
amplitude decreases almost linearly as the spatial frequency increases. The critical frequency for
reproduction at which the signal amplitude becomes zero is called "OTF cutoff". [0305]FIG. 37 is a
graph showing the relationship between 



the OTF and the shortest recording mark when the recording capacity is 25 GB. The spatial frequency
of the shortest recording mark of the BD is about 80% with respect to the OTF cutoff, which is close to
the OTF cutoff. It is also seen that the amplitude of the reproduction signal of the shortest mark is very
small at about 10% of the maximum detectable amplitude. For the BD, the recording capacity at which
the spatial frequency of the shortest recording mark is very close to the OTF cutoff, i.e., the recording
capacity at which the reproduction amplitude of the shortest mark is almost zero, is about 31 GB.
When the frequency of the  reproduction signal of the shortest mark is around, or exceeds, the OFF
cutoff frequency, the resolving power of the laser light is close to the limit or may exceed the limit. In
such an area, the amplitude of the reproduction signal decreases and the S/N ratio is drastically
deteriorated.  [0306]Therefore, with the recording linear density which is assumed for the high density
optical disc shown in FIG. 35(B), the frequency of the shortest mark of the reproduction signal is in the
vicinity of the OTF cutoff (including a case where the frequency is equal to or lower than the OTF
cutoff, but is not significantly lower than the OTF cutoff) or equal to or higher than the OTF cutoff.
[0307]FIG. 38 is a graph showing an example the relationship between the signal amplitude and the
spatial frequency when the spatial frequency of the shortest mark (2T) is higher than the OTF cutoff
frequency and the amplitude of a 21 reproduction signal is 0. In FIG. 38, the spatial frequency of the
shortest mark (21) is 1.12 times of the OTF cutoff frequency. 



<Relationship among the wavelength, numerical aperture and mark length> [0308]The relationship
among the wavelength, numerical aperture and length of a mark/space of a higher recording density
disc B is as follows. [0309]Where the shortest mark length is TM nm and the shortest space length is
TS nm, (shortest mark length + shortest space length) P is represented as (TM + TS) nm. In the case
of 17 modulation, P = 2T + 2T - 4T. Where the three parameters, i.e., the laser light wavelength X (405
nm  5 nm, i.e., 400 to 410 nm), the NA (0.85  0.01, e., 0.84 to 0.86), and the length P of the shortest
mark + the shortest space (in the case of 17 modulation, P - 2T + 2T - 4T because the shortest length
is 2T) are used, when the reference T decreases to fulfill. P 2,12NA, the spatial frequency of the
shortest mark exceeds the OTF cutoff frequency. 10310IThe reference T corresponding to the OTF
cutoff 



frequency when NA - 0.85 and 2, - 405 nm s: T = 405/(2 x 0.85)/4 = 59.558 nm.(When P > 2a2NA, the
spatial frequency of the shortest mark is lower than the OTF  cutoff frequency.) [0311]In this manner,
merely by increasing the recording linear density, the S/N ratio is deteriorated by the limit of the optical
resolution. The deterioration of the S/N ratio caused by increasing the number of information recording
layers may be occasionally intolerable from the viewpoint of the system margin. As described above,
the deterioration of the S/N ratio is conspicuous especially where the frequency of the shortest mark is
higher than the GTE cutoff frequency. [0312] In the above, the frequency of the reproduction signal of
the shortest mark and the GTE cutoff frequency are compared in relation with the recording density.
When the density improvement is more advanced, a recording density (recording linear density,
recording capacity) corresponding to each case can be set by the principle described above based on
the relationship between the frequency of the reproduction signal of the next shortest mark (also the
shortest mark next to the next shortest mark (also the next shortest mark and he recording marks
which become gradually less shorter in this manner) and the GTE cutoff frequency. 



<Recording density and the number of layers> [0313]For a BD usable with laser light having a
wavelength of 405 nm and an objective lens having a numerical aperture of 0.85, the following can be
considered as a specific recording capacity per layer in the case where the frequency of the shortest
mark is in the vicinity of the OTF cutoff: about 29 GB (e.g., 29.0 GB  0.5 GB or 29 GB + 1 GB, etc.) or
larger, about 30 GB (e.g., 30.0 GB  0.5 GB or 30 GB  1 GB, etc.) or larger, about 31 GB (e.g., 31.0 GB
0.5 GB or 31 GB  1 GB, etc.) or larger, about 32 GB (e.g., 32.0 GB  0.5 GB or 32 GB _ 1 GB, etc.) or
larger, and the like. [0314]In the case where the frequency of the shortest 



mark is equal to or higher than the OTF cutoff, the following can be considered as a recording capacity
per layer: about 32 GB (e.g., 32.0 GB  0.5 GB or 32 GB  1 GB, etc.) or larger, about 33 GB (e.g., 33.0
GB  0.5 GB or 33 GB  1 GB, etc.) or larger, about 33.3 GB (e.g., 33.3 GB  0.5 GB or 33.3 GB  1 GB,
etc.) or larger, about 33.4 GB (e.g., 33.4 GB  0.5 GB or 33.4 GB  1 GB, etc.) or larger, about 34 GB
(e.g., 34.0 GB  0.5 GB or 34 GB  1 GB, etc.) or larger, about 35 GB (e.g., 35.0 GB  0.5 GB or 35 GB  1
GB, etc.) or larger, and the like. [0315]Especially where the recording density is about 33.3 GB, a
recording capacity of about 100 GB (99.9 GB) is realized with three layers. Where the recording
density is about 33.4 GB, a recording capacity of 100 GB or greater (100.2 GB) is realized with three
layers. This generally matches the recording capacity of a BD including four layers each having a
recording density of 25 GB. For example, where the recording density is 33 GB, 33 x 3 = 99 GB, which
is different from 100 GB by 1 GB (equal to or less than 1 GB). Where the recording density is 34 GB,
34 x 3 = 102 GB, which is different from 100 GB by 2 GB (equal to or less than 2 GB). Where the
recording density is 33.3 GB, 33.3 x 3 = 99.9 GB, which is different from 100 GB by 0.1 GB (equal to
or less than 0.1 GB). Where the recording density is 33.4 GB, 33.4 x 3 - 100.2 GB, which is different
from 100 GB by 0.2 GB (equal to or less than 0.2 GB). [0316]As described above, when the recording
density is 



significantlyexpanded,precisereproductionbecomes difficult because of the influence of the
reproduction characteristic of the shortest mark. A recording density which is suppressed from being
expanded significantly but realizes a recording capacity of 100 GB or greater, about 33.4 GB is
realistically usable. [0317]Inthissituation,there are thefollowing alternatives for the disc structure:
including four layers each having 25 GB, or including three layers each having 33 to 34 GB. When the
number of layers increases, the reproduction signal amplitude of each recording layer is decreased
(the S/N ratio is deteriorated) or the influence of multi-layer stray light (signal from an adjacent
recording layer) exerted, for example. A disc including three layers each having 33 to 34 GB, as
opposed to a disc including four layers each having 25 GB, can realize a recording capacity of about
100 GB while suppressing the influence of the stray light as much as possible, i.e., with a smaller
number of layers (with three layers as opposed to four layers). Thus, a disc manufacture wishing to
realize  about 100 GB while avoiding the increase of the number of the layers as much as possible can
choose a disc including three layers each having 33 to 34 GB. By contrast, a disc manufacturer
wishing to realize about 100 GB while keeping the conventional format (the recording density or 25
GB) can choose a disc including four layers each having 25 GB. In this manner, manufacturers with
different purposes can realize the respective purposes with different structures. This provides a certain
degree of freedom in disc designing. [0318] Where the recording density per layer is about 30 to 32
GB, a recording capacity of 120 GB or greater is realized with a four-layer disc although 100 GB is not
reached by a three-layer disc (about 90 to 96 GB). Where the recording density is about 32 GB, a
four-layer disc realizes a recording capacity of about 128 GB. The numerical value of 128 matches a
power of 2 (seventh power of 2) which is convenient to be processed by a computer. As compared to
the disc realizing about 100 GB with three layers, the disc realizing about 128 GB with four layers has
less influence on the reproduction characteristic of the shortest mark. 



[0319]Based on this, for expanding the recording density, a plurality of recording densities may be
provided (for example, about 32 GB and about 33.4 GB) and combined with a plurality of numbers of
layers. In this manner, the disc manufacturers can be provided with a certain degree of freedom in
designing. For example, a manufacturer wishing to increase the capacity while suppressing the
influence of a larger number of layers can choose to produce a three-layer disc of about 100 GB. A
manufacture wishing to increase the capacity while suppressing the influence on the reproduction
characteristic can choose to produce a four-layer disc of about 120 GB in which each of four layers
has 30 to 32 GB. INDUSTRIAL APPLICABILITY [0320]An information recording medium according to
the present invention is applicable to a write once optical disc and a rewritable optical disc including a
plurality of recording layers. [0321]An information recording and reproduction method 



according to the present invention is applicable to, for  performing recording to, or reproducing from, a
write once optical disc and a rewritable optical disc including a plurality of recording layers.
REFERENCE SIGNS LIST [0322] 1optical disc 2, 4, 6recording layer 



3, 5 intermediate layer 7cover layer 11track 12block 13lead-in zone 14data zone 15lead-out zone 



20, 21, 22, 23 power calibration area 30, 31, 32strategy calibration area 40reserved area 50OPC
areas  51power calibration 52strategy calibration 60, 61, 62 recording calibration area A 70, 71, 72
recording calibration area B 



100 optical disc recording and reproduction apparatus 110 instruction processing section 120 optical
head 130 laser control section 140 recording compensation circuit 150 system control section 151
recording calibration section 152 power calibration section 



153 strategy calibration section 154 access position management section 155 recording control
section 156 reproduction control section 157 recording calibration section A 158 recording calibration
section B 160 mechanical control section 170 memory 



180 I/O bus   200 first recording calibration area 



201 second recording calibration area   210 



reserved area   400 area on which recording is performed   



401, 402range influenced by laser light   410, 411range irradiated with laser light  



700 TDMS   701 DDS 



702 DFL   710 



identifier   711 DFL position information   



712, 713,714power calibration area next available position  information 715, 716, 717 strategy
calibration area next available position information 



718 other information 800 recording calibration area A next available position information 801, 802,
803 recording calibration area B next available  position information 1301 power calibration area inner
side next available position information 



1302 power calibration area outer side next available position information 1701, 1705, 1709power
calibration end position information 1702, 1706, 1710power calibration next available position
information 1703, 1707, 1711strategy calibration end position 



information 1704, 1708, 1712strategy calibration next available position information 2700 power
change ratio  CLAIMS        1. An information recording medium, wherein data is recorded on at least
one of a plurality of recording layers by laser light incident on a surface of the information recording
medium, wherein:        the plurality of recording layers include a first recording layer, and second
through N-th recording layers (N is an integer of 3 or greater) which are sequentially located in a
direction from the first recording layer toward the surface on which the laser is incident; 



each of the plurality of recording layers has a first calibration area and a second calibration area
located outer to the first calibration area;       the first calibration area located in each of the first
through N-th recording layers is located at a different radial position from a radial position of the first
calibration area in each of the other recording layers; and       the second calibration area located in
each of the first through Nth recording layers is located at the same radial position as a radial position
of the second calibration area  in each of the other recording layers.        2. The information recording
medium of claim 1, wherein a varying rate width of a recording power used for the second calibration
area is equal to or smaller than a varying rate width of a recording power used for the first calibration
area.     3. The information recording medium of claim 1, wherein: the first through N-th recording
layers are each assigned physical addresses; 



the physical addresses in the first recording layer are assigned in an ascending order from an inner
side toward an outer side, the physical addresses in the second recording layer are assigned in an
ascending order from the outer side toward the inner side, and the physical addresses in the third
recording layer are assigned in an ascending order from the inner side toward the outer side; and
the first calibration area and the second calibration area located in the first recording layer are used
from the  outer side toward the inner side, the first calibration area and the second calibration area
located in the second recording layer are used from the inner side toward the outer side, and the first
calibration area and the second calibration area located in the third recording layer are used from the
outer side toward the inner side.        4. A recording method for recording information on the
information recording medium of claim 1, the recording method comprising the steps of:      performing
recording calibration in at least one of the first calibration area and the second calibration area; and
recording information on the information recording medium based on a result of the recording
calibration. 



5. A reproduction method for reproducing information from the information recording medium of claim
1, wherein at least one of the first through N-th recording layers of the information recording medium
has a control area in which information on the information recording medium is recorded;         the
reproduction method comprising the step of reproducing information on the information recording
medium from the control area.        6. A recording method for recording information on the information
recording medium of claim 1, wherein each of the plurality of recording layers has a recording
calibration area usable for performing recording calibration to find an optimal recording condition; and
by the recording method, the recording calibration is performed only on a k-th (k is an integer of 1 or
greater and N or smaller) recording layer at the timing when recording is performed on the k-th
recording layer for the first 




















