
RCIDIP2009/003782 DESCRIPTION INFORMATION
RECORDING MEDIUM AND INFORNATION
RECORDING DEVICE TECHNICAL FIELD
[0001]The present invention elates to an information
storage medium on which information written by
being irradiated with a laser beamMore particularly,
the present 



invention relates to an information storage medium
with three or more information storage layers and an
information writing device that is compatible with such
an information storage medium. BACKGROUND ART
[0002]Various types of information storage media, on
which information can be written by being irradiating
with light that has been modulated so as to represent
the information to write (such as a laser beam), have
been developed extensively as means for storing a
huge amount of information thereon. Examples of
those information storage media include a write-once
information storage medium, on
PCT/J1P20091003782 which information can be
written only once on each particular area, and a re
table information storage medium, on which
information can be rewritten an unlimited number of
times. Those two types are generally called a
'write-once optical disc" and a 'rewritable optical disc"
respectively. [0003]To increase the storage capacity
of an optical disc 



by leaps and bounds, it is an effective measure to
take to get multiple ,le storage layers stacked one
upon the other in a single optical disc. As for DVDs
and BDs, dual-layer discs with two information
storage layers are already available, [0004]Such an
optical disc has a test write zone for determining
appropriate writing conditions for writing information
(such as the recording power] of the light, among
other things) in each of its information storage layers.
In writing information on an optical disc using an
optical disc drive, the recording power is optimized
using the test write zone when the drive is being
loaded with the disc or just before data is actually
written on it. For example, Patent Document. No. 1
discloses a method for determining the recording
power for a write-once optical disc.  CITATION LIST
PATENT LITERATURE [0005] Patent Document No.
1: Japanese Patent Application Laid-Open
Publication No. 2002-358648 



SUMMARY OF INVENTION  TECHNICAL
PROBLEM [0006]Patent Document No. 1 does
disclose techniques applicable to an optical disc with
two information storage layers but discloses nothing
about the structure of an optical disc with three or
more information storage layers (e.g., the
arrangement of test write zones and how to use
them, among other things). [0007]Embodiments of
the present invention provide an information storage
medium with three or more information storage
layers, on each of which information can be written
under appropriate conditions, and also provide an
information storage device that is compatible with
such an  information storage medium. 



SOLUTION TO PROBLEM [0008)According to an
aspect of the present invention, there is provided an
information storage medium with n information
storage layers (where n is an integer that is equal to
or greater than three), on which data can be written
with a laser beam and which are stacked one upon
the other, wherein each of the n information storage
layers has a test write zone for determining the
recording power of the laser beam, and wherein
when those n information storage layers are counted
from the one that is located most distant from the
surface of the medium on which the laser beam is
incident, there is a bigger radial location difference
between the outer peripheral end of the inner one of
the test write zones of ith and (i+l)rn information
storage layers (where i is an integer that satisfies
2)=-in-l) and the inner peripheral end of the other
outer test write zone than between the outer
peripheral end of the inner one of the test write zones
of jth and (j+l)sh information storage layers (where j is
an integer that satisfies 1.--hf-11-1) and the inner
peripheral end of the  other outer test write zone.
[0009]Disclosed herein Is an information storage
medium haying at least three information storage
layers. And there is a wider radial gap between the
respective test write zones of a pair of adjacent
information storage layers that are located closer to
the surface of the medium on which a laser beam is
incident than between the respective test write zones
of another pair of adjacent information storage layers
that are located more distant from that surface.
[0010]Disclosed herein is an information storage
medium 



having n information storage layers (where n is an
integer that is equal to or greater than three), on
which data can be written with a laser beam and
which are stacked one upon the other. Each of the n
information storage layers has a test write zone for
determining the recording power of he laser beam.
When those n information storage layers are counted
from the one that is located most distant from the
surface of the medium on which the laser beam is
incident, there is a bigger radial  location difference
between the inner peripheral end of the inner one of
the test write zones of Iddi and (k+1)th information
storage layers (where k is an integer that satisfies
1kn-2) and the outer peripheral end of the other outer
test write zone than between the inner peripheral.
end of the inner one of the test write zones of ktfl and
(k+2)th information storage layers and the outer
peripheral end of the other outer test write zone.
(Doll)In one preferred embodiment, n is four and k is
one. [0012]Disclosed herein is an information storage
medium haying n information storage layers (where n
is an integer that is equal to or greater than four), on
which data can be written with a laser beam and
which are stacked one upon the other. Each of the n
information storage layers has a test write zone for
determining the recording power of the laser beam.
When those n information storage layers are counted
from the one that is located most distant from the
surface of the medium on which the laser beam, is
incident, there is a bigger radial  



location difference between the inner peripheral end
of the inner one of the test write zones of kr7h andk,
11th information storage layers (where k' is an integer
that satisfies 1==k' n-3) and the outer peripheral end
of the other outer test write zone than between the
inner peripheral end of the inner one of the test write
zones of (k'+1)th and (k' +3) th information storage
layers and the outer peripheral end of the other outer
test write zone. [0013)Disclosed herein is an
information storage medium having n information
storage layers (where n is an integer that is equal to
or greater than three), on which data can be written
with a laser beam and which are stacked one upon
the other. Each of the n information storage layers
has a test write zone for determining the recording
power of the laser beam.When those n information
storage layers are counted from the one that is
located most distant from the surface of the medium
on which the laser beam is incident, the test write
zone of the third most distant information storage
layer is located closer to the outer edge of the
medium than that of the most distant information
storage layer, which is located closer to that outer
edge than the test write zone of the second most
distant information storage layer is. 



[0014]In one preferred embodiment, n is four.
[0015]Disclosed herein is an information storage
medium having n information storage layers (where n
is an integer that is equal to or greater than four), on
which data can be written with a laser beam and
which are stacked one upon the other. Each of the n
information storage layers has a test write zone for
determining the recording power of the laser beam.
When those n information storage layers are counted
from the one that is located most distant from the
surface of the medium on which the laser beam is
incident, the test write zone of the third most distant
information storage layer is located closer to the outer
edge of the medium than that of the second most
distant information storage layer, which is located
closer to that outer edge than the test write zone of
the fourth most distant information storage layer is.
[0016]Disclosed herein is an information storage
medium  having n information storage layers (where
n is an integer that is equal to or greater than four),
on which data can be written with a laser beam and
which are stacked one Inman the other. Each of the n
information storage layers has a test write zone for
determining the recording power of the laser
beam.When those n information storage layers are
counted from the one that is located most distant
from the surface of the medium on which the laser
beam is incident, the test write zone of the third most
distant information storage layer is located closer to
the outer edge of the medium than that of the most
distant information storage layer, which is located
closer to that outer edge than the test write zone of
the fourth most distant information storage layer is.
[0017]Disclosed herein is an information storage
medium 



haying n information storage layers (where n is an
integer that is equal to or greater than three), on
which data can be written with a laser bean, and
which are stacked one upon the other. Each of the n
information storage layers has a test write zone for
determining the  recording power of the laser beam.
The test write zones are arranged at mutually
different radial locations and each test write zone has
a plurality of sub-areas. When those n information
storage layers are counted from the one that is
located most distant from the surface of the medium
on which the laser beam is incident, 8t
an.informationstorage  layer (where i is an even
number that satisfies 25=i8=n) is scanned with the
laser beam toward the inner edge of the medium but
the sub-areas of its test write zone are used toward
the outer edge of the medium. On the other hand, an
(i-1)55 information storage layer is scanned with the
laser beam toward the outer edge of the medium but
the sub-areas of its test write zone are used toward
the inner edge of the meddum. 



[0018]Disclosed herein is an information reading
device that performs a read operation on an
information storage medium according to any of the
preferred embodiments described above. The
information storage medium has a control area in at
least one of the n information storage layers thereof.
The device performs at least one of the steps of:
retrieving information about the  information storage
medium from the control area; and reading data that
has been written on any of the n information storage
layers with recording power that has been regulated
with the test write zone of that layer.   [0019]
Disclosed herein is an information writing device that
performs a write operation on an information storage
medium according to any of the preferred
embodiments described above. The device
determines the recording power of the laser beam
using the test write zone of one of the n information
storage layers, and writes data on that layer by
irradiating the medium with the laser beam that has
had its recording power determined. [0020]Disclosed
herein is a reading method designed to perform a
read operation on an information storage medium
according to any of the preferred embodiments
described above. The information storage medium
has a control area in at least one of the n information
storage layers thereof. The method includes at least
one of the steps of; retrieving information about the
information storage medium from the control area;
and reading  



data that has been written on any of the n information
storage layers with recording power that has been
regulated with the test write zone of that layer.
[00211Disclosed herein is a writing method designed
to write data on an information storage medium
according to any of the preferred embodiments
described above. The method comprises the steps of:
determining the recording power of the laser beam
using the test write zone of one of the n information
storage layers; and writing data on that layer by
irradiating the medium with the laser beam that has
had its recording power determined.
ADVANTAGEOUS EFFECTS OF INVENTION
[0022]An optical disc according to embodiments of
the present invention has three or more information
storage layers, each of which has a test write zone.
That is why even if those information storage layers
are irradiated with a laser beam at mutually different
intensities or in respectively different thermal
environments, a test write operation can still be
performed on the target information storage layer, on
which a write  PCTT32009/003782 



operation is going to be performed, using its test write
zone under the operating environment of that layer.
Consequently, the best recording power can be
determined for each of those information storage
layers. BRIEF DESCRIPTION OF DRAWINGS f0023]
FIG. 1 is a schematic exploded perspective view
illustrating the makeup of an information storage
medium as a first specific preferred embodiment of
the present invention.         FIG. 2 is a schematic
representation illustrating an arrangement of test
write zones for the information storage medium
shown in FIG. 1.         FIG. 3 is a schematic
representation illustrating the arrangement of test
write zones in an information storage medium as
comparative example.         FIG. 4(a) schematically
illustrates the structure of each of the information
storage layers of the information storage medium
shown in FIG. 1, and FIGS. 4(b) and 4(c) are
schematic representations each illustrating a direction
in  



PCl/W2009/003782 which the test write zone may be
used on each of the information storage layers of the
information storage medium shown in FIG. I.
FIGS. 5(a) and 5(b) are schematic representations
each illustrating an alternative arrangement of test
write zones for the information storage medium of the
first preferred embodiment.       FIG. 6 is a schematic
representation illustrating another alternative
arrangement of test write zones for the information
storage medium of the first preferred embodiment-
FIG. 7 is a schematic representation illustrating how a
deteriorated area on an information storage layer L2
will affect the other information storage layers LO and
Ll.       FIG. 8 is a schematic representation
illustrating another alternative arrangement of test
write zones for the information storage medium of the
first preferred embodiment.       FIG. 9 is a schematic
representation illustrating an arrangement of test
write zones for an information storage medium as a
second preferred embodiment of the present
invention.  



PCT/JP2009/003782         FIG. 10 is a schematic
representation illustrating an alternative arrangement
of test write zones for the information storage
medium of the second preferred embodiment.
FIG. 11 is a schematicrep.resetation illustrating
another alternative arrangement of test write zones
for the information storage medium of the second
preferred embodiment.       FIG. 12 is schematic
representation Illustrating another alternative
arrangement of test write zones for the information
storage medium, of the second preferred
embodiment.        FIG. 13 is a block diagram
illustrating a preferred embodiment of an information
writing device according to the present invention.
FIG. 14 is a schematic representation illustrating the
structure of an informanion storage medium as a
fourth preferred embodiment of the present invention,
FIG. 15 is a schematic representation illustrating the
structure of a single-layer information storage
medium. 



FIG. 16 is a schematic representation illustrating the
structure of a. dual-layer information storage medium.
FIG. 17 is a schematim representation Must tiny- the
PCT/JP2009(003782 structure of a three-layer
information storage medium.         FIG. 18 is a
schematic representation illustrating the structure of a
four-layer information storage medium.         FIG. 19
is a schematic representation illustrating the physical
structure of an information storage medium as a
fourth preferred embodiment of the present ven ion. 



FIGS. 20(a) and 20(b) are schematic representations
each illustrating a laser beam spot and recording
marks on a track.        FIG. 21 is a schematic
representation illustrating how a series of recording
marks on a track is irradiated with a light beam.
FIG. 22 is a graph showing how the OTF changes
with the shortest recording mark.         FIG. 23 is
another graph showing how the OTF changes with
the shortest recording mark. DESCRIPTION OF
EMBODIMENTS (EMBODIMENT 1)
[0024)Hereinafter, a first preferred embodiment of an
information storage medium according to the present
invention 



PCMP2009/003782 will be described with reference
to the accompanying drawings. An information
storage medium according to the present invention
may be either a write-once one or a rewritable one.
[0025] FIG. 1 is a schematic exploded perspective
view illustrating the makeup of an information storage
medium as a first specific preferred embodiment of
the present invention. As mentioned above, an
information storage medium from/on which
information can be read and/or written optically is
generally called an "optical disc-. Thus, the
information storage medium of the present invention
ill also be referred to herein as an "optical disc-. As
used herein"information" refers to character
information, audio information, image or video
information, programs, and various other kinds of
information  that can be stored on an information
storage medium. Any of these pieces of information is
digitized and then written on an information storage
medium or processed by any of various types of
information processors. In general, tha type of
"information" to be processed by a computer is called
"data-. That is why "information" is synonymous
herein with "data". In this description one of these
terms  PCIMP2009/003782 "information" and "data"
wild be selectively used according to general or
conventional usage. For example, an optical disc will
be referred to herein as an "information storage
medium" but the area to store information a "data
area" according to general usage. [0026]As shown in
FIG. 1, the optical disc 01 includes a substrate 110,
information storage layers LO, Li and L2, spacer
layers 111 and 112, and a cover layer 113. The
information storage layers LO, Li and 12 are arranged
between the substrate 110 and the cover layer 113
so that the information storage layer LO is located
closer to the substrate 0 and the information storage
layer L2 is located closer to the cover layer 113. As a
laser beam 200 that has been modulated so as to
represent the n .c> . a on to write irradiates the disc
through the cover layer 113, the information storage
layers LO, Li and L2 are stacked in this order so .0
storage layer LO is located mo distant from the
surface of the cover layer 113 on whioh the laser
beam 200 is incident. The spacer layers 111 and 112
are arrsnged bet-ween the information storage layers
LO and 11 and 



PCT11P20091003782 between the information
storage layers Li and L2, respectively. [0027j The sub
0 he information storage layers LO, Li and L2, the
spacer layers 111 and 112 and the cover layer 113
are stacked one upon the other in the order
desorlbed above and bonded together. And a clamp
hole 114 has been cut through the center of the
optical disc 101 with such a multilayer structure. The
substrate 110, the spacer layers 111 and 112 and the
cover layer 113 may be made of a polycarbonate
resin, for example. [0028]On each of the information
storage layers LO, Li and L2, arranged are concentric
or spiral tracks on which data is written. Also, each of
these information storage layers LO, Li and L2 has a
data area DO, D1 or D2 and a lead-in area RO, R1 or
R2, which Is arranged closer to the inner edge of the
disc than the data area DO, D1 or D2 is. [00291The
data areas DO, D1 and D2 are areas on which user
data will be written. If the optical disc 101 is
awrite-once disc, information may be written only
once on each portion of the data areas DO, D1 and
D2 and can never be rewritten. If the optical disc 101
is a rewritable one, however, the  



PCT/JP2009/003782 Information that has once been
written on the data area DO, D1 or D2 can be
rewritten with any other piece of information after
that. [0030]Each of the lead-in areas RO, R1 and R2
has at least a read-only control area (which is also
called a PIP (permanent information and control data)
area) and a test write zone (which is also called an
SEC (optimum power control) area) on which
information can be written. [0031]The test write zone
is used to regulate the recording power of the laser
beam in writing information on the data area.
Specifically, the test write zone is irradiated with a
laser beam, which has been modulated so as to
represent predetermined information, while varying its
recording power, thereby making recording marks
there. After that, those recording marks left are
irradiated with a laser beam to read the information
stored there and the duality of the information read is
rated, thereby determining the best recording power.
[0032]The test write zone of the lead-in area RO is
used to regulate the recording power of the laser
beam, for writing 



PC-IA[32009/003782 information on the data area
DO of the same information storage layer LO. In the
same way, the test wri zones of the lead-in areas 121
and R2 are used to regulate the recording power of
the laser beam for writing information on the data
areas D1 and D2, respectively, [0033]In th.e control
area, stored are disc information and information
about various recording parameters such as the
power of the irradiating laser beam for writing user
data as recommended by the manufacturer of the
storage medium optical disc). The best recording
parameters for writing information on the information
storage layers LO, Ll and L2 change from one laver
to another. In this preferred embodiment the control
area of each of the lead-in areas RU, R1 and R2 is
supposed to store not only information about the
recording parameters for writing information on the
data area of its own information storage layer but also
information about the recording parameters for writing
information on the other information storage layers.
Specifically, in the control area of the lead-in area
RU, stored is information about the recording
parameters for writing information on the data areas
PCTAW20091003782 DO, Dl and D2 of all of the
three information storage layers LO, Li and L2.
Likewise, the control area of each of the other lead-in
areas RI and R2 also stores information about the
recording parameters for writing information on the
data areas DO, DI and D2 of all hree information
storage layers LO, Li and L2. 



[0034]Thus information about the recording
parameters for all three information storage layers
can be obtained from the control area of any one of
the three information storage layers. That is why
compared to a situation where the control area of
each information storage layer stores only information
about the recording parameters for that information
storage layer, user data can start being written in a
shorter Also, even if a different information storage
layer from the target one has started hei..ng scanned
by mistake due to a disturbance, for example,
information about the recording parameters for the
target information storage layer can also be obtained
by scanning the control area of that wrong
information storage layer. 100331The recording
parameters do not always have to be
PCT3T2009/003782 stored in the control area as
described above. Alternatively, the control area of
each information storage layer may store information
about only the recording parameters for performing a.
write operation on the data area of that layer. In that
case, the amount of the recording parameter
information to be stored  in each control area can be
cut down, and therefore, the size of the control area
can also be reduced. As a. result, even if there are an
increased number of information storage layers and if
the test write zones of those storage layers are
arranged at mutually different radial locations as will
be described later, the control areas can still be
secured more easily. [00361Also, if the optical disc
01 is a write-once type, 



the control area of just one of the multiple information
storage layers thereof may store information about
the recording parameters for writing i. nformation on
the data area of every information storage layer
included in that optical.. disc 101. In that case, the
control area that stores the recording parameter
information about all information storage layers may
be arranged on the information storage layer that
PCT1JP20091003782 is located most distant from
the light incident surface.  [0037]If the optical disc 101
is a write-once disc, information about the recording
parameters for writing information on the data areas
DO, D1 and D2 of the information storage layers LO,
Li and L2 may be stored in only the control area of
the lead-in area RO on the information storage layer
LO, for example. [0038]Furthermore, in that case, the
depth (or the thickness) of the information storage
layer LO as measured from the surface of the cover
layer 113 on which the laser beam 200 is incident
(i.e., the surface of the disc 101) may agree with the
depth of the only information storage layer of a
single-layer optical disc as measured from the disc
surface. Then, an optical disc drive for performing a
read/write operation on an optical disc with a single
information storage layer can also obtain the disc
information of any of the information storage layers
LO, Li and L2 of the optical disc 101. That is to say,
an optical disc drive with a simpler configuration may
be used in that case. 



[0039]Generally speaking, the more distant from the
PCUP2009/003782 optical disc surface an
information storage layer is, the more significantly the
signal read from that layer will deteriorate due to a tilt.
That is why if a given optical disc has multiple
information storage layers, the depth of one of those
information storage layers (i.e., the reference layer)
that is located at the deepest level from the .e.,
closest to the substrate) is preferably approximately
equal to that of the only ,f0 ation storage layer of a 



single-layer optical disc. In that case, if the area of
each of the other information storage layers,
corresponding to the disc information area of that
information storage layer closest to the substrate, has
the same groove structure as the data area, then the
transmittance of the laser beam to that information
storage layer closest to the substrate can he the
same anywhere on the disc Irrespective of the radial
location. Thus, the optical disc drive can have its
configuration simplified, and other layers can be
made more easily, because there is no need to
provide any special detecting means for ret ..eyIng
the disc information from that information storage
layer that is located closest to the substrate.  [0040]2
is a schematic cross-sectional view of the optical disc
101 and illustrates the arrangement of test write
zones in the lead-in areas RO, R1 and R2. In FIG. 2
and other similar drawings, the spacer layers 111 and
112 are not shown. The laser beam 200 is supposed
to come from the structure shown in FIG. 2 and the
outer edge of the disc is located on the right-hand
side as indicated by the arrow shown in Ftc. 2.
[0041] As shown in FIG. 2, test write zones TO, Ti
and T2 are located in thelead-in areas RO, R1 and
R2 of the information storage layers LO, Li and L2,
respectively. These test write zones TO, Ti and T2
are arranged at mutually different radial locations o
as not to overlap with each other at all in the direction
in whi n theseinformation storage layers LO, L1 and
L2 are stacked one upon the other (i.e., as viewed in
the direction, in which the laser beam 200 comes).
[0042]More specifically, in the optical disc 101, the
inner peripheral end TOa of the test write zone TO of
the second innermost information storage layer LO is
located 



closer to the outer edge of the disc than the outer
peripheral  PCT/JP2009/003782 end Tlb of the test
write zone Ti of the innermost information storage
layer Li, and a gap (or an interval) is left between
them so that the test write zones do not overlap with
each other. This gap has a distance that is defined by
the difference between the respective radial locations
of the inner peripheral. end TOa and the outer
peripheral end Tib. Likewise, the inner peripheral end
T2a of the test write zone T2 of the outermost
information storage layer L2 is located closer to the
outer edge of the disc than the outer peripheral: end
TOb of the test write zone TO of the second
innermost information storage layer LO, and a gap
that is defined by the difference between the
respective radial locations of the inner peripheral end
T2a and the outer peripheral end TOb is left between
them. [0043]If the three information storage layers
LO, Li and L2 are counted from the one that is
located most distant from the surface on which the
laser beam 200 is incident, the test write zone T2 of
the third most distant information storage layer L2 is
located closer to the outer edge of the disc than the
test write zone TO of the most distant information
storage 1LO is.And the test write zone TO of the 



information storage layer LO is located closer to that
outer edge than the test write zone Ti of the second
most distant information storage layer L1 is.
[00441Next, it will be described what effect will be
achieved by such an arrangement of the test write
zones TO, Ti and T2. Suppose the test write zones
TO, Ti and T2 are arranged at the same radial
location as shown in FIG. 3 on the information
storage layers LO, Li and L2 unlike this preferred
embodiment. That is to say, suppose the radial
locations of the respective inner peripheral ends T0a,
Tla and T2a of the test write zones TO, Ti and T2
agree with each other, so do those or their outer
peripheral. ends TOb, Tlb and T2b, and therefore, the
test write zones TO, Ti and T2 entirely overlap with
each other. In that case, if the test write zone Ti of the
information storage layer Li were destroyed, then the
transmittance of the laser beam through the test write
zone Ti would decrease so significantly that the laser
beam could not reach the test write zone TO of the
information storage layer LO, which is located more
distant for the laser beam than the  information
storage layer Ll.As a result, the optical disc drive
could not access the test write zone TO of the
information storage layer LO while attempting to
perform a test write operation on it [0045]Also, even if
the test write zone Ti of the information storage layer
Li were not destroyed but had its transmittance varied
significantly as a result of a test write operation that
has been performed with too much frradiation power
on the test write zone Ti on the information storage
layer Li, then the intensity of the laser beam reaching
the information storage layer LO would change
depending on whether a write operation is performed
on the test wrate zone Ti or not. 



[0046]Likewise, if the test wrte zone T2 were
destroyed or if the transme of the laser beam through
the test write zone T2 had changed_ significantly,
then the other test write zones TO and Ti could be
affected. For that reason, according to the
arrangement of the test write zones shown in FIG. 3,
the test write operation could not be performed
properly on the test write zones TO and Ti of the
information  PCT/1P2009/003782 storage layers LO
and Li and the recording power could not be
determined properly for the information storaoe layers
LO and Li, either. [0047jOn the other hand, according
to the arrangement of the test write zones of this
preferred embodiment shown in FIG. 2, the test write
zones TO, Ti and T2 are arranged at mutually
different radial locations, and do not overlap with
each other at all in the direction in which the
information storage layers are stacked one upon the
other. That is why even if the test write zone Ti of the
information  storage layer Li were destroyed, the
laser beam could still reach the test write zone TO of
the information storage layer LO without (or at least
almost without) being affected by the test write zone
Ti destroyed. Consequently, the test write operation
could be performed just as intended on the test write
zone TO of the information storage layer LO and the
recording power could still be determined properly for
the information storage layer LO. Likewise, even if
the test write zone T2 of the information storage layer
L2 were destroyed, the recording powers could still
be determined properly for the information 



PCT1JP20091003782 storage layers LO and Ll.
[0048]Also, for the same reason, even if the
transmittance of the laser beam passing through any
of the test write zones TO, Ti and T2 varied, the laser
beam could still reach the test write zone TO, Ti, T2
of each information storage layer LO, Li, L2.
Consequently, the test write operation could be
performed just as intended on the test write zone TO,
Ti, T2 of each information storage layer LO, Li, L2
and the recording power could still be determined
properly for every information storage layer LO, Li,
L2. [0049]In a rewritable optical disc that utilizes a
phase change of an nfo ation storage layer, even if
amorphous and
crystallinerecordingmarkshavemutuallydifferent
transmittances, the transmittance of the information
storage layer can still be kept unchanged by erasing
the record 



marks after the recording power has been
determined.In a write-once optical disc, on which a
write operation can be performed only once, the
recording film of its information storage layer has
irreversible properties.That is why the arrangement of
the test write zones according to this
KT/11,2009/003782 preferred embodiment can be
used particularly effectively in a writeonce optical
disc, among other things. [0050]Next, it will be
described in which directions the 



test write zones TO, Ti and T2 are used. As indicated
by the arrows in FIG( 2, the tracks are arranged on
the information storage layers LO and L2 so that the
laser beam scans the information storage layers LO
and L2 outward (i.e., from some inner radial location
on the disc toward the outer edge thereof). On the
information storage layer Ll, on the other hand he
tracks are arranged so that the laser beam scan the
information storage layer Ll inward (i.e., from some
cuter radial location on the disc toward the inner edge
thereof.). For example, if the tracks are arranged
spirally, the direction in which those tracks are
arranged spira.liy on the information storage layers
LO and L2 is opposite to the one in which the tracks
are arranged spirally on the information storage layer
Ll. That is why in reading or writing information
from/on the information storage layers LO and Li
continuously, as soon as the last session of a
read/write operation on the information storage layer
LO is done on the  PCT11P20091003782 outermost
pc. on of the data area DO, the first session of a
read/write operation on the information storage layer
L1 can be started from the outermost portion of the
data area D1 with the laser beam spot fixed at the
same radial location. Likewise, as soon as the last
session of a read/write operation on the informatior.
storage layer Li is done on the innermost portion of
the data area D1, the first session of a read/write
operation on the information storage layer L2 can be
started from the innermost portion of the data area
D2 with the laser beam spot fixed at the same radial
location. Thus, information can be read or written
without making the laser beam spot jump all the way
toward the innermost or outermost location on the
optical disc 101 every time the target layers need to
be changed into the next information storage layer.
Nevertheless, if the requirements to be described
later are satisfied, the laser beam spot does not
always have to go in such directions on the
respective layers. [0051]Meanwhile, he test write
zones TO, Ti and T2 are preferably used in opposite
directions to the ones in which the laser beam spot
goes on the respective information storage  



layers.Hereinafter, it will be described exactly in
which directions thei e zones are used. [0052]As
described above, the test write zone arranged in
each of these information storage layers is provided
to determine radiation power of a laser beam for
writing data on the data area of that layer by
performing a test write operation on that area. For
example, test data may be written on the test write
zone a number of times with the irradiation power
increased by 1 mW each time, and then the test data
written may be read to determine what irradiate
power should be adopted to obtain the best read
signal indices such as error rate and jitter. [0053]In
writing test data, the irradiation power may be set, by
reference to the control area, close to a
recommended irradiation power that is stored in the
control area. However, if the actual irrad..Lation
power would be slightly different from the power
setting due to a variation in the sensitivity of the gven
optical disc to the laser beam or the performance of
the optical head of an optical disc drive that performs
a write operation on the optical disc, then such  



an expected deviation could be taken into
account.For example, the test data may be written
with the irradiation power varied at a step of 5%
within a power range that covers JP-20% around the
recommended bower. [0054]Also, instead of adopting
the irradiation bower that optimizes the read signal
indices, a reference va.ue may be set with respect to
the error rate or jitter, and the recording power for
writing user data may be defined to be a power value
that is located approximately at the center of an
irradiation bower range that is equal to or lower than
he reference value. In that case, even if the actual
irradiation power deviated significantly from the
power setting due to a variation in the temperature of
the light source that emits the laser beam while user
data is being written, the user data could still he
written with quality as long as the irradiation power
falls within a range in which the variation is equal to
or smaller than a reference value. Furthermore, even
if the optical disc were somewhat warped, the user
data could still be written accurately as long as the
irradiation bower falls w thin a range in which the
variation in recording bower is  PCT/JP2009/003782
equal to or smaller than a reference value.
[0055]Nevertheless, according to such a technique
for 



determining the recording power, the irradiation
power should be varied significantly in the test write
zone. That is why the test write zone on which data
has been written with high power could possibly
deteriorate. :0056]On a rewritable optical disc, a test
write operation can be performed on the same area a
number of times unless the test write zone
deteriorates as a result of the test operation.That is
why there is no need to pose any restriction on how
to use the test write zone.As for a write-once optical
disc on which data can be written only once,
however, the unrecorded test write zones thereof are
preferably used sequentially from either end, rather
than at random, because test data needs to be
written with the   radiation power varied when the
recording power should be determined as described
above. Also, even in a rewritable optical disc, if the
write performance varied as the write operation is
repeatedly performed thereon an increasing number
of times, the test write zones thereof are also
preferably  



PCT/JP2009/003782 used sequentially from either
end, just like a write-once optical disc. [0057]FIG.
4(a) illustrates an arbitrary one Ln. (where n is 0, 1 or
2) of the information storage layers LO, Li and L2 of
the optical disc 101. As described above, the
information storage layer Ln has a lead-in areain
which there is a test write zone Th. Each of the test
write zones TO, Ti and T2 is given addresses and is
made up of subrarea called "clusters-, which have a
predetermined number of consecutive
addresses.FIGS. 4(h) and 4(c) schematically illustrate
the sub-areas t1, t2, t3, t4, t5 and so on of the test
write zone Tn.For example, one of these sub-areas
may be used every 



time a test write operation Is done as described
above. The test write zone TO, Ti, T2 of each of the
three information storage layers LO, Li and L2
consists of the same number of sub-areas (or
clusters) as the test write zone TO, Ti, T2 of any
other informationo ge layer LO, Li, L2. That Is to say,
the test write zones TO, Ti and T2 have the same
[0058]As shown in FIG. 2, the laser beam scans the
information storage layer LO outward (i.e., from some
inner  PCTkIP2009/CO37S2 radial location toward
the outer edge of the disc). That is why the test write
zone TO thereof has sub-areas tl, t2, t3, t4, t5 and so
on, to which addresses are assigned in the scanning
direction of the laser beam as indicated by the arrows
in FIG. 4(b). In that case, those sub-areas t1, t2, 



t3, t4, t5 and so on are sequentially used inward. That
is to say, the outermost one of the unrecorded
sub-areas t1, t2, t3,  t4, t5 and so on is used first, the
second outermost one nexf, and so forth.In the
example illustrated in FIG. 4(b), the sub-areas are
used in the order of t5, t4, t3, t2 and tl. Nevertheless,
in each of those sub-areas, a test write operationill
pe.formed in the laser beam scanning direction
indicated by the arrows. Likewise, the laser beam
also scans the information storage layer L2 outward,
and therefore, its sub-areas ti, t2, t3, t4, t5 and so on
are used inward in the order of t5, t4, t3, t2 and ti
[0059]On the other hand, the laser beam scans the
information storage layer Li inward (i.e., from some
outer radial location toward the inner edge of the
disc). That is why the test write zone Ti thereof
hassub-areas ti, t2, t3, 



PCT/3P2009/003782 t4, t5 and so on, to which
addresses are assigned in the scanning direction of..
the laser beam as indicated by the arrows in FIG.
4(c). In that case, those sub-areas ti, t2, t3, t4, t5 and
so on are sequentially used outward. That is to say,
the innermost one of the unrecorded sub-areas tl, t2,
t3, t4, t5 and so on is used first,  the second
innermost one next, and so forth. In the example
illustrated in FIG. 4(c), the sub-areas are used in the
order of t5, t4, t3, t2 and U. [0060] In this manner, the
sub-areas of each test write zone are used in the
opposite direction to the laser beam scanning
direction (i.e., the direction in which the light beam
spot goes). Thus, even if any sub-area of the test
write zone were destroyed with too intense irradiation
power during a test write operation to make it difficult
for the light beam spot to follow the track there, the
area where the test write operation should be  formed
could still he reached - out passing the destroyed
sub-area because the test write zone is used in the
opposite direction to the light beam spot traveling. For
example, even if the sub-area 5 of the test write zone
TO of the information storage layer LO has been
PCIIIP2009/003782 destroyed with intense irradiation
power during the last test write operation, the
addresses of the remaining unrecorded test write
zones tl, t2, t3 and t4 can still be detected
sequentially, and the outermost unused sub-area t4
can be detected, during the next test write operation.
[0061)Also, as can be seen from FIG. 2, when the
test write zones of the respective information storage
layers are used, any pair of adjacent test write zones
are used from their farthest ends in mutually opposite
directions. For example, the test write zone TO of the
information storage layer 1,0 starts to be used from a
sub-area on its outer peripheral end TOb, while the
test write zone Ti of the information storage layer Li
starts to be used from a sub-area on its inner
peripheral end Tla, That is why when the test write
operation has been performed still a relatively small
numbed of times, the recording power can be
determined with the influence of the other layers
further educed. 



[0062]As described above, an optical disc according
to this preferred embodiment has three or more
information storage layers each of whdch has a test
write zone. That is  PCT/P2009/003782 why even if
those information storage layers that are stacked one
upon the other are irradiated with a laser beam at
mutually different intensities or in respectively
different thermal environments, a test write operation
can still be performed on the target information
storage layer, on which a write operation is going to
be performed, using its test write zone under the
operating environment of that layer. Consequently,
the best recording power can be determined for each
of those information storage layers. [0063]In addition,
those information storage layers are arranged at
mutually different radial locations so as not to overlap
with each other in the stacking direction. For that
reason, the test write operation can be performed just
as intended on each information storage layer either
without being affected by the wg status on the test
write zone of 



any other information storage layer or at least with
such influence minimized- As a result, the recording
power can be determined properly for each
information storage layer.  [0064]What is more, in a
situation where the test write zone of each inforrtion
storage layer is used in the opposite
PCT/W2009/003782 direction to the laser beam that
is scanning the information storage layer now, even if
any part of the test write zone were destroyed with
intense irradiation power, the rest of the test write zo
could still be used appropriately. On top of that, the
recording power can also be determined properly for
each information storage layer without being affected
by any other layer. [0065]Hereinafter, a. more
preferred arrangement  of the test write zones TO, Ti
and T2 will be described reference to FIG. 2. 



[0066]Generally speaking, when the information
storage layer LO needs to be irradiated with a laser
beam, the laser beam should pass through the
information storage layers Ll and L2. And to irradiate
the information storage layer Ll with a laser beam, the
laser beam should also pass through the information
storage layer L2.That is why the Information storage
layer L2 needs to have the highest transmittance with
respect to a laser beam, and the transmittances of
the other information storage layers Li and LO will.
decrease in order.  [0067]To design information
storage layers efficiently, if an optical disc with two
information storage layers has already been
developed, it is preferred that those two information
storage layers available be used as the information
storage layers LO and Li and that only an information
storage layer with high transmittance be newly
developed as the information storage laver L2.
[0068]However, the information storage layer L2
should 



have high transmittance, and therefore, can be
designed much less flexibly. As a result, the write
performance of the information storage layer L2
would deteriorate more easily due to a slight variation
in a writing condition such as the recording power
compared to the information storage layers LO and
Ll. The same statenent also applies to the information
storage layers Li and LO. That is to say, in general,
the higher the transmittance of a given information
storage layer, the less flexibly that layer can be
designed and the more easily its write performance
will deteriorate due to even a slight variation in a g
condition such as the recording power.  [0069]For
example, if the information storage layer L2 is
irradiated with a laser beam, part of the laser beam is
transmitted through the information storage layer L2
and then reflected back from the information storage
layer L1 toward the information storage layer L2. In
that case, if the test write zone Ti of the information
storage layer Li were destroyed or deteriorated, the
reflectance of the test write zone Ti would vary
significantly.Therefore, the intens of the laser beam
would vary due to t.he light reflected back from the
test write zone Ti toward the information storage layer
L2 and stray light. That is why if the test write zones
Ti and T2 were arranged close to each other, then
the variation in the intensity of the laser beam
reflected back from the test write zone Ti toward the
information storage laver L2 would be sup posed as
noise on the laser beam reflected from the test write
zone Ti. As a result, a test write operation could not
be performed appropriately on the test write zone T2
and the recording power could not be determined
properly for the information storage layer L2. [0070]In
view of this consideration, in the optical disc
PCT/1P2009/003782 



101 of this preferred embodiment the radial gap
between the test write zones of two
adjacent.nformation storage layers that are located
closer to the laser beam incident surface is preferably
wider than the gap between those of two adjacent
information storage layers that are located more
distant from the laser beam incident surface.
Specifically, the radial gap between the test write
zones T2 and Ti of two adjacent information storage
layers L2 and Li (i.e., the interval between T2a and
Tlb) that are located closer to the surface on which
the laser beam 200 is incident is preferably wider
than the gap between the test write zones Ti and TO
of two adjacent information storage layers Li and LO
the interval between TOa and Tlb) that are located
more distant from the laser beam incident surface.
[0071]Specifically, if the information storage layers
LO, Li and L2 are counted from the one that is
located most distant from the surface on which the
laser beam 200 is incident, the radial location
difference (T2a-T1b) between the outer peripheral
end Tlb of the inner one Ti of the test write zones Ti
and T2 of the second and third most distant
PCL411)2009/003782 information storage layers LI
and L2 and the inner peripheral end T2a of the other
outer test write zone T2 is preferably bigger than the
radial location difference (T0a-Tib) between the outer
peripheral end Tlb of the inner one Ti of the test write
zones TO and Ti of the most distant and second most
distant information storage layers LO and Li and the
inner peripheral end TOa of the other outer test write
zone TO.  f00721According to such an arrangement
of test write zones a wider gap is left between a pair
of information storage layers that would be affected
more signi cantly by 



light reflecte from an adjacent .information storage
layer, thus reducing the influence of the light reflected
from an adjacent information storage layer. As a
result, a test write operation can be performed
appropriately on the test write zone of each
information storage layer and the recording power
can be determined properly for the information
storage layer. In addition, a narrower gap is left
between a pair of information storage layers that
would be affected less significantly by the light
reflected from an adjacent information storage layer.
Then, the gap between the PCTLIP2009/003782
information storage layers will not be unnecessarily
wide and the lead-in areas can be used more
effectively. On top of that, as there is no need to
expand the lead-in area, a sufficiently wide data area
can be secured as well. [0073]Optionally, in a
situation where the gap between the test write
zonesof each pair of adjacent information storage
layers is defined as described above, the test write
zones TO and Ti of the information storage layers LO
and Li may he arranged at the same locations as the
counterparts of the two information storage flyers of a
conventional dual-layer optical disc. In that case,
even a conventional optical disc drive can also
perform a test write operation on the test write zones
TO and T1 of the optical disc 101 of this preferred
embodiment only by making a relatively simple
change on the sequence. [0074]Such an
arrangement of test write zones can be used
effectively in a write-once optical disc on which user
data can be written only once. However, even if such
an arrangement of test write zones is adopted for a
rewritajole optical disc with at least three information
storage layers,  



?CT/1132009/003782 on which data can be written
optically, the recording power can also be determined
properly for each information storage layer without
being affected by any adjacent information storage
layer. (0075]Specifically, as for a rewritaoie optical
disc, the test write zones TO, Ti and T2 of the
.information storage layers LO, Li and L2 may be
arranged as shown in FIGS. 5(a) and 5(b). [0076]The
arrangement of the test writones TO, Ti and T2 in the
optical disc 102 shown in FIG. 5(a) is the same as the
one shown in FIG. 2. As for a rewritable optical disc,
however, the test write zones TO, Ti and T2 may be
used in any direction. This is because in a rewritahie
optical disc, the transmittance of the test write zone
TO can be unchanged if the recording marks left by
performing a test write operation are erased. Also, in
a rewritable optical disc, any a b sub-areas of the test
write zones TO, Ti and T2 can be accessed at
random. [0077]Alternatively, in a rewritable optical
disc, the 



test write zones TO, Ti and T2 may also be arranged
as in the  optical disc 102' shown in FIG. 5(b).In that
case, the test write zone T2 of the information
storage layer L2 is arranged closest to the inner edge
of the disc, while the test write zone Ti of the
information storage layer L1 is arranged closest to
the outer edge thereof. And the test write zone TO of
the information storage layer LO is arranged closer to
the outer edge than the test write zone T2 of the
information storage layer L2 is, but closer to the inner
edge than the test write zone Ti of the information
storage layer L1 is. [0078]Specifically, if the
information storage layers are counted from the one
that is located most distant from the surface on which
the laser beam 200 is incident, the radial location.
difference (Gla-T2b) between the outer peripheral
end T2b of the inner one T2 of the test write zones Ti
and T2 of the second and third most distant
information storage layers Li and L2 and the inner
peripheral end Tla of the other outer test write zone Ti
is preferably bigger than the radial location difference
(Ila-T0b) between the outer peripheral end TOb of the
inner one TO of the test write zones TO and Ti of the
most distant and second most distant
PCT/IP2009/003782 



information storage layers LO and Li and the inner
peripheral end Tla of the outer test write zone Ti
thereof. [0079]In the preferred embodiment described
above, the  three test write zones TO, Ti and T2 are
arranged at mutually different radial locations so as
not to overlap with each other. However, if the light
reflected from the information storage layer Li affects
a little the information storage layer L2 and if the light
transmitted ough the information storage layer L2
affects a little the information storage layer Li, then
the radial gap between the test write zones TO and
T2 of the information storage layers LO and L2 in the
optical disc 103 shown in FIG. 6 nay be narrower
than in the arrangement of the test write zones shown
in FIG. 2. [0000]Snecifically, FIG. 6 illustrates an
arrangement of test write zones in a situation where
there is the narrowest (i.e., zero) radial gap between
the test write zones TO and T2. Thus, the inner and
outer peripheral ends T2a and T2b of the test write
zone T2 are per-e Lly aligned with the inner and outer
peripheral ends TOa and TOb of the test write zone
TO, and the test write zones T2 and TO entirely
overlap with  PCIAP2009/003782 each other.
However, the test write zone T2 may also overlap
only partially with the test write zone TO. 



[0081]That is to say, the test write zone of the
information storage layer that is located closer to the
surface on which the laser beam 200 is incident may
be arranged in the vici.n.ity of that of the information
storage layer that is located more distant from the
laser beam incident surface. Specifically, if the three
information storage layers LO, L1 and L2 are counted
from the one that is located most distant irom the
surface on which the laser beam. 200 is incident the
radial location difference between the inner peripheral
end Tla of the inner one Ti of the test write zones TO
and Ti of the most distant and second most distant
information storage layers LO and Li and the outer
peripheral end TOb of the other outer test write zone
TO is preferably bigger than the radial location
difference between the inner peripheral end TOa or
the inner one TO of the test write zones TO and T2 of
the most distant and third most distant information
storage layers LO and L2 and the outer peripheral
end T2b of the other outer test write zone T2.
[0082]FIG. 7 is a schematic representation illustrating
how a deteriorated area on the information storage
layer L2 would affect the other information storage
layers LO and Ll. Suppose sub-areas included in the
test write zone T2 of the information storage layer L2
have been destroyed due to intense irradiation power
to form deteriorated areas 130 and 131. Although the
deteriorated areas 130 and 131 have the same size,
the ratio of he deteriorated area 131 to the spot of the
laser beam 200' left on the information storage layer
L2 before being focused on he i.. formation storage
layer LO is smaller than that of the deteriorated area
130 to the spot of the laser beam 200 left on the
information storage layer L2 before being focused on
the information storage layer Ll. That is why if the
sub-areas included in the test write zone T2 have
been destroyed, the information storage layer LO will
be affected to a lesser degree than the information
storage layer Li. For that reason, the radial gap
between the test write zones TO and T2 of the
information storage layers LO and L2 can he as
narrow as in the arrangement of the test write zones
shown in FIG. 6. As a result, with the influence of
PC111F2009/00.3781 another information storage
layer on the test write zone minimized, a test write
operation can be performed appropriately on each
test write zone and the recording power can be
determined properly for each information storage
layer. In addition, the lead-in area can be reduced
and a sufficiently wide data area can be secured. 



[0083]In the preferred embodiment shownFIG. 2, the
radial gap between the test write zones Ti and T2 of
two adjacent information storage layers L1 and L2 (
e., the interval between T2a and Tib) that are located
closer to the surface on which the laser beam 200 is
incident is defined to be wider than the radial gap
between the test write zones TO and Ti of two
adjacent information storage layers LO and Li (i.e.,
the interval between TOa and Tib) that are located
more distant from the laser beam Incident surface.
However, if there is a narrower gap in the thickness
direction between the s insor iostorage layers LO and
Li than between the information storage layers Li and
L2 (i.e., if the spacer layer 111 is less thick than the
spacer layer 112 as shown in FIG. 1), then the
influence would be more significant between  



PC'F/JP20091003782 the information storage layers
LO and Li than between the information storage
layers Li and L2. In that case, the radial gap between
the test write zones Ti and T2 of the information
storage layers Li and L2 that are located closer to the
incident surface may be narrower than the radial gap
between the test write zones TO and Ti of the
information storage layers LO and Li that are located
more distant from the incident surface as in the
optical disc 104 shown in FIG. 8. [0081]Particularly if
the radial. gap (or interval) between the test write
zones Ti and T2 of two adjacent information storage
layers Li and L2 that are located closer to the laser
beam incident surface is reduced to a limit to make
the lead-in areas as small as possible, then the
radial. gap between the test rite zones TO and Ti of
two adjacent information storage layers LO and Li
that are located more distant from the laser beam
incident surface is preferably greater than the radial
gap (interval) between the test write zones Ti and T2
of two adjacent  information storage layers Li and L2
that are located closer to the laser beam incident
surface as in this preferred  PCIM32009/003782
embodiment.Then, the recording power can be
determined properly with the influence of the light
reflected from the information storage layer Li
reduced_ 



[0085]In the preferred embodiment described above,
the optical disc 101 is supposed to have three
information storage layers. However, the present
invention is also applicable to an optical disc with four
or more information storage layers. In that case,
among those four or more information storage layers
LO, Li, L2, etc., the information storage layer that is
located most distant from the laser beam incident
surface is preferably the layer LO, the information
storage layer adjacent to the layer LO is layer Li, and
so forth. (EMBODIMENT 2) [0086]Hereinafter, a
second preferred embodiment of an information
storage medium according to the present invention
be described with reference to the accompanying
drawings. The inform.ation storage medium of this
preferred embodiment is also either a write-once type
or a rewritable type. The optical disc of the second
preferred embodiment further  includes an additional
information storage layer L3, i.e., has four information
storage layers overall, unlike the optical disc 101 of
the first preferred embodiment described above. That
is to say, in the structure of the optical disc 101
shown in FIG. 1, the information storage layer L3 is
added between the information storage layer L2 and
the cover layer 113 and another spacer layer is
inserted between the information storage layers L3
and L2. 



[0087]FIG. 9 is a schematic cross-sectional view of
an optical disc 105 as a second preferred
embodiment of the present invention. No spacer
layers are shown as in FIG. 2. As shown in FIG. 9, a
lead-in area R3 is arranged in an inner portion of the
information storage layer L3 that has been added to
the structure of the optical disc 101 and there is a test
write zone T3 in the lead-in area R3. [0088]As shown
in FIG. 9, test write zones TO, Ti, T2, T3 are located
in the lead-in areas RO, R1, R2 and R3 of the
information storage layers LO, Li, L2 and L3,
respectively. These test write zones TO, Ti, T2 and
T3 are arranged at mutually different radial locations
so as not to overlap with  each other at all in the
direction in which these information storage layers
LO, Li, L2 and L3 are stacked one upon the other
(i.e., as viewed in the direction in which the laser
beam 200 comes). [0089]More specifically, in the
optical disc 105, the inner PP _ .era end Tla of the
test write zone Ti of the second innermost information
storage layer Li is located closer to the outer edge of
the disc than the outer peripheral end T3b of the test
write zone T3 of the innermost information storage
layer L3, and a gap (or an interval) is left between
them so that the test write zones do not overlap with
each other. This gap has a distance that is defined by
the difference between the respective radial locations
of the inner peripheral end Tla and the outer
peripheral end T3b. 



[0090]Likewise, the inner peripheral end TOa of the
test write zone TO of the third innermost information
storage layer LO is located closer to the outer edge of
the disc than the outer peripheral end Tlb of the test
write zone Ti of the second innermost information
storage layer Li, and a gap that is defined by the
difference between the respective radial
PCT/JP20098003782 locations of the inner peripheral
end TOa and the outer peripheral end Tlb is left
between them. [0091]Also, the inner peripheral end
T2a of the test write zone T2 of the outermost
information storage layer L2 is located closer to the
outer edge of the disc than the outer peripheral end
TOb of the test write zone TO of the third innermost
information storage layer LO, and a gap that is
defined by the difference between the respective
radial locations of the inner peripheral end T2a and
the outer peripheral end TOb is left between [0092]If
the four information storage Layers LO, Li, L2 



and L3 are counted from the one that is located most
distant from the surface on which the laser beam 200
is incident, the test write zone T2 of the third most
distant information storage laver L2 is located closer
to the outer edge of the disc than the test write zone
TO of the most distant information storage layer LO
is. And the test write zone TO of he information
storage laver LO is located closer to that outer edge
than the test write zone Ti of the second most distant
information storage layer Ll is.  [0093]Also, the test
write zone T2 of the information storage layer L2 is
located closer to the outer edge of the disc than the
test write zone of the information storage layer Li is,
And the test write zone Ti of the information storage
layer Li is located closer to that outer edge than the
test write zone T3 of the fourth most distant
information storage layer L3 is. [0094]Furthermore,
the test write zone T2 of the third most distant
information storage laver L2 is located closer to the
outer edge of the disc than the test write zone TO of
the information storage layer LO is. And the test write
zone TO of the information storage layer LO is
located close that outer edge than the test write zone
T3 of information storage layer L3 is. [0095]As in the
first preferred embodiment described 



above, according to the arrangement of the test write
zones of this preferred embodiment shown in FIG. 9,
the test write zones TO, Tl, T2 and T3 are arranged
at mutually different radial locations, and do not
overlap with each other at all in the direction in which
the information storage layers are  stacked one upon
the other.That is why even if the test write zone Ti of
the information sto ge layer Li were destroyed, the
laser beam could still reach the test write zone TO of
the information storage layer LO without (or at least
almost without) being affected by the test write zone
Ti destroyed. Consequently, a test write operation
could be PT ormed just as intended on the test write
zone TO of the information storage layer LO and the
recording power could still be determined properly for
the information storage layer LO. Likewise, even if
the test write zone T2 or T3 of the information storage
layer L2 or L3 were destroyed, the recording powers
could still be determined properly for the information
storage layers LO, Li and L2. [0096)Also, for the
same reason, even if the transmittance of the laser
beam passing through any of the test w.lte zones TO,
Ti, T2 and T3 varied, the laser beam could still reach
the test write zone TO, Ti, T2, T3 or each information
storage layer LO, Li, L2, L3. Consequently, a test
write operation could be performed just as intended
on the test write zone TO, Ti, T2, T3 of each
information storage layer LO, Li, L2, L3
PCT/IP2009/003782 



and the recording power could still be determined
properly for every informaticn storage layer LO, Li,
L2, L3, [0097]Next, it will be described in which
directions the test write zones TO, Ti, T2 and T3 are
used. As indicated by the arrows in FIG. 9, the tracks
are arranged on the information storage layers LO
and L2 so that the laser beam scans the information
storage layers LO and L2 outward (i.e., from some
inner radial location on the disc toward the outer edge
thereof). On the information storage layers Li and L3,
on the other hand, the tracks are arranged so that the
laser beam scans the information storage layers Li
and L3 inward (i.e., from some outer radial location
on the disc toward the inner edge thereof). Thus, as
in the first preferred embodiment described above,
information can be read or written without making the
laser beam spot jump all the way toward the
innermost or outermost location on the optical disc
105 every time the target layers need to be changed
into the next information storage layer.
[00981Meanwhile, as in the first preferred
embodiment described above, the test write zones
TO, Ti, T2 and T3 are  PCTL]1P2009/003782
preferably used in opposite directions to the ones in
which the laser beam spot goes on the respective
information storage layers. Thus, as already
described for the first preferred embodiment, even if
any sub-area of the test write zone were destroyed
with too intense irradiation power during a test write
operation to make it difficult for the light beam spot to
follow the track there, the area where the test write
operation should be performed could still be reached
without passing the destroyed_ sub-area because the
test write zone is used in the opposite direction to the
light beam spot traveling. Also, when the test write
operation has been performed still a relatively small
number of times, the recording power can be
determined properly with the influence of the other
layers further reduced. 



600991In the preferred embodiment described
above, the optical diso 105 is supposed to have four
information storage layers However, the present
invention can also be used effectively even in an
optical disc with more than four information storage
layers. In that case, if there are n information storage
layers (where n is an integer that is
PCT3P20091003782 equal to or greater that three)
and if those n information storage layers are counted
from the one that is located most distant from the
laser beam incident surface, an it'll information
storage layer (where i is an even number that
satisfies 2 n) is scanned with the laser beam toward
the inner edge of the disc but the sub-areas of its test
write zone are used toward the outer edge of the
disc. On the other hand, an (isi)th information storage
layer is scanned with the laser beam toward the dater
edge of the disc out the sub-areas of its test write
zone are used toward the inner edge of the disc.
[0100]As described above, an optical disc according
to this preferred embodiment has three or more
information storage layers each of which has a test
write zone. That is why even if those information
storage layers that are stacked one upon the other
are irradiated with a laser beam at mutually different
intensities or in respectively different thermal
environments, a test write operation can still be
performed on the target information storage layer, on
which a write operation is going to be performed,
using its test write  



PCMP2009/003782 zone under the operating env
onmenof that lay Consequently, the best recording
power can be determined for each of those
information storage layers. [0101]In addition, those
information storage layers are arranged at mutually
different radial locations so as not to overlap with
each other in the stacking direction- For that reason,
the test write operation can be performed just as
intended on each information storage layer either
without being affected by the writing status on the test
write zone of any other information storage layer or at
i.east with such influence minimized. As a result, the
recording power can be determined properly for each
information storage layer. [0102]What is more, in a
situation where the teat write zone of each
information storage layer is used in the opposite
direction to the laser beamthat is scanning the
information storage layer now, even if any part of the
test write zone were destroyed with intense irradiation
power, the rest of the test write zone could still be
used appropriately. On top of that, the recording
power can also be determined properly for each
information storage layer without being affected by
any  



PCV3P2009/003782 other layer. [0103]As in the first
preferred embodiment described above, there is a
more preferred arrangement of the test write zones
TO, Ti, T2 and T3. Hereinafter, such an arrangement
will be described with reference to FIG. 9.
[0104]Generally speaking, when the information
storage layer LO needs to be irradiated with a laser
beam, the laser beam should pass through the
information storage layers Li, L2 and L3. And to
irradiate the information storage layer L2 with a laser
beam, the laser beam should also pass through the
information storage layer L3 That is why the
information storage layer L3 needs to have the
highest transmittance with respect to a laser beam,
and the transmittances of the other information
storage layers L2, Li and LO will decrease in this
order. [0105]To design information storage layers
efficiently if an optical disc with three information
storage layers has 



already been developed, it preferred that those three
information storage layers available be used as the
information storage layers LO, Li and L2 and that only
an  PCT/M2009/003782 



information storage layer with high transmittance be
newly developed as the information storage layer L3,
[0106]However, the information storage layer L3
should have high transmittance, and therefore, can
be designed much less flexibly. As a result, the write
performance of the information storage layer L3
would deteriorate more easily due to a slight variation
in a writing condition such as the recording power
compared to the information storage layers LO, Ll
and L2. The same statement also applies to between
the information storage layers L2 and Li and between
the information storage lavers Li and LO. That is to
say, in general, the higher the transmittance of a
given information storage layer, the less flexibly that
layer can be designed and the more easily its write
performance will deteriorate due to even a slight
variation in a writing pond on such as the recording
power. [0107]For example, if the information storage
layer L3 is irradiated with a laser beam, part of the
laser beam is transmitted through the information
storage layer L3 and then reflected back from the
information storage layer L2 toward  



the information storage layer L3. In that case, if the
test write zone T2 of the information storage layer L2
were destroyed or deteriorated, the reflectance of the
test wnte zone T2 would vary significantly.Therefore,
the intensity of the laser beam would vary due to the
light reflected back from the test write zone T2 toward
the information storage layer L3 and stray light. That
is why if the test write zones T2 and T3 were
arranged close to each other, then the variation in the
intensity of the laser beam reflected back from the
test write zone T2 toward the information storage
layer L3 would be superposed as noise on the laser
beam reflected from the test write zone T2. As a
result, a test write operation could not be performed
appropriately on the test write zone T3 and the
recording power could not be determined properly for
the information storage layer L3. [8108]In view of this
consideration, in the optical disc 105 of this preferred
embodiment, the radial gap between the test write
zones of two adjacent information storage layers that
are located closer to the laser beam incident surface
is preferably wider than the gap between those of two
adjacent  PCTLIP2009/003782 information storage
layers that are located more distant from the laser
beam incident surface. Specifically, the radial gap
between the test write zones T2 and Ti of two
adjacent information storage layers L2 and Li e., the
gap between T2a and Tib) that are located closer to
the surface on which the laser beam. 200 is incident
is preferably wider than the gap between the test
write zones Ti and TO of two adjacent information
storage layers L1 and LO (i.e., the gap between TOa
and Tab) that are located more distant from the laser
beam incident surface. [0109]Alsohe radial gap
between the test write zones T3 



and T2 of two adjacent information storage layers L3
and L2 (i.e the gap between T2a and T3b) that are
located closer to the surface on which the laser beam
200 is incident is preferably wider than the gap
between the test write zones Ti and TO of two
adjacent information storage layers Li and LO
the gap between TOa and rib) that are located more
distant from the laser beam incident surface or the
gap between the test write zones T2 and Ti of two
adjacent information storage layers L2 and Li (i.e.,
the gap between  T2a and 21b). [0110]Specifically, if
those information storage layers LO, Li, L2 and L3
are counted from the one that is located most distant
from the surface of the disc on which the laser beam
200 Is incident, the radial location difference between
the outer peripheral end of the inner one of the test
write zones of irh and (i+l)th information storage
layers (where is an integer that satisfies 2i1Z-3) and
the inner peripheral end of the other outer test write
zone is preferably wider than the radial location
difference between the outer peripheral end of the
inner one of the test write zones of jth and (j+l)th
information storage layers (where j is an integer that
satisfies 1-)-1) and the inner peripheral end of the
other outer test write zone. [0111]In the preferred
embodiment described above, the optical disc 105 is
supposed to have four information storage layers.
However, the present invention can also be used
effectively in an optical disc with more than four
information storage layers. In that case, the relations
described above are satisfied if n is the number of
information storage layers 



PCI1JP2009/003782 included in the optical disc and
is an integer that is equal to or greater than three and
if i is an eger that satisfies 2=Cia=n-1.
[0112]According to such an arrangement of test write
zones, a wider gap is left between a pair of
information storage layers that would be affected
more significantly by the light reflected from an
adjacent information storage layer, thus reducing the
influence of the light reflected from an adjacent
information storage layer. As a result, a test write
operation can be performed appropriately on the test
write zone of each information storage layer and the
recording power can be determined properly for the
information storage layer. In addition, a narrower gap
is left between a pair of information storage layers
that would be affected less significantly by the light
reflected from an adjacent information storage layer.
Then, the gap between the information storage layers
will not e unnecessarily wide and the lead-in areas
can be used more effectively. On top of that, as there
is no need to expand the lead-in area, a sufficiently
wide data area can be secured as well.
[0113]Optionally, in a situation where the gap
between the test write zones of each pair of adjacent
information storage layers is defined as described
above, the test write zones TO and Ti of the
information storage layers LO and Li may be
arranged at the same locations as the counterparts of
the two information storage layers of a conventional
dual-layer optical disc. In that case, even a
conventional optical disc drive can also perform, a
test write operation on the test write zones TO and Ti
of the optical disc 101 of this preferred embodiment
only by making a relatively simple change on the
sequence. 



[0114]In the preferred embodiment described above,
the four test write zones TO, Ti, T2 and T3 are
arranged at mutually different radial locations so as
not to overlap with each other. However, as already
described with reference to FIG. 7, if the light
reflected from the information storage layer L2 affects
a little the information storage layer L3, if the light
transmitted through the ntorma o storage layer L3
affects a little the information storage layer L2 or L1,
and If the light transmitted through the information
storage layer  L2 affects a little the information
storage layer LO, then the radial gap between the
test write zones TO and T2 of the information storage
layers LO and L2 and the radial gap between the test
write zones Ti and T3 of the information storage
layers Li and L3 in the optical disc 106 shown in FIG.
10 may be shorter than in the arrangement of the test
write zones shown in FIG. 9. [0115]Specifically, FIG.
10 illustrates an arrangement of test write zones in a
situation where there is a zero radial gap etween the
test write zones TO and T2 and between the test e
zones Ti and T3. Thus, the inner and outer peripheral
ends T2a and T2b of the test write zone T2 are
perfectly aligned with the inner and outer peripheral
ends TOa and TOb of the test write zone TO, and the
est write zones T2 and TO entirely overlap with each
other. In addition, the inner and outer peripheral ends
T3a and T3b of the test write zone T3 are perfectly
aligned with the inner and outer peripheral ends Tla
and Tlb of the test write zone Ti, and the test write
zones T3 and Ti entirely overlap with each other.
However, the test write zone T2 may also overlap
with the test  PCT0P10091003781 



write zone TO only partially and the test write zone
T3 may also overwith the test write zone Ti only
partially. [0116] That is to say, the test write zone of
the information storage layer that is located closer to
the surface on which the laser beam 200 is Incident
may be arranged in the vicinity of that of the
information storage layer that is located more distant
from the laser beam incident surface. Specifically, if
the four information storage layers LO, Li, L2 and L3
are counted from the one that is located most distant
from he surface on which the laser beam 200 is
incident, the radial location difference between the ins
er peripheral end of the inner one of the test write
zones of the k5 and (k+1)5h information storage
layers (where k is an integer that satisfies 1==k1+:2)
and the outer peripheral end of the other outer
test-write zone is may be greater than the radial
location difference between the inner peripheral end
of the inner one of the test write ones of the kth and
(k+2)th [formation storage layers and the outer
peripheral end of the other cater test write zone.
[0117]Also, the radial location difference between the
PCIAP20091003782 inner peripheral end T1a of the
inner one Ti of the test write zones Ti and T2 of the
information storage layers Li and L2 and the outer
peripheral end T2b of the other outer test e zone T2
may be greater than the radial locatio difference
between the Inner peripheral end T3a of the inner
one T3 of the test write zones Ti and T3 of the
information storage layers Li and L3 and the outer
peripheral end Tlb of the other outer test write zone
Ti. [0 8]In the preferred embodiment described
above, the optical disc 105 is supposed to have four
information storage layers. However, the present
invention can also be used effectively in an optical
disc with more than four informatien storage layers. In
that case, the former relation described above is
satisfied if n is the number of information storage
layers included in the optical disc and is an integer
that is equal to or greater than three and if k is an
integer that satisfies 1==k11-2. 



[0119]On the other hand, according to the latter
relation, the radial location difference between the
inner peripheral.. end of the inner one of the test write
zones of yth and  PCT/22009/003782 (k11-1)th
information storage layers (where k' is an integer that
satisfies 1k' n-3) and the outer peripheral end of the
other outer test write zone is preferably greater than
the radial location difference between the inner
peripheral end of the inner one of the test write zones
of (M+1)th and (k'+3)th ation storage layers and the
outer periphera end of the other outer test write zone.
[0120]As a result, with the influence of another
information storage layer on the test write zone
minimized, a test write operation can be performed
appropriately on each test write zone and the
recording Dower can be determined properly for each
information storage layer. In additio.n, the lead-in
area can be reduced and a sufficiently wide data area
can be secured. 



[0121]Optionally, if the light transmitted through the
information storage layer L3 affects a little the
information storage layer L1, then the radial gap
between the test writ zones Ti and T3 of the
information storage layers Li and L3 may be reduced
as in the optical disc 107 shown in FIG. 11. Although
an example im which there is no radial gap between
PCDJP2009/003782 the test write zones Ti and T3 is
illustrated in FIG. 11, the test write zone T3 may also
be arranged so as to partially overlap with the test
write zone Ti. Then, the lead-in area can also be
reduced and a sufficiently wide data area can also be
secured. [0122]Also,if the light transmitted through
the information storage layer L3 affects a little the
information storage layer LO or L2 and if the light
reflected from the information torage layer L2 affects
a little the information storage layer L3, then the
radial gap between the test write zones TO and T3 of
the information storage layers LO and L3 and the
radial gap between the test write zones T3 and T2
may be reduced as in the optical disc 108 shown in
FIG. 12. Although an example in which there is no
radial gap between the test write zones TO and T3 is
illustrated in FIG. 12, the test write zone T3 may also
be arranged so as to partially overlap with the test
write zone TO. Then, the lead-in area can also be
reduced and a sufficiently wide data area can also be
secured. [0123]in the first and second preferred
embodiments, the 



PCT/JP2009(003782 optical disc of the present
invention has been described as having three or four
information storage layers. However, the present
invention is in no way limited to those specific
preferred embodiments. Alternatively, an optical disc
according to the present invention may also have five
or more information storage layers. (EMBODIMENT
3) [0124]Hereinafter, preferred embodiments of an
information writing device, an information reading
device, a writing method and a reading method
according to the present invention will be described
with reference to the accompanying drawings. FIG.
13 is a block diagram illustrating an information
writing device 300 as a third preferred embodiment of
the present invention. The information writing device
300 can read and write data and includes a spindle
motor 302, an optical head 303, a 1 ght beam control
section 304, a servo section 305, a read signal
binarizing section 306, a digital signal processing
section 307, a write compensating section 308 and a
CPU 309.  [0125]The optical disc 301 may be what
has already been 



described as the first or second preferred
embodiment of the present Invention. In this preferred
embodiment, he optical disc 101 of the first preferred
embodiment is used as the optical disc 301. The
spindle motor 302 rotates the optical disc 301 at a
predetermined velocity. The optical head 303
irradiates the optical disc 301 with a light beam and
also converts the light beam that has been reflected
from the optimal disc 301 into an electrical signal and
outputs it as a read signal. The light beam control
section 304 controls the irradiation power of the light
that has been supplied from the optical head 303 in
accordance with the instruction given by the CPU
309. [0126]The servo section 305 controls the
positions of the optical head 303 and the light beam
emitted from the optical head 303, performs the focus
and tracking controls on the light beam, and controls
the rotation of the spindle motor 302. The read signal
binarizing section 306 subjects the read signal
generated by the optical head 303 (of which the data
information is a sum signal and the information about
the disc  P CT/JP2009/003782 information area and
address is a differential signal) to amplifib.ation and
bin cization, thereby generating a binarized signal.
Also, the read signal binarizing section 306 gets a
clock signal generated by an internal PLL (not shown)
synchronously with the binari ed signal_ [0127]The
digital signal recess g section 307 subjects the
bilarized signal to predetermined types of
demodulation and error correction processing. In
writing data, the digital signal processing section 307
subjects the data to be written to addition of a error
correction code and a predetermined kind of
modulation, thereby generating modulated data.
Next, the write compensating section 308 converts
the modulated data into optically modulated data
consisting of pulse trains, and finely adjusts the pulse
width and other parameters of the optically modulated
data based on the read signal obtained from the data
information area and the data that is stored in
advance in the CPU 309, thereby converting the
optically modulated data into a write pulse signal that
will contribute to forming pits effectively. 



(01,281The CPU 309 controls the entire i.niormarinn
wr1 ting  PCDJM009/001782 device 300. The host
unit 310 uses a computer (not shown application (not
shown) and an operating system (not shown) to send
a read/write request to the optical disc drive 300.
[0129]When the information writing device 300 is
loaded with theical disc 301, the light beam control
section 304       the serVo section 305 instruct the
optical head 303 to scan the control area in thelead-in
area RO on the information storage layer LO with
predetermined irradiation power, thereby retrieving
recording parameter information such as nformation
about the irradiation power to adopt when a write
operation is performed on the information storage
layers LO, Ll and L2. (01301On receiving a write
request from the host unit 310, 



the light beam control section 304 and the servo
section 305 make the optical head 303 scan the test
e zone TO in the lead-in area RO of the information
storage layer LO with predetermined irradiation
power. Meanwhile, the CPU 309 specifies the
irradiation power or performing the test write
operation for the light beam control section 304 and
gets test data written by the optimal head 303 with
multiple different  PCTLI52009/003782 irradiation
powers and then read, thereby determining, based on
the error rate and jitter of the read signal generated,
the recording power to use when a write operation is
performed on the data area DO of the information
storage layer LO. [0131]The same series of
operations are also performed on the information
storage layers L1 and L2, too. Specifically, the light
beam control section 304 and the servo section 305
make the optical head 303 scan the test write zone Ti
in the lead-in area R1 of the information storage layer
Li with predetermined irradiation power.Meanwhile,
the CPU 309 specifies he irradiation power for
performing ' 



operation for the light beam control section 304 and
gets test data written by the optical head 303 with
multiple different irradiation powers and then read,
thereby determining, based on the error rate and jitter
of the read signal generated, the recording power to
use when a write operation is performed on the data
area D1 of the information storage layer Li
[0132]Subsequently, the light beam control section
304 and the servo section 305 make the optical -lead
303 scan the test write zone T2 in the leadsin area
R2 of the information  PC17.192009/003782 storage
layer L2 with predetermined irradiation power.
Meanwhile, the CPU 309 specifies the irradiation
power for performing the test write operation forhe
light eam control section 304 and gets test data
written by the optical head 303 with multiple different
irradiation powers and then read, thereby
determining, based on the error rate and jitter of the
read signal generated, the recording power to use
when a write operation is performed on the data area
D2 of the information storage layer L2. In this
manner, the recording powers for writing information
on the respective data areas DO, D1 and D2 of all
three information storage layers LO, Li and L2 are
determined. [0133]Next, by, radiating the disch a
laser beam with the reco.cding power thus
determined, user data gets written on the data area
DO, DI or D2 of each information storage layer LO, Li
or L2. In this case, the irradiation power that has
been determined for each information storage layer
through the procedure described above is used. 



10154When the user data that has been wra.tten on
toe data area DO, D1 or D2 of each information
storage layer LO, Li or  L2 needs to be read, disc
information and other pieces of information are
retrieved from the control area and the user data is
read from the data area DO, D1 or 02 using the disc
information thus obtained. [0135]In the preferred
embodiment described above, the test write zones
TO, Ti and T2 are supposed to be arranged only on
the inner periphery the disc. Optionally, additional test
write zones may also be arranged on the outer
periphery of the disc. Also, when a write request is
received, the recording power for performing a write
operation on the data area DO, D1 or 02 of every
information storage layer LO, Li or L2 is determined
in the preferred embodiment described above.
However, if the CPU 309 has decided that it should
be enough to perform a write operation only on the
information storage layer LO to get every piece of
information written, then only the irradiation power for
performing a write oper on on the data area DO
needs to be determined. Then, the user data can
start being written in a shorter time. [0136]
Furthermore, in the preferred embodiment described
above, when a write request is received the recording
power  for performingwrite operation on the data area
of every 



information storage layer is determined. However, the
CPU 309 may determine the recording power only for
the information storage layer on which the e
operation is performed earliest, and may determine
the recording powers for the other information
storage layers later. Then, the user data can start
beingen more quickly. [01371For example, if the test
write operation should be performed on the inner and
outer peripheries of each of the thee information
storage layers of a three-layer disc, then the same
test write sequence should be performed six times
overall, thus forcing the user to wait a long time
before his or sr data is ready to be written. [01381To
avoid such a situation, multiple combinations of
specific information stor..age layer(s) on which the
test write operation needs to be performed and the
number of such layer(s) may be prepared in advance.
Then, the CPU 309 may determine whether or not the
write operation should be performed on more than
two storage layers. And if the answer is NO, the test
write operation may be performed only on the
PC13182009/003782 



information storage layers LO and Li. Then, the user
data can also start being written more quickly.
(EMBODIMENT 4) [0139]Examples of storage media
to which the present invention is applicable include
Blu-ray Disc (ED) and sundry other optical discs
compliant with different standards. in the following
description, an application of an optical disc
according to the first or second preferred embodiment
of the present invention to a ED will be described as
a fourth preferred embodiment of the present
invention: < aln parameters> [01401BDs are
classified according to the property of their recording
film into various types.Examples of those various
13Ds include a 111D-ROM (read-only), a BD-R
(write-once), and a ED-RE (rewritable). And the
present invention is applicable to any type of ED or
an optical disc compliant with any other standard, no
matter whether the storage medium is a ROM
(read-only), an R (write-once) or an RE (rewritabie).
Main 



PCT/W2009/003782 optical constants and physical
formats for Blu-ray Discs are disclosed in -Blu-ray
Disc Reader" (published by Ohmsha, Ltd.) and on
White Paper at the website of Blu-ray Disc
Association (http://www]blu-raydisc.com), for
example. [0141]specifically, as for a BD, a laser
beam with a wavelength of approximately 405 nm
(which may fall within the range of 400 nm to 410 nm
supposing the tolerance of errors is dr5 nm with
respect to the standard value of 405 am) and an
objective lens with an NA (numerical aperture) of
approximately 0.85 (which may fall within the range of
0.84 to 0.86 supposing the tolerance of errors is
di0.01 with respect to the standard value of 0.85) are
used. A BD has a track pitch of about 0.32 gm (which
may fall within the range of 0.310 to 0.330 JL m
supposing the tolerance of errors is -It 0.010 rim with
respect to the standard value of 0.320 gm) and has
one or two information storage layers. R BD has a
single-sided single-layer or a single-sided dual-layer
structure on the laser beam incident side, and its
storage plane or storage layer is located at a depth of
75 gm to 100 gPm as measured from the surface of
the protective coating of the BD.  [0142]A write eignal
is supposed to be modulated by 1722 modulation
technique.Recording marks are supposed to have 



the shortest mark length of 0.219 pm or 0.138 pm
(which is the length of a 2T mark, where T is one
cycle of a reference clock pulse and a reference
period of modulation in a situation where a mark is
recorded in accordance with a predetermined
modulation rule), i.e , a channel bit. length T of 74.50
nm or 69.00 nma The BD has a storage capacity of
25 GB or 27 GB (more exactly, 25.025 GB or 27.020
GB) if it is a single-sided, single-layer disc but has a
storage capacity of 50 GB or 54 GB (more exactly,
50.050 GB or 54.040 GB) if it is a single-sided,
dual-layer disc. [0143]The channel clock frequency is
supposed to be 66 MHz  (corresponding to a channel
bit rate of 66.000 Mbit/s) at a standard BD transfer
rate (BD 1X), 264 MHz (corresponding to a channel
bit rate of 264.000 Mbitrs) at BD 4x transfer rate, 396
MHz (corresponding to a channel bit rate of 396.000
Mbit/s) at BD 6x transfer rate, and 528 MHz
(corresponding to a channel bit rate of 528.000 it/s) at
RD SX transfer rate. [0144]And the standard linear
velocity (whimr, will also be  PCTBP20091003782
referred to herein as "reference linear velocity" or
"lX") is supposed to be 4-917 m/sec or 4.554 m/sec.
The 2x, 4x, 6x and 8x linear velocities are 9.834
m/sec, 19,668 m/sec, 29.502 m/sec, and 39.336
m/sec, respectively. A linear velocity higher than the
standard linear velocity is normally a positive integral
number of times as high as the standard linear
velocity. But the factor does not have to be an integer
but may also be a positive real number. Optionally, a
linear velocity that is lower than the standard linear
velocity (such as a 0.5x linear velocity) may also be
defined. (0145j It should be noted that these
parameters are those of single-layer or dual-layer
BDs already on the market, which have a storage
capacity of approximately 25 GB or approximately 27
GB per layer. To further increase the storage
capacities of BOs, high-density BDs with a storage
capacity of approximately 32 GB or approximately
33.4 GB per layer and three- or four-layer BDs have
already been researched and developed. Hereinafter,
exemplary applications of the present invention to
such BDs will be described.  



PC171P2009/003782       <Structure with multiple
informat.ion storage layers> [0146)For example,
supposing the optical disc is a single- sided disc,
from/on which information is read and/or written by
having a laser beam incident on the protective
coating (cover layer) side, if two or more information
storage layers need to be provided, then those
multiple information storage layers should be
arranged between the substrate and the protective
coating.An exemplary structure for such a multilayer
disc is shown in FIG. 14. The optical disc shown in
FIG. 14 has (nel) information storage layers 502
(where n is an integer that is more than zero).
Specifically, in this optical disc, a cover layer 501,
(n+1) information storage layers (layers Ln through
LO) 502, and a substrate 500 are stacked in this
order on the surface on which a laser bean 200 is
incident. Also, between each pair of adjacent ones of
the (ril) information storage layers 502, inserted as an
optical buffering member is a spacer layer 503. That
is to say, the reference layer LO may be arranged at
the deepest level that is located at a predetermined
depth from the light incident surface.e., at the
greatest distance from the light source).  Multiple
information storage layers Li, L2,and Ln may be 



stacked one upon the other from over the reference
layer LO toward the light incident surface. [0147]In
this case, the depth of the reference layer LO as
measured from the light incident surface of the
multi-layer disc may be equal to the depth (e.g.,
approximately 0.1 mm) of the only information
storage layer  of a single-layer disc as measured from
the light incident surface. If the depth of the deepest
layer the most distant layer) is constant irrespective
of the number of storage layers stacked (i e., if the
deepest layer of a multilayer disc is located at
substantially the same distance as the only
Information storage layer of a single-layer disc),
compatibility can be ensured in accessing the
reference layer, no matter whether the given disc is a
single-layer one or a multilayer one. in addition, even
if the number of storage layers stacked increases, the
influence of tilt will hardly increase. This is because
although the deepest Layer is affected by tilt most,
the depth of the deepest layer of a multilayer disc is
approximately the same as that of the only
information storage  PCT/W2009/003782 layer of a
single-layer disc, and does not increase in this case
even if the number of storage layers stacked is
increased. [0148)As for the beam spot moving
direction(which will also be referred to herein as a
"tracking direction" or a "spiral direction ), the optical
disc may be either a parallel path type or an opposite
path type. In a disc of the parallel path type, the spot
goes in the same direction on every layer, i.e., from
some inner radial location toward the outer edge of
the disc or from some outer radiel location toward the
inner edge of the disc on every information storage
layer. [0149]On the other hand, in a disc of the
opposite oath type the spot moving directions are
changed into the opposite one every time the layers
to scan are changed from an information storage
layer into an adjacent one, For example, if the spot
on the reference layer LO goes from some inner
radial location toward the outer edge (which direction
will be simply referred to herein as "outward"), then
the spot on the information storage layer Ll will go
from some outer radial location toward the inner edge
(which direction will be simply referred to herein as
"inward"), the spot on the information 



PCTIJP2009/003782 storage layer L2 will go
outward, and so forth. That s to say, the spot on the
information  storage layer Lm. (where m is either zero
or an even number) will co outward but the spot on
the information storage layer Lm+1 will go inward-
Conversely, the spot on the information storage layer
Lm (where m is either zero or an even number) will
go Inward but the spot on the information storage
layer Lm+1 will go outward. [01501As for the
thickness of the protective coating (cover layer), to
minimize the influence of spot distortion due to either
a decrease in focal length with an increase in
numerical aperture NA or the tilt, the protective
coating may have ItS thickness reduced. A numerical
aperture NA is defined to be 0.45 for a CD, 0.65 for a
DVD, but approximately 0.95 for a ED. For example,
if the information storage medium has an overall
thickness of approximately 1.2 mm, the protective
coating may have a thickness of 10 gm to 200 pm.
More specifically, a single-layer disc may include a
transparent protective coating with a thickness of
approximately 0.1 mm and a subse with a thickness
of approximately 1.1 mm. On the other hand a
dual-layer disc  



PCT/3F2009/003782 may include a protective
coating with a thickness of approximately 0.075 mm,
a. spacer layer with a thickness of approximately
0.025 rrn and a substrate with a thickness of
approximately 1.1 mm.         <Configuratdons for
single- to four-layer discs> t0151]FIGS. 15, 16, 17
and 18 illustrate exemplary configurations for
single-layer, dual-layer, three-layer and four-layer
discs, respectively. As described above, if the
distance from he light incident surface to the
reference layer LO is supposed to be constant, each
of these discs may a 



total disc thickness of approximately 1.2 mm (but is
more preferably 1.40 mm or less if there is a label
printed) and the substrate 500 may have a thickness
of pproximately 1.1 nun. That is why the distance
from the light incident surface to the reference layer
LO will be approximately 0.1 mm. In the single-layer
disc shown in FIG. 15 (i e.,=0 In FIG. 14), the cover
layer 5011 has a thickness of approximately 0.1 mm.
In the dual-layer disc shown in FiG. 16 (i eif neri in
FIG. 



14), the cover layer 5012 has a thickness of
approximately  PC177310091003782 0.075 mn and
the spacer layer 5302 has a thickness of
approximately 0.25 mm. And in the three-layer disc
shown in FIG. 17 ( e., if n==2 in FIG. 14) and in the
four-layer disc shown in FIG. 18 (i.e., if n==3 in FIG.
14), the cover layer 5014 and/or the spacer layer
5304 may be even thinner. [0150]Also, in a
recorder/player that uses an optical head including an
objective lens with a high NA, aberrations such as a
spherical aberration to be produced due to the
thickness from the light incident surface of the disc to
the information storage layer will se ously
affectquality of a laser beam to be converged on the
information storage layer. For that reason, such an
apparatus is provided with means for correcting such
aberrations to be produced due to the thickness. 



[0153]To eliminate the aberration components such
as a spherical aberration to be produced due to the
thickness from the surface of the protective coating of
an optical information storage medium to the
information storage layer from/on which information Is
read or written, the aberration correcting means
generates an aberration that will cancel the
PC111192009/003782 aberration component that
has been produced by each information storage
layer. Such an aberration correcting means is
originally designed optically so as to reduce the
aberration with respect to the information storage
layer of a single-layer structure and also takes into
account the aberration to be produced when a
read/write operation is performed on an information
storage medium with a dual-layer structure. The
minimum  aberration point designed is defined to be
located at a depth of approximately 80-90 m as
measured from the surface of the protective coating.
That is why if a re /write radiation needs to be
focused on an information storage layer, of which the
depth is not equal to the minimum aberration point,
then an appropriate aberration correction value
should be set for Asat information storage layer by
controlling the aberration correcting means.
<13Drs physical structure> [01541FIG. 19 illustrates
the physical structure of an optical disc 510 according
to this preferred embodiment- On 



the disklike optical disc 510, a lot of tracks 512 are
PCT3P1009/003781 arranged either concentrically or
spirally. And each of those tracks 512 is subdivided
into a lot of sectors. As will be described later, data is
supposed to be written on each of those tracks 512
on the basis of a block 513 of a predetermined size.
[0155]The optical disc 510 of this preferred
embodiment has a greater storage capacity per
information storage layer than a conventional optical
disc (such as a 25 GB BD). The storage capacity is
increased by increasing the storage linear density,
e.g., by shortening the mark length of recording
marks to be left on the optical disc, for example. As
used herein, -to increase the storage linear density-
means shortening the channel bit length, which is a
length corresponding to one cycle time T of a
reference clock signal (i.e., a reference cycle time T
of modulation a si uat where marks arm recorded by
a predetermined modulation rule). The optical disc
510 may have multiple information storage layers. In
the following description, however, only one
information storage layer thereof will be described for
convenience sake. in a situation where there are
multiple  PCI7N2009/003781 



information storage layers in the same optical disc,
even if the tracks have the same width between the
respective information storage layers, the storage
linear densities could also be different from one layer
to another by u formly varying the mark lengths on a
layer-by-layer basis. [0156]Each track 512 is divided
into a lot of blocks 513 every 64 kB (kilobytes), which
is the data storage unit. And those blocks are given
sequential block addresses. Each of those blocks 513
is subdivided into three subblocks, each having a
predetermined length. The three subblocks are
assigned subblock numbers of 0, 1 and 2 in this
order. <Storage density> [0157]Hereinafter, the
storage density will be described with reference to
FIGS. 20(a), 20(b), 21 and 22. [01581FIG. 20(a)
illustrates an example of a 25 GB BD, for which the
laser beam, 200 is supposed to have a wavelength of
405 nm and the objective lens 220 is supposed to
have a numerical aperture (NA) of 0.85. 



[0159]As in a DVD, data is also written on the track
512  PCT/N2009/003782 of a BD as a series of
marks 520, 521 that are produced as a result of a
phys al variation. The shortest one of this series of
marks will be referred to herein as the "shortest ma .
In FIG. 20(a), the mark 521 is the shortest mark.
[0160]In a BD with a storage capacity of 25 GB, the
shortest mark 52 1 has a physical length of 0.149 gm,
which is approximately 1/ 2.7 of the shortest mark of
a DVD. And even if the resot on of a laser beam is
increased by changing parameters of a n optical
system such as the wavelength (405 on) and the NA
(0.85), this value is still rather close to the limit of op
al resolu on, below which recording marks are no
longer recognizable for the light beam. [0161]FIG. 21
illustrates a state whea light beam spot 



has been formed on the series of recording marks on
the track 512. In a BD, the light beam spot 210 has a
diameter of about 0.39 gm, which may vary th
parameters of the optical system. If the storage linear
density is increased without changing the structures
of the optical system, then thecord ng marks will
shrink for the same spot size ofe light beam. spot 210
and the read resolution will decrease.  [0162]On the
other hand, FIG. 20(b) illustrates an example of an
optical disc with an even higher storage density than
25 GB BD. But even for such a disc, the laser beam
200 is also supposed to have a wavelength of 405
nm and the objective lens 220 is also supposed to
have a numerical aperture (NA) of 0.85. Among the
series of marks 524, 525 of such a disc, the shortest
mark 525 has a physical length of 0.1115 II m.
Compared to FIG. 20(a), the spot size remains
approximately 0.39 gm but both the recording marks
and the interval between the marks have shrunk. As
a result, the read resolution will decrease. [0169]The
shorter a recording mark, the smaller the 



amplitude of a read signal to be generated when he
recording mark is scanned with a light beam. And the
amplitude goes zero when the mark length gets equal
to the limit of optical resolution. The inverse number
of one period of these recording marks is called a
"spatial frequency" and a relation between the spatial
frequency and the signal amplitude is called an
"optical transfer function (OTE)". As the spatial
frequency rises, the signal amplitude decreases
almost linearly.And the readable limit at which the
amplitude of the signal goes zero is called an OTF
cutoff. [0164]FIG. 22 is a graph showing how the OTF
of a BD with a storage capacity of 25 GB changes
with the shortest recording mark length. The spatial
frequency of the shortest mark on a BD is
approximately 80% of, and is rather close to, the OTF
cutoff frequency.It can also be seen that a read is al
representing the shortest mark has amplitude that is
as small as approximately 10% of the maximum
detectable amplitude.The storage capacity at which
the spatial 



fency of the shortest mark on a BD is very close to
the OTF cutoff frequency (i.e., the storage capacity at
which the read signal has almost no amplitude)
corresponds to approximately 31 GB in a BD. When
the frequency of the read signal representing the
shortest mark comes close to, or exceeds, the OTF
cutoff frequency, the limit of optical resolution may
have been reached or even surpassed for the laser
beam. As a result, the read signal comes to have
decreased amplitude and the SNR drops steeply.
[0165]That is why the high storage density optical
disc  POT/JP20091003782 shown in FIG. 20(b)
would have its storage linear density defimed by the
frequency of the read signal representing the shortest
mark, which may be in the vicinity of the CTF cutoff
frequency (i.e., it is lower than, but not significantly
lower than, the OTF cutoff frequency) or higher than
the OTF cutoff frequency. [0166]FIG. 23 is a graph
showing how the signal amplitude changes with the
spatial frequency in a situation where the spatial
frequency of the shortest mark (27) is higher than the
OTF cutoff frequency and where the 27 read signal
has zero amplitude. In FIG. 23, the spatial frequency
of the shortest mark 2T is 1.12 times as high as the
OTF cutoff frequency. <Relation between
wavelength, NA and mark length> 



[0167]An optical disc with high storage density needs
to satisfy the following relation between the
wavelength, the numerical aperture, and the
mark/space lengths. [0168]Supposing the shortest
mark length is TM cm and the shortest space length
is TS nm, the sum P of the shortest mark length and
the shortest space length is TMITS cm. In the case
PCT/W2009/003782 of 17 modulation,
P=2T4k2T=4(17. Using the three parameters of the
wavelength A of the laser beam(which is 405 nmrh5
run, i.e., in the range of 400 nm to 410 on), the
numerical aperture NA (which is 0.85-eb0.01, i.e., in
the range of 0.84 to 0.86) and the sum P of the
shortest mark length and the shortest space length
(where PTT2T4k241=4T in the case of 17
modulation, in whichthe shortest length Is 2T), if the
unit length T decreases to the point that the inequality



(45:A/2NA is satisfied, then the spatial frequency of
the shortest mark exceeds the OTT cutoff frequency.
(0169]if NA= 0.85 and A =405, then the unit length T
corresponding to the OTF cutoff frequency is
calculated by T=4054(2)<0.85)64=59.558 on.
Conversely, if P > A /ANA is satisfied, then the spatial
frequency of the shortest mark becomes lower than
the OTT cutoff frequency. (01701As can be seen
easily, just by increasing the storage linear density,
the SNA would decrease due to the limit of optical
resolution.That is why if the number of 



PCTLIP2009/003782 information storage layers per
disc were increased excessively, then the decrease
in SNR might be an impermissible degree,
considering the system margin.Particularly around a
point where the frequency of the shortest recording
mark exceeds the OTF cutoff frequency, the SNR will
start to decrease steeply. [0171]In the foregoing
description, the storage linear density has been
described by comparing the frequency of the read
signal representing the shortest mark to the OTF
cutoff frequency. However, if the storage density of
PHs is fu increased, then the storage density (and the
storage linear density and the storage capacity) can
be defined based on the same principle as what has
just been described by reference to the relation
between the frequency of the read signal
representing the second shortest mark (or the third
shortest mark or an even shorter recording mark) and
the OTE' cutoff frequency. 



<Storage density and number of layers> 10172]A BD,
of which the specifications include a wavelength of
405 m and a numerical aperture of 0.85, may have
PCT/W2009/003782 one of the following storage
capacities per layer. Specifically, if the spatial
frequency of the shortest marks     in the vicinity of
the OTF cutoff frequency, the storage capacity could
be approximately equal to or higher than 29 GB (such
as 29.0 GBda0.5 GB or 29 GBdzi GB), approximately
equal to or higher than 30 GB (such as 30.0 GBdt-0.5
GB or 30 GBdal GB), approximately equal to or
higher than 31 GB (such as 31.0 GB dc 0.5 GB or 31
GB  1 GB), or approximately equal to or higher than
32 GB (such as 32.0 GB-da0.5 GB or 32 GBdal GB). 



[0173]On the other hand, if the spatial frequency of
the shortest marks is equal to or higher than the OTT
cutoff frequency,the storage capacity per layer could
be approximately equal to or higher than 32 GB (such
as 32.0 GE. 0.5 GB or 2 GBdal GB), approxinately
equal to or higher than 33 GB (such as 33.0 GBda0.5
GB or 33 GBdal GB), approximately equal to or
higher than 33.3 GB (such. as 33.3 GBaa.0.0 GB or
33.3 GBaral GB), approximately equal to or higher
than 33.4 GB (such as 33.4 GB fEr-0.5 GB or 33.4.
GB :is 1 GB), approximately equal to or higher than
34 GB (such as 34.0 GBdt0.5 GB or 34 GB:hi GB) or
approximately equal to or higher than 35 GB (such
PCT/JP2009/003782 as 35.0 GB1-.0.5 GB or 35
GB:L1 GB) [0174]In this case, if the storage density
per layer is 



33.3 GB, an overall storage capacity of approximately
100 GB (more exactly, 99.9 GB) Is realized by the
three storage layers combined. On the other hand, if
the storage density per layer is 33.4 GB, an overall
storage capac hat is more than 100 GB (more
exactly, 100.2 GB) is realized by the three storage
layers combined. Such a storage capacity is almost
equal to the capacity in a situation here four storage
layers, each having a storage density of 25 GB, are
provided for a single BD. For example if the storage
density per layer 33 GB, the overall storage capacity
is 3353=99 GB, which is just 1 GB (or less) smaller
than 100 GB. On the other hand, if the storage
density per layer is 34 GB, the overall storage
capacity is 34x3==102 GB, which is 2 GB (or less)
larger than 100 GB. Furthermore, if the storage
density per layer is 33.3 GB, the overall storage
capacity is 333x3==99.9 GB, which is only 0.1 GB (or
less) smaller than 100 GB. And if the storage density
per layer is 33 GB, the overall storage capacity is
33.4 X31 00.2 GB, which is just 0.2 GB (or less)
larger than  PCTOP2009/003782, 100 GB. [0175]It
should be noted that if the storage density were
increased significantly, then it ould be difficult to
perform a read operation accurately because the
shortest marks should be read under rather severe
condit'ons. That is why a realistic storage density that
would realize an overall storage capacity of 100 GB
or more without increasing the storage density too
much would be approximately 33.4 GB per layer.
[0176]In this case, the optical disc may have either a
tolayer structure with a storage density of 25 GB per
layer 



or a three-layer structure with a storage density of
33-34 GB per layer. If the number of information
storage layers stacked in a disc is increased,
however, the read signal obtained from each of those
layers will have decreased amplitude (or a decreased
SNR) and stray layer will also be produced from
those layers (i.e., the read signal obtained from each
information storage layer will be affected by a signal
obtained from an adjacent layer). For that reason, if a
three-layer disc with a storage density of 33-34 GB
per  PC17JP2009/003782 layer is adopted instead of
a four-layer disc with a storage density of 25 GB per
layer, then an overall storage capacity of
approximately 100 GB will be realized by the smaller
number of layers (i.e., three Instead of four) with the
influence of such stray light minimized- That is why a
disc manufacturer who'd like to realize an overall
storage capacity of approximately  100 GE while
minimizing the number of information storage layers
stacked would prefer a three-layer disc with a storage
density of 33-34 GB per layer. On the other hand, a
disc manufacturer who'd like to realize an overall
storage capacity of approximately 100 GB using the
conventional format as it s (I.e., a storage density of
25 GB per layer) could choose a four-layer disc with a
storage density of -25 GB per layer. In this manner,
manufacturers with different needs could achieve
their goals using mutually different structures, and,
and therefore, are afforded an increased degree of
flexibility in disc design. [0177]Alternatively, if the
storage density per layer is in the 30-32 GB range,
the overall storage capacity of a three-layer disc will
be short of 100 GB (i.e., approximately  



PCT/JP2009J003782 96-96 GB) but that of a
four-layer disc will be 120 GB or more. Among other
things, if the storage density per layer is
approximately 32 GB, a four-layer  bsc will have an
overall storage capacity of approximately 128 GB,
which is the seventh power of two that would be
processed easily and conveniently by a computer. On
top of that, compared to the overall storage  capa ly
of approximately 100 GB realized by a three-layer
disc, even shortest marks could also be read under
less severe conditions , [0178]That is why when the
storage density needs to be increased, a number of
different storage densities per layer (such as
approximately 32 GB and approximately 33.4 GB) are
preferably offered as multiple options so that a disc
manufacturer can design a disc more flexibly by
adopting one of those multiple storage densities and
any number of storage layers in an arbitrary
combination.For example,a manufacturer who'd like
to increase the overall storage capacity while
minimizing the influence of multiple layers stacked is
offered an option of oking a three-layer disc an
overall storage capacity of approximately 100 GB by
PCT/W2009/003782 



stacking three storage layers with a storage density
of 33-34 GB per layer. On the other hand, a
manufacturer who'd like to increase the overall
storage capacity while minimizing the impact on read
performance is offered an option of making a
four-layer disc with an overall storage capacity of
approximately 120 GB or more by stacking four
storage layers with a storage density of 30-32 GB per
layer. [0179]No matter which of these two structures
is adopted for a BD, the best recording power can be
determined for each information storage layer by
using the optical disc structure of the first or second
preferred embodiment of the present invention
described above. That is why even if recording marks
should be formed more accurately to cope with an
increased storage linear density, a write operation
can also be performed appropriately with the best
recording INDUSTRIAL APPLICABILITY [0180]The
present invention can he used effectively in various
types of information storage media and Information
writing devices, and can be ised particularly
effectively in a  



PCT/JP2009/003782 write-once or rewritable
information storage medium with three or more
information storage layers and an information device
compatible with such a storage medium.
REFERENCE SIGNS LIST  [018 DO, D1, 02, 03 data
area LO, Li, L2, L3 information storage layer RO, R1,
R2, R3 lead-in area TO, Ti, T2, T3 test write zone 



110 substrate 111, 112 spacer layers 113 cover layer
CLAIMS 1.An information storage medium with n
information storage layers (where n is an integer that
is equal to or greater than three), on which data can
be written with a laser beam and which are stacked
one upon the other, 



wherein each of the n information storage layers has
a test write zone for determining the recording power
of the laser beam, and wherein when those n
information storage layers are counted from the one
that is located most distant from the surface of the
medium on which the laser beam is incident,
there is a bigger radial location difference between
the outer peripheral end of the inner one of the test
write zones of ith and (i+1)th information storage
layers (where i is an integer that satisfies 2S- i n-1)
and the inner peripheral end of the other outer test
write zone than between the outer peripheral end of
the inner one of the test write zones of jth and 0+1)th
information storage layers (where j is an integer that
satisfies 1and the inner peripheral end of the other
outer test write zone. 2.An information reading device
for performing a read operation on the information
storage medium of claim 1, 



wherein the information storage medium has a
control area in at least one of the n information
storage layers thereof, and wherein the device
performs at least one of the steps of: retrieving
information about the information storage medium
from the control area and reading data that has been
written on any of the n information storage layers with
recording power that has been regulated with the test
write zone of that layer.  



3.A reading method for performing a read operation
on the information storage medium of claim 1,
wherein the information storage medium has a
control area in at least one of the n information
storage layers thereof, and wherein the method
comprises at least one of the steps of:        retrieving
information about the information storage medium
from the control area and        reading data that has
been written on any of the n information storage
layers with recording power that has been regulated
with the test write zone of that layer.  INFORMATION
RECORDING MEDIUM AND 



INFORMATION RECORDING DEVICE ABSTRACT
An information, storage medium according to the
present invention has n information storage layers
(where n is an integer and na3), on which data can
be written with a laser beam and which are stacked
one upon the other. Each of the n storage layers has
a test write zone for determining the recording power
of the laser beam. When those n layers are counted
from the one that is located most distant from the
surface of the medium on which the laser beam is
cident, there is a bigger radial location difference
between the outer peripheral end of the inner one of
the test write zones of ith and (111)th information
storage layers (where i is an integer that satisfies
2_,-12-1) and the inner peripheral end of the other
outer test write zone than between the outer
peripheral end of the inner one of the test write zones
of      and ( j ) th info ation storage layers (where j is
an integer that satisfies 1[err]j[err]-i-1) and the inner
per era end of the other outer test write zone. Fig. 2 


















