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

information recording medium. BACKGROUND ART
ITNFORMATION RECORDING MEDIUM, RECCRDING METHOD, AND

REPRODUCING METHODO

TECHNICAL FIELD

00017 The present invention relates to an information
recording medium including a plurality of recording layers
having an area for recording adjustment (i.e., recording
calibration), and a recording and reproduction method and a
recording and reproduction apparatus for such a recording
medium. More specifically, the present invention relates to
an information recording medium, including a plurality of
recording layers, which is effective for a write once optical
disc such as a BD-R, a rewritable optical disc such as a BD-
RE and the like, and an recording and r@produgtion method and
ann  recording and reproduction apparatus using such an

information recording medium.

BACKGROUND ART

[0002] Recently, large-capacity and exchangeable

information recording mediums and disc drives used for the



[0002]Recently,large-capacityandexchangeable information recording mediums and disc drives used
for the same are in wide use. [0003]As conventional large-capacity and exchangeable information
recording mediums, optical discs including DVDs and Blu-ray discs (hereinafter, also referred to as
"BDs") are well known. An optical disc drive apparatus performs recording or reproduction by forming
tiny pits (recording marks) on an optical disc using laser light, and is suitable for large-capacity and
exchangeable information recording. DVDs are characterized by using red laser light, and BDs are

characterizeghhy using blye laset lighthaving a wavelength shorter than that of red laser light. Owing
to this, BDs have a higher recording density to realize a larger capacity than DVDs. [0004]Moreover, in

recent years, multi-layer %{Jtical .
[0003] s conventicnal large-capacity and exchangeable

information recording mediums, optical discs including DVDs
and Blu-ray discs (hereinafter, also referred to as "BDs")
are well known. An optical disc drive apparatus performs
recording or reproduction by forming tiny pits {recording
marks) on an optical disc using laser light, and is suitable
for large-capacity and exchangeable information recording.
DVDs are characterized by using red laser light, and RBDs are
characterized by using blue laser light having a wavelength
shorter than that of red laser light. Owing to this, BDs
have a higher recording density to realize a larger capacity
than DVDs.

[0004] Moreover, 1n recent vyears, multi-layer optical
discs, namely, optical discs including a plurality of
recording lavers have been actively developed for further
increasing the capacity. As DVDs and BDs, two-layer discs
including two recording layers are already on the market. In
the future, discs including a larger number of layers, such

as a six-layer or eight-layer discs, are expected to be



discs, namely, optical discs including a plurality of recording layers have been actively developed for
further increasing the capacity. As DVDs and BDs, two-layer discs including two recording layers are
already on the market. In the future, discs including a larger number of layers, such as a six-layer or
eight-layer discs, are expected to be available. [0005]FIG. 1 is a conceptual view of a three-layer
optical disc including three recording layers.An optical disc 1 includes a substrate 2, and recording
layers 3, 5 and 7 stacked on the substrate 2. Between the recording layers, intermediate layers 4 and
6 having a rale.of pretecting the recording layers are provided, and a surface of the disc is covered
with a cover layer 8 formed of a polycarbonate resin or the like. Optical laser light is directed from the
side of the cover layer 8, which is the disc surface. The recording layer formed in contact with the
substrate 2, i.eY QHg recordifig-layer fafthedt frémthgRfisEsurfatesd usedl asithetraferenée IGyer. The
recording layers are numbered orderly from the reference layer; i.e., the recording layer 3 is called LO

layer, the reggrding:layeriaiis called Lijlaysr, and the recording jayen 7 is-called L2 laysy,-Herginafter, in
this specification, this manner of labeling will be adopted. This manner of labeling is merely an

example, and there are occasions where the recording layers are called LO layer, Li layer, etc. from
thereconﬂn@%ﬂ%r%kk%%gﬁﬁﬁé a substrate 2, and recording layers 3, 5 and

7 stacked on the substrate 2. Between the recording lavers,
intermediate layers 4 and 6 having a role of protecting the
recording layers are provided, and a surface of the disc is
covered with a cover layer 8 formed of a polycarbonate resin
cr the like. Optical laser light is directed from the side
of the cover layer 8, which 1is the disc surface. The
recording layer formed in contact with the substrate 2, i.e.,
the recording layer farthest from the disc surface is used as
the zreference lavyer, The recording layers are numbered
orderly from the reference layer; i.e., the recording layer 3
is called LO layer, the recording layer 5 is called L1 layer,
and the reccrding layer 7 is called 1LZ laver. Hereinafter,
in this specification, this manner of labeling will be
adopted. This manner of labeling is merely an example, and
there are occasions where the recording layers are called LO

iayer, L1 layer, etc. from the recording layer closest to the

(U8}



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

layer includes a lead-in zone 13, a data zone 14 and a lead-out zone 15. [0009]The data zone 14 is a
zone where t& t&ér can FIG. 2 shows an area arrangement of a recording

layer of a general optical disc. On a recording layer of a
discus-shaped optical disc 1, a great number of tracks 11 are
formed spirally. In each track 2, a great number of tiny
blocks 12 are formed.

[0007)] The'width of the track 11 {track pitch) i1s, for
example, 0.32 pm in the case of a BD. The block 12 1is an
error correction unit, and is a minimum unit by which a
recording or reproduction operation is performed. The block
12 has a size of, for example, 1ECC (size: 32 kbytes) in the
case of a DVD and 1 cluster (size: 64 kbytes) in the case of
a BD. In terms of "sector” (size: 2 kbytes), which is the
minimum unit of data of an optical disc, ECC and cluster are
represented as 1ECC = 16 sectors and 1 cluster = 32 sectors.
(0008} Each recording laver includes a lesad-in zone 13, a
data zene 14 and a lead-out zone 15,

[0009] The data =zone 14 1s a zone where the user can
record any information, for example, real-time data of music

or video, computer data such as sentences, data bases or the



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

[0G10] The lead-in zone 13 is positioned inner to the data
zone 14 along a radial directicn of the optical disc 1. The
lead-out =zone 15 1s positioned outer to the data zone 14
along the radial direction of the optical disc 1. These
zones include an area usable for recording management
information on the optical disc 1 (DMA area or temporary DMA
area), an area usable for adijusting a recording power, etc.
(CPC (Optimum Power Control) area) and the like. These zones
also have a role of preventing cverrun of an optical pickup
{not shown).

[C011] On such an optical disc, it is important to record
information with an optimal recording condition (for example,
recording power, and for example, pulse generation timing and
pulse length called "strategy", and the like} from the
viewpoint of the recording and reproduction gquality. For
realizing this, triel recording (hereinafter, referred to as
"recording calibration (Power Calibration)") is  widely
performed in a prescribed area of the optical disc to find

the optimal power and strategy (for example, Patent Document



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

[0012] Recording calibration 1is performed in a recording
calibration area {(hereinafter, referred toc alsc as an "OPC
area") included in the lead-in zone 13, the lead-out zone 15
or the like.

[C013) FIG. 18 shows a flow of a general recording
calibration procedure.

[C014] Step 1801: The recording power is adjusted
{hereinafter, referred to "power calibration").
Specifically, «zrecording 1is performed while changing the
reccrding power step by step (step-by-step recording), the
recording guality of the recorded area {(for exanple,
modulation degree or BER (Block Error Rate), etc.) is
measured, and an optimal power at which the recording guality
is optimal is found.

[0015] Step 1802: The recording strategy is adjusted while
the recording power 1s fixed (hereinafter, referred to as
"strategy calibration™). Specifically, recording is
performed while changing the pulse width with the recording

power being fixed at the optimal power found in step 1801,



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

with the recarding Rower being fixed,atthe gptimal.power found instep 1801, the.recording gyality of

the recorded area is measured, and an optimal strategy at which the recording quality is optimal is

found. [0016]On an optical disc such as a BD, data is recorded
an optimal strategy at which the recording quality is cptimal

is found.

[0016] Cn an optical disc such as a BD, data 1s recorded
by irradiating the recording layer with laser light to change
the recording layer, for example, from an amorphous state to
a crystalline state. Since the state of the recording laver
is changed in this manner, the transmittance and reflectance
of the light (i.e., optical characteristics) are changed.
Namely, a recorded aresa and a non-recorded area have
different optical characteristics.

[0017] Therefore, when an optimal recording power is found
by power calibration for an optical disc including two or
more recording layers, the power found for one recording
layer varies depending on the recording state of the other
recording layer (either already recorded or unrecorded).
Specifically, the following may  occur, for example:
recording is performed with an excessively large power while
adjusting the recording power, and as a result, the area used

for the <calibration 1s destroyed, which influences the



by irradiating the recording layer with laser light to change the recording layer, for example, from an
amorphous state to a crystalline state. Since the state of the recording layer is changed in this manner,
the transmittance and reflectance of the light (i.e., optical characteristics) are changed. Namely, a
recorded area and a non-recorded area have different optical characteristics. [0017]Therefore, when
an optimal recording power is found by power calibration for an optical disc including two or more
recording layers, the power found for one recording layer varies depending on the recording state of

the other recardingJayer (either,alreadyrecorded o unragarded).Specifically, the following may oceur,

for example: recording is performed with an excessively large power while adjusting the recording
power, and as a result, the area used for the calibration is destroyed, which influences the recording
characteristicOf thé BtHe? 1e€orbing1a5erdotresponting it ihe destfdyetifaral. EVERT ah exedssively
large power sufficient to destroy an area is not used, the transmittance varies by the magnitude of the

power used for-the recarding sEspeciall, an aseasinwhich recording has beenperformed withe.a power
not suitable to the optical disc allows the transmittance to vary more than, and is more likely to be
influenced by the transmittance balance than, an area in which recording has been performed with a
suitable power> 0T Bfiha Multiviayerdis® ¥he HandAriahE8 OF tHefasdRighPEs/aried By thé fecording
state of the recording layer passed by the laser light. Therefore, the recording characteristics of a
second recording tayes counted froasihesuface onavhichrlaserilightisineidentof arecgrdinglayer(s)
deeper than the second recording layer (farther from the laser light incidence surface than the second

layer) are v%ried by the;ecor;l(é'n st%te of the recording Iayer;closer to the laser Ii%ht incidence surface,
even on the Sae racording &y el ESpetidlly i thdCasB of poter © the optical disc

allowg the transmittance to wvary more than, and is more
likely to be influenced by the transmittance balance than, an
area 1in which recording has been performed with a suitable
power.

[0018] In a multi-layer disc, the transmittance of the
laser light is wvaried by the recording state of the recording
layer passed by the laser light. Therefore, the reccrding
characteristics of a second recording laver counted from the
surface on which laser 1light 1is incident or a recording
layer (s) deeper than the second recording layer (farther from
the laser light incidence surface than the second lavyer) are
varied by the recording state of the recording layer closer
to the laser light incidence surface, even on the same

recording lavyer. Fspeclially, in the «case of power



calibration by which recording is performed while changing the power, recording may possibly be
performed at a recording power exceeding the range suitable to the optical disc in order to find an
optimal recording power. An area in which power calibration has been performed is one of areas which
influence the transmittance most. [0019]Therefore,whenlaserlightforrecording information on a
recording layer passes an area of another, shallower layer which has been used for power calibration,
the laser light is significantly influenced by the transmittance balance of the another layer. From the

recording qually: gfan atea i whigh segording fagibeen perfrmad wilh & tiaaeqittange,in, syeh a

varied state, an optimal power‘cannot be correctly obtained. As a method for avoiding tﬁggé%?oblems,
a method of restricting the locations of GPO areas is well known (for example, Patent Document No. 2
and Patent D&EumentENe. 3): [00ZDIFIG MEY skows idchtiohs opthefGPTedreals in ancoptical disc
including two recording layers.A first recording calibration area 200 provided in the recording

power exceeding the range suitable to the optical disc in
order to find an optimal recording power. An area in which
power calibration has been performed is one of areas which
influence the transmittance most.

[0019] Therefore, when laser light for recording
information on a recording layer passes an area of another,
shallower layer which has been used for power calibration,
the laser light is significantly influenced by the
transmittance Dbalance of the another lavyer. Frcem the
recording quality of an area in which recording has been
performed with a transmittance in such a wvaried state, an
cptimal power cannot be correctly obtained. As a method for
avolding these problems, a methecd of restricting the
locations of OPC areas 1s well known (for example, Patent
Document No. 2 and Patent Document No. 3).

{00207 FIG. 19 shows locaticns of the OPC areas in an
optical disc including two recording lavyers. A  first

recording calibration area 200 provided 1in the recording



layer LO and a second recording calibration area 201 provided in the recording layer LI are located at
different radial positions. In addition, an area of the other layer existing between the recording
calibration area and the disc surface (the laser light incidence surface) is secured as a reserved area
210 (unused area). In the example of FIG. 19, an area of the recording layer Li at the same radial
position as that of the first recording calibration area 200 (an area of the recording layer LI
corresponding to the first recording calibration area 200) is secured as the reserve area 210 (unused
area). In the;gage ofiawiite;once medium onwhigh recordingcan be perfouned only.once, pnunused
area, i.e., areserved area is in an unrecorded state. Therefore, regardless of the recording layer in
which the recording calibration area is to be used, the laser light does not pass any recorded area

before reacHihg

thefrecoiampCaliBratién @Feal-Thust thereEardiity calibration arédls né&fhiiBiénced by

the transmittance of the other recording layer, and recording calibration can be always performed
under the sarae conditions. [Q0244ln consideration-of axregerdingmeditim including morethag two
recording layers, Patent Document No. 3, for example, provides a case where an OPC area in an
odd-numbered recordin%Iayer and an OPC area in an even-numbered recording layer adjacent to the

odd-numbered TECErdin

fayerarelocdtdd afditfereit 1atialfrsEitions INamely e OPE draEs in

odd-numbered recording layers or the OPC areas in the even-numbered recording layers may be

located at thecsame sadial position. Adteinatively, ther@R&=areas may-be lecated at ditierent-sadial
positions in all the recording layers. CITATION LIST PATENT LITERATURE

area 210 {(unused area). In the example of FIG. 19, an area

of the reccrding layer L1 at the same radial position as that

of the first recording calibration area 200 {an area of the

recording layer L1 corresponding to the first recording

calibration area 200) 1s secured as the reserve area 210

{unused area). in the case of a write once medium on which
recording can be performed only once, an unused area, i.e., a
reserved area 1s in an unrecorded state. Therefore,

regardless of the recording layer 1in which the recording

calibration area 1s tc be used, the laser light dces not pass

any recorded area before reaching the recording calibration

areda.

by

Thus, the recording calibraticn area is not influenced

the transmittance of the other recording layer, and

recording calibration can be always performed under the same

conditions.

10



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

[0021] In consideration of a recording medium including
mere than two recording layers, Patent Document No. 3, for
example, provides a case where an OPC area in an odd-numbered
recording layer and an OPC area in an even-numbered recording
layer adjacent to the odd-numbered recording layer are
located at different radial positions. Namely, the QPC areas
in odd-numbered recording lavers or the OPC areas in the
even-numpered recording layers may be located at the same
radial position. Alternatively, the OPC areas may be located

at different radial positions in all the recording layers.

CITATION LIST

PATENT LITERATURE

[0022]

Patent Document No. 1: Japanese Laid-Open Patent

Publication No. 2007-305188

Patent Document No. 2: Japanese Lald-Open Patent

Publicaticon No. 2005-038584

Patent Document No. 3: PCT National Phase Japanese Laid-

Open Patent Publication 2007-521606



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

increases, the SARY (¥ (JEYIRT2FHs ie., the unusable areas increases.In addition, as the
number of

TECHNICAL PROBLEM

[0023] With this method, however, the following problem

cccurs when the number of recording layers increases. The

most serious problem 1is that as the number of recording

layers increases, 1t becomes difficult to securely obtain OPC

areas and reserved areas.

[0024] FIGS. 20{A) and 20(B} show locations of OPC areas

in an optical disc including three recording layers arranged

by the conventional method. For the convenience of

description, the COPC areas in all the recording layers have

the same size (for example, 38 cluster). As shown in

FIG. 20(A), when the OPC areas are located at different

radial positions among all the three layers, the size of 3 x

S cluster is necessary for each layer. Among this size, the

Z2 % S cluster areas corresponding to the reserved areas are

not usable. Considering that the size of each of the lead-in

zone 13 and the lead-out zone 15 is limited, as the number of

layers increases, the size of the reserved areas, i.e., the

i2



recording layers increases, the size of the reserved areas increases, and so it is expected to be
difficult to securely obtain the GPO area in the lead-in zone or the lead-out zone. [0025] As shown in
FIG. 20(B), when the GPO areas in the odd-numbered recording layers or in the even-numbered
recording layers are located at the same radial position, the required size is 2 x S as in the case of an
optical disc including two recording layers. However, in this case, the problem that the power found is
varied by the recording state of another recording layer cannot be solved. [0026]There is another

method, by which.the size of the Iqrq]dé@[pe%]%eslﬁ or H}? Ieaacgd%gz%gﬂe 1€§Sis i Ergasnegmigeogdeééo obtain
the GPO areas. However, as the size of these zones increases, the size of the data zone 14 1s
decreased accordingly. When the size of the data zone 14 is decreased in order to obtain the size of
the GPO aress: tHeléapacity isable foraeeorting usdrelamiis decrbaded; whichds dishdvastageous to

the user. Therefore, it is preferable that the lead-in zone 13 and the lead-out zone 15 are as small as

possible. [0027]inorderto abiginthe QPG areasat different raglial positions,in alééh%@éf&m? in FIG.
20(A), it is conceivable to decrease the size of the OPC areas. This can suppress the ratio of the OPC
area (and the reserved area) with respect to the lead-in zone 13 or the lead-out zone 15. However, as
the size of the OPC aféks i Hectedsed! the hember 8f times Hhe rédording calibrhtiontcarrbe -
performed is decreased accordingly. In general, on mediums (recording layers) for which recording

calibration cappothe perfarned, seeording of infoppatin- is,aften-rqhibted- be+se toesrecerding
power or the like cannot be guaranteed to be suitable to such mediums. When the size of the OPC
area is decreased and so recording calibration is made impossible, recording cannot be performed

anymore. TRISProVIBES disddvaritagesitdthe use 8E8 high'possibility il is AdEpreferapes ed

recording layers are located at the same radial position, the
required size is 2 x 5 as in the case of an optical disc
including two recording lavers. However, in this case, the
problem that the power found is varied by the recording state
of another reccording layer'cannot be solved.

[00261 There 1is another method, by which the size of the
lead-in zone 13 or the lead-out zone 15 is increased in order
to obtain the COPC areas. However, as the size of these zones
increases, the size of the data zone 14 1is decreased
accordingly. When the size c¢f the data zone 14 is decreased
in order to obtain the size of the OPC areas, the capacity
usable for recording user data 1is decreased, which 1is
disadvantageous to the user, Therefore, 1t 1s preferable

that the lead-in zone 13 and the lead-cut zone 15 are as



[0028]The present invention made in light of the above- described problems has an object of
minimizing the influence which is exerted by recording calibration (test recording) such as power
calibration, strategy calibration or the like, performed in an area for recording calibration (recording
calibration area or test area) provided in each of a plurality of recording layers, on recording calibration
performed in the other recording layers. Another object of the present invention is to provide an
information recording medium having an area arrangement by which recording calibration areas are
efficiently located;in gslegg-é'% zgne and a lead-out zone to prevent an increase of the lead-in zone or
the lead-out zone and a decrease of a (user) data zone, and a method for using the same. SOLUTION
TO PROBLEM [0029]An information recording medium according to the present invention is an
information fétofdihg mediom ir@Whieh data isveedrdedtdreat ERist onessia phitalityiof fayers by laser
light incident on a surface of the information recording medium. The plurality of recording layers
include a firstrgeqrdingJayer; @nd secondithrough Nrthrecording layers{N is 8 jatpger;of 3;0r

greater) which are
conceivable tc decrease the size of the OPC areas. This can
suppress the ratic of the OPC area (and the reserved area)
with respect to the lead-in zone 13 or the lead-out zone 15.
However, as the size of the CPC areas is decreased, the
number of times the recording calibration can be performed is

decreased accordingly. In general, on mediums (recording

layers} for which recording calibration cannot be performed,

recording ~oiintformation—iIs-0

recording power or the like cannot Dbe guaranteed to be

sultable to such mediums. When the size of the COPFC area 1is

decreased and so recording calibration is made impossible,

recording cannot be performed anymore. This provides

disadvantages to the user at a high possibility and is not

preferable.

[0028] The present invention made in light of the above-

described problems has an obiject of minimizing the influence

which 1is exerted by recording calibration {test recording)

14



sequentially located in a direction from the first recording layer toward the surface on which the laser is
incident; each of the plurality of recording layers has a first calibration area and a second calibration
area located outer to the first calibration area; the first calibration area located in each of the first
through N-th recording layers is located at a different radial position from a radial position of the first
calibration area in each of the other recording layers; and the second calibration area located in each
of the first through N-th recording layers is located at the same radial position as a radial position of

the second cajibration ayeadn each of the. othgr recording layers [903QIA varying raje.widih of a

recording power used for the second calibration area may be equal to or smaller than a varying rate
width of a recording power used for the first calibration area. (0031]The first through N-th recording
layers may b€ 8ackB8Signetl phisical @ddrésses; the PHysicdl atdreszesin e firstreesrding layer
may be assigned in an ascending order

calibration area or test area) provided 1in each of a
plurality of recording layvers, on recgording calibration
performed in the other recording layers. Another object cof
the present invention is to provide an information recording
medium having an area arrangement by which recording
calibration areas are efficiently located in a lead-in zone
and a lead-out zone to prevent an increase of the lead-in
zone or the lead-out zone and a decrease of a (user) data

zoene, and a method for using the same.

SOLUTICN TO PROBLEM

[0029] An information recording medium according to the
present invention is an information reccording medium in which
data is recorded on at least one of a plurality of lavyers by
lager 1ight incident on a surface of the information
recording medium. The plurality of recording layers include
a first recording layer, and second through N-th recording

layers (N dis an integer of 3 or greater) which are



from an inner side toward an outer side, the physical addresses in the second recording layer may be
assigned in an ascending order from the outer side toward the inner side, and the physical addresses
in the third recording layer may be assigned in an ascending order from the inner side toward the outer
side; and the first calibration area and the second calibration area located in the first recording layer
may be used from the outer side toward the inner side, the first calibration area and the second
calibration area located in the second recording layer may be used from the inner side toward the

outer side, agg Q %lﬁt ibrafi n area and the second calibration area located in the third recording
layer may be uéeg rom t outgﬁj g?é%%tov%/grda théjl'ﬁrr?eérj[sjigg. [%I&éjﬁAgrggorgllnﬁsr%eﬁ‘u%%ogcgcjérrlging to
the present invention is for recording information on the above-described information recording
medium andleamprisesthecsteps of peferrsingresbrdiry cdlibratiorein atdeastonteoftthedinsth

calibration area and the second calibration area; and recording information on the information

recording mgdium,based.on aresulgf the recoring cajibrgtion, [Q03314 reproduction method,
according to the present
area and & second calibration area located outer to the first
calibration area; the first calibration area located in each
of the first through N-th recording layers is located at a
different radial position from a radial position of the first
calibration area in each of the other recording lavers; and
the second calibraticn area located in each of the first
through N-th recording layers is located at the same radial
position as a radial position of the second calibration area
in each of the other recording layers.
[0030] A varying rate width of a recording power used for
the second calibration area may be equal to or smaller than a
varying rate width of a recording power used for the first
calibration area.
(0031 The first through N-th recording lavers may be each
asslgned physical addresses; tThe physical addresses in the

first recording layer may be assigned in an ascending order

from an 1inner side toward an outer side, the physical
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invention is for reproducing information from the above-described information recording medium. At
least one of the first through N-th recording layers of the information recording medium has a control
area in which information on the information recording medium is recorded. The reproduction method
comprises the step of reproducing information on the information recording medium from the control
area. [0034]A recording method according to the present invention is for recording information on the
above-described information recording medium. Each of the plurality of recording layers has a

recording ca%gr g)g area apfqe fo D rf g’nin recqrding Ealibration to find an optimal recording
condition; an %thesreco%%lng rﬁet%og?{%e r%%gﬁd%lr% calibrafion is- Sgrféjr%e%ggr%/no%Aa 11<ntha(i2 is an
integer of 1 or greater and N or smaller) recording layer at the timing when recording is performed on
the k-th recordingrayerforcthddirst firme: ADVANTAGE OUSEFFEGT SO INVENTION §0085]0n a

recording medium including a plurality of recording layers, an area provided for performing recording

power callbigfian erainer pecaf cabratian ik whish faeording 1y condusted ala fegorging power not

guaranteed to be an optimal recording power while changing the recording power and thus
significantly influences the transmittance of the laser light passing the area, and an area provided for
strategy caliBratidhorBtRer type of calibratich,'by whieh redardingtis eondicted at dgecordingpower
fixed to the optimal power and thus does not much influence the transmittance of the laser light

passing the area, e separaied fromyeach other-in additie, the grea, provided,for performing the
calibration at a recording power which is not guaranteed to be an optimal recording power while
changing the recording power is located at a different radial position among different recording layers.
Owing to this2theizd ofthe®iréa rdqiirdaehy the OPE dred Tand fieredénfd arésy foht&cditing
calibration is suppressed to be minimum, and also the influence on the calibration results of other

recording layers.can beymipiRizedster side toward the inner side, the first
calibration area and the second calibration area located in
the second recording layer may be used from the inner side
toward the outer side, and the first calibraticon area and the
second calibration area located in the third recording layer
may be used from the outer side toward the inner side.
[C032] A  recording method according to the ©present
invention is for recording information on the above-described
information recording medium and comprises the steps of
performing recording calibration in at least one of the first
calibration area and the second calibration area; and
recording information on the information recording medium
based on a result of the recording calibration.

[0033] A reproduction method accerding to the present
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BRIEF DESCRIPTION OF DRAWINGS [0036] FIG. 1 is a structural view of a general optical disc
including three recording layers. FIG. 2 shows a recording layer of a general optical disc. FIG. 3A
shows an area arrangement of an optical disc according to Embodiment 1 of the present invention.

invention is for reproducing information from the above-
described information reccrding medium. At least one of the
first through N-th recording layers of the information
recording medium has a control area in which information on
the information recording medium 1is recorded. The
reproduction method comprises the step of reproducing
information on the information recording medium from the
control area.

[0034] A recording method according to the present
invention is for recording information on the above-described
information recording medium. Each o¢f the pluraiity of
recording layers has a recording calibration area usable for
performing recording calibration to find an optimal recording
condition; and by the recording method, the recording
calibration 1s performed only on a k-th (k is an integer of 1
or greater and N or smaller) recording layer at the timing
when recording is performed on the k-th recording layer for

the first time.

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

[0C35] On a recording medium including a plurality of
recording layers, an area provided for performing recording
power <calibration or other type of calibration, by which
recording is conducted at a recording power not guaranteed to
be an optimal recording power while changing the recording
power and thus significantly influences the transmittance of
the laser 1light passing the area, and an area provided for
strategy calibraticn or other type of calibration, by which
recording 1is conducted at a recording power fixed to the
optimal power and thus does not much influence the
transmittance of the laser light passing the area, are
separated from each other. In addition, the area provided for
performing the calibration at a recording power which is not
guaranteed to be an optimal recording power while changing the
recording power 1s located at a different radial position
ameng different recording layers. Owing to this, the size of
the area required by the OPC area (and the reserved area) for
recording calibraticn 1is suppressed toe be minimum, and also
the influence on the calibration results of other recording

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

BRIEF DESCRIPTION OF DRAWINGS

[0038]

FIG. 1 1s a structural view of a general optical disc

including three recording lavers.

FIG. 2 shows a recording laver of 2 general optical

disc.

FIG. 3A shows an area arrangement of an optical disc

according to Embodiment 1 of the present invention.

FIG. 3B shows a modification of the area arrangement of

The optical disc.

FIG. 3C shows a modification of the area arrangement of

the optical disc.

FIG. 3D shows a modification of the area arrangement of

the optical disc.

FIG. 3E shows a modification of the area arrangement of

the optical disc.

FIG. 3F shows a modification of the area arrangement of

the coptical disc.

FIG. 4 shows a range influenced by laser light radiation
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according to Embodiments 1, 2 and 3 of the present invention. FIG. 11 shows another example of an
area arrangement of an optical disc according to Embodiment 1 of the present invention. FIG. 12
shows an area arrangement of an optical disc according to Embodiment 2 of the present invention.
FIG. 13 shows how to use the areas of the optical disc according to Embodiment 2 of the present
invention.

according teo Embediments 1, Z, 3 and 4 of the present
invention.

FIG. 5 shows how to use the areas of the optical disc
according to Embodiment 1 of the present invention.

FIG. 6 shows the order in which the power calibration
areas of the optical disc are used according to Embodiment 1
of the present invention.

FIG. 7 shows a data structure relating to recording
calibration in the optical disc according to Embodiment 1 of
the present invention.

FIG. 8 shows information relating to power calibration
in the optical disc according to Embodiment 1 of the present
invention.

FIG. @ is a structural view of an optical disc recording
and reproduction apparatus according to Embodiments 1, 2 and
3 of the present invention.

FIG. 10 shows a recording calibration procedure
according to Embodiments 1, 2 and 3 of the present invention.

FIG. 11 shows another example of an area arrangement of

an optical disc according to Embodiment 1 of the present
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FIG. 14 shows a data structure relating to recording calibration in the optical disc according to
Embodiment 2 of the present invention. FIG. 15 shows an area arrangement of an optical disc
according to Embodiment 3 of the present invention. FIG. 16 shows how to use the areas of the
optical disc according to Embodiment 3 of the present invention. FIG. 17 shows a data structure
relating to recording calibration in the optical disc according to Embodiment 3 of the present invention.
FIG. 18 shows a flow illustrating a concept of a general recording calibration procedure. FIG. 19
shows an area.arrangement of an optical disc in an example of the conventional art. FIG. 20 shows an
area arrangement of an optical disc

iG. 12 shows an area arrangement of an optical disc
according to Embodiment 2 of the present invention.

FIG. 13 shows how to use the areas of the optical disc
according to Embodiment 2 of the present invention.

FIG. 14 shows a data structure relating to recording
calibration in the optical disc according to Embodiment 2 of
the present invention.

FIG. 15 shows an area arrangement cof an optical disc
according to Embodiment 3 of the present invention.

FIG. 16 shows how to use the areas of the optical disc
according to Embodiment 3 of the present invention.

FIG. 17 shows a data structure relating to recording
calibration in the optical disc according to Embodiment 3 of
the present invention.

FIG. 18 shows a flow illustrating a concept of a general
recording calibration procedure.

FIG. 18 shows an area arrangement of an optical disc in
an example of the conventional art.

FIG. 20 shows an area arrangement of an optical disc



including three recording layers to which the conventional art is applied. FIG. 21 shows an area

arrangement of an optical disc according to Embodiment 4 of the present invention.

FIG. 22 shows

another example of an area arrangement of an optical disc according to Embodiment 4 of the present
invention. FIG. 23 shows how to use the recording calibration areas A of the optical disc according
to Embodiment 4 of the present invention. FIG. 24 shows a data structure relating to recording

calibration in the optical disc according to Embodiment 4 of the present invention.

FIG. 25 shows a

specific example afjnformation (elating fp refrding cafibration i the.ppicel dise, Ageqreing o

Embodiment 4 of the present invention.

art 1s applied.

FIG. 21 shows an area arrangement of an optical disc

according to Embodiment 4 of the present invention.

FIG. 22 shows another example of an area arrangement of

an optical disc according to Embodiment 4 of the present

invention.

FIG. 23 shows how fo use the recording calibration areas

A of the optical disc according to FEmbodiment 4

present invention.

of the

FIG. 24 shows a data structure relating to recording

calibration in the optical disc according to EZmbodiment 4 of

the present invention.

FIG. 25 shows a specific example of information relating

to recording calibraticon in the optical disc according to

Embodiment 4 of the pregent invention.

FIG. 26 1s a structural view of an optical disc

recording and reproduction apparatus according to Embodiment

4 of the present invention.

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

according to Embodiment 4 of the present invention.

FIG. 28 shows the relationship between the varying rate
width of the recording power used for the power calibration
area anc that used for the strategy calibration area.

FIG. 28 shows an example of a structure of a multi-layer
disc.

FIG. 30 shows an example of a structure of a single
layer disc.

FIG. 31 shows an example of a structure cf a two-laver

disc.

i FIG. 32 shows an example of a structure of a three-layer

disc.

FIG. 33 shows an example of a structure of a four-layer

disc.

FIG. 34 shows a physical structure of an optical disc

601 according to Embodiment 5.

FIG. 35(A) shows an example of a 25 GB BD, and

FIG. 35{(B) shows an example c¢f an optical disc having a

higher reccrding density than that of the 25 GB ED.

FIG. 36 shows how a mark stream recorded on a track 1is
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FIG. 30 shows an example of a structure of a single layer disc. FIG. 31 shows an example of a
structure of a two-layer disc. disc. disc. FIG. 32 shows an example of a structure of a three-layer FIG.
33 shows an example of a structure of a four-layer

irradiated with a light beam.
FIG. 37 shows the relationship between the OTF and the
shortest recording mark when the recording capacity is 25GB.
FIG. 38 shows an example in which the spatial frequency
of the shortest mark (27T} 1s higher than the OTF cutoff

frequency and the amplitude of a 27 reproduction signal is 0.

DESCRIPTION OF EMBODIMENTS

[0037] Herelinafter, embodiments of an information
recording medium, and an apparatus and a methocd for
performing information recording and/or information

reproduction according tTo tThe Dpresent invention will be
described with reference to the attached drawings.

[0038] In the embodiments of the present invention, a
write once information recording medium on which recording
can be performed conly cnce 1s used as an information

recording medium.

{EMBODIMENT 1)

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

[0039] FIG. 1 shecws a stacking structure of a write once
cptical disc 1 including three recording layers.

[0040] As shown in FIG. 1, the optical disc 1 includes LO
layer {reccrding layer 3), L1 layer (recording laver 5) and
L2 laver (recording layer 7) sequentially from the one
farthest from a cover layer 8 of the optical disc 1
irradiated with the laser light {(namely, sequentially from a
substrate 2 toward the cover layer 8 on which the laser light
is incident}.

[0041] As shown in FIG. 2, each recording layer includes a
lead-in zone 13f a data zone 14 and a lead-out zone 15.

{00427 FIG. 32 shows an area arrangement of the write once
optical disc 1 according to Embodiment 1 of the present
invention. The write once optical disc 1 includes three
recording layers. The lead-in =zone 13 of each recording
layer includes a power calibration area and a strategy
calibration area each as an OPC area for recording
calibration. Iin the example shown here, the L0 layer
includes a power calibration area 20 and a strategy

calibration area 30, the L1 layer includes a power
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radiated with a light beam. FIG. 37 shows the relationship between the OTF and the shortest
recording mark when the recording capacity is 25 GB. FIG. 38 shows an example in which the
spatial frequency of the shortest mark (2T) is higher than the OTF cutoff frequency and the amplitude
of a 2T reproduction signal is 0. DESCRIPTION OF EMBODIMENTS -
[0037]Hereinafter,embodimentsofaninformation recording medium, and an apparatus and a method for
performing information recording and/or information reproduction according to the present invention
will be descrikbed Wwith refererrceso this attached deawingsc[P038]In theaembodiments fithe prelsent
invention, a

the 12 layer inciudes a power calibration area 22 and a
strategy calibration areaz 32. An area of one recording lavyer
which is located at the zsame radial position as that of the

power calibration area of ancther recording layer is assigned

as a regerved area 40.

[0043] The power calibration area 1is an area usable for
performing calibration of a recording power (power
calibration). The power calibration area is mainly used for

finding an ocoptimal recording power by performing recording

therein while, for example, changing the recording power. As

shown in FIG. 3A, the power calibration area 20, the power

calibration area 21 or the power calibration area 22 present

in each recording laver is located so as not to include an

area overlapping the power calibration area of another

recording layer in the radial direction, i.e., is located at

a different radial position from the power calibraticn area

of another recording layer. The reason 1s, as described

above, a difference in an optical characteristic such

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

recording state of another recording layer (especially, the
transmittance or reflectance in the case where an area of
another recording layver located at an overlapping radial
position was used for power calibration of performing
recording while changing the recording power) significantly
influences the recording power. The above setting is
especially made such that an area of another recording laver
which passes the laser light for recording calibration does
not overlap an area which was used for power calibration of
performing recording while changing the recording power. For
example, the optical characteristic can be prevented from
being wvaried by keeping constant the recording state of
znother reccrding layer {(by putiting the reserved area 40 into

an unused state).

[0044] The strategy calibration area is an area usable for
performing recording pulse width calibration {strategy
calibration). The strategy calibration area 1is mainly used

for finding an optimal strate o) erformin recording
G P g y P g g

therein while, for example, fixing the recording power at the

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

As shown in FIG. 3A, the strategy calibration area 30, the
strategy calibration area 31 or the strategy calibration area
32 present in each recording layer 1is secured as a different
area from the power calibration area, and is located so as to
include an area overlappling the strategy calibration area of
another recording layer in the radial direction, 1.e., 1is
located at the same radial position as the strategy
calibraticn area of ancther recording layer as shown in
FIG 3A. Such an arrangement 1s made because the strategy
calibration is performed after the power calibration, namely,
after a recording power generally suitable to each recording
layer 1is determined. The transmittance balance of an area
having data recorded at a recording power generally suitable
to the optical disc 1 is not largely destroyed, and the
transmittance can be suppressed within a prescribed range in

such an a: By strategy calibration, recording is

3
0]
)

performed at a recording power suitable to the optical disc 1.

Therefore, even 1if recording is performed with laser light

which was passed through an area of ancother reccrding layer
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layer includes a power calibration area and a strategy calibration area each as an OPC area for
recording calibration. In the example shown here, the LO layer includes a power calibration area 20
and a strategy calibration area 30, the LI layer includes a power calibration area 21 and a strategy
calibration area 31, and the L2 layer includes a power calibration area 22 and a strategy calibration
area 32. An area of one recording layer which is located at the same radial position as that of the
power calibration area of another recording layer is assigned as a reserved area 40. [0043]The power
calibration afea is'an @nea usablesfoy perfolmingpcdlibration of aarbcerding power {power calibration).
The power calibration area is mainly used for finding an optimal recording power by performing
recording th?@éﬁ%‘fﬂ] e, for exam I%hchagglngethg recordin e{}oweﬁ As shown in FIG. 3A, the power
calibration area 2 e power cali bratlon area 21 or the po r calibration area 2 present in “each
recording layer is located so as not to include an area overlapping the power calibration area of
another recordirgi-layériinithe radiaf directiondi.ek is lochted ateadifféient radiad positiod fronh¢he
power calibration area of another recording layer. The reason is, as described above, a difference in
an optical chiaraeteristic.sch anamtance: refiegtange o g Jke caugedy the fecarding slate of
another recording layer (especially, the transmittance or reflectance in the case whe area of
another recording layer located at an overlapping radial position was used for power calibration of
performing reedfding while changing the recording power) significantly influences the recording power.
The above setting is especially made such that an area of another recording layer which passes the
laser light for sgcording calibratign doeg not overlap an.aregwhich was ysed for power calibration of
performing recording while changing the recording power. For example, the optical characteristic can
be prevented from being varied by keeping constant the recording state of another recording layer (by
putting the regért/d&re3 20 MEGan ufdised sfige).reserved areas of two adjacent

recording layers are shown as being exactly the same radial
position, In actuality, however, the borders do not need to
be exactly the same radial position. The borders between the
power calibration areas and the reserved areas of two
adjacent recording layers may be deviated due to aligning
errors of the recording layers made during the optical disc
producticn, or influences of characteristics of laser light

[0046] In Embodiment 1 of the present invention, an
exampie in which the OPC areas for recording calibration are
located in the lead-in zone 13 will be described. However,
the present invention is not limited to this. The OPC area
for recording calibration may be located in the lead-cut zone

15 in addition to the lead-in zone 13, or either in the lead-
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[0044]The strategy calibration area is an area usable for performing recording pulse width calibration
(strategy calibration). The strategy calibration area is mainly used for finding an optimal strategy by
performing recording therein while, for example, fixing the recording power at the recording power
suitable to the optical disc 1 which was found by the power calibration and changing the pulse width.
As shown in FIG. 3A, the strategy calibration area 30, the strategy calibration area 31 or the strategy
calibration area 32 present in each recording layer is secured as a different area from the power
calibration area,zanteis1Scated sbeasltesinelude ancarealdverlappmgithe strategyrealibsgtion area of
another recording layer in the radial direction, i.e., is located at the same radial position as the strategy

callbration afeg 9 another [ecording ayer,as.a000m MELS 34, SHCh apanangementismads.
because the strategy calibration is performed after the power calibration, namely, after a recording
power generally suitable to each recording layer is determined. The transmittance balance of an area
having datatecorded at aretording power generallyl stitabletto dfie gptical diserk isinot largely

destroyed, and the transmittance can be suppressed within a prescribed range in such an area. By

strategy cal@@iog,ggggredéngiiﬁ perfarmed a girgcogt(}igg pg\%gr suiﬁplettlg jj[fﬁ]e %prhc&k Qli%: n]t'

Therefore, even if recording is performed with laser light which was passed through an aréa of another
recording layer in which strategy calibration was already performed, the transmittance of the current
strategy calibpatioreareads Abt substdrttially rfflueneed byahe recording state of five afatheetecording
layer (can be suppressed to a negligible level). [0045]InFIG. 3A,thebordersbetweenthepower

calibration area may be located at any positicn as long as
both of the areas are located on the same recording layers.
The reason for this is that the issue of this embodiment is
the positional relationship among the power calibration areas
respectively located on a plurality of recording lavers and
alisc the positional relaticnship among the strategy
calibration areas respectively Iocated on a plurality of
recording layers. As long as the condition that the power
calibraticon area and the strategy calibration area are both
located on the same recording layer, it is not necessary that
hoth of the areas are located in the same zone {the lead-in
zone 13, the lead-out zone 15, etc.). For example, the power
calibration area and the strategy calibration area may be
separately located in different areas, such that the power

calibraticon area is located in the lead-in zone 13 and the
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calibration areas and the reserved areas of two adjacent recording layers are shown as being exactly
the same radial position. In actuality, however, the borders do not need to be exactly the same radial
position. The borders between the power calibration areas and the reserved areas of two adjacent
recording layers may be deviated due to aligning errors of the recording layers made during the optical
disc production, or influences of characteristics of laser light. [0046] In Embodiment 1 of the present
invention, an example in which the OPC areas for recording calibration are located in the lead-in zone
13 will be describedalHowever; the: present fvention is°AGEIMIited tothisl The-©ORCT areadoi Fecording
calibration may be located in the lead-out zone 15 in addition to the lead-in zone 13, or either in the
lead- in zonioje%gr the Ieﬁg-&)utﬁ ne }gggﬁe‘ggg E?%%rgi%la%grﬂogg]dgst@; egrét&odim&[l\ ,ittfe entire
CPC areas (both 01J the power calibration area and the strategy calibration area) are located in the
lead-in area 13. In this embodiment, however, each of the power calibration area and the strategy
calibration a¥é& maywerloczted ar afiy positioieas lohg ashotiecktheiargastaredocated oS tive same
recording layers. The reason for this is that the issue of this embodiment is the positional relationship
among the payer.calibration areas respectively, located-on. g plurality, of reqording Javers and.ajso the
positional relationship among the strategy calibration areas respectively located on a plurality of
recording layers. As long as the condition that the power calibration area and the strategy calibration
area are bothll6c&tedl offthesahie recordingdayer: ftis AbErecessantthat both oftheraread are
located in the same zone (the lead-in zone 13, the lead-out zone 15, etc.). For example, the power
calibration areg and the stategy calibration.afga may be sgparately lacated in different.aregg.such
that the power calibration area is located in the lead-in zone 13 and the strategy calibration area is
located in the lead-out zone 15. [0048] Now, the reserved area 40 will be described. Until the power
calibration aféa Bf Gihe rEcSTHITY 185eris ket e resaRiebcares 1R andtiiet rdCoréiingiayeér focated
between the one recording layer and the disc surface (the laser light incidence surface) is kept in an
unused statg;Inthe case of a writerence optical disc, the reserved area 40 is kept in an unrecorded
state. [0049]The positions of the areas in FIG. 3A is merely an example, and the areas may be located
at different paositions. [0050] For example, in FIG. 3A, the power calibration areas are sequentially
located from-h& iRher sidd 8 tHEEO TayartoRard-the GUierSide th the12 Rer THEEShérel an
example. Any area arrangement is sufficient as long as the following conditions are fulfilled: the power
calibration ateasmare:=lpcated aftrdifferent positions among:thedeeardinglayets; andan arearlecated at
a corresponding position to that of the power calibration area of another recording layer is in an

unused statg e the sy callpiaio,area,of he Arotgr recprding ayer s i use, Far example

areas are seguentially located from the inner side in the LO
ilayer toward the outer side in the L2 layer. This is merely
an example. Any area arrangement is sufficient as long as
the following conditions are fulfilled: the power calibration
areas are located at different positions among the recording
layers; and an area located at a corresponding position to
that of the power calibration area of another recording laver
is in an unused state when the pcwer calibration area of the

another recording layer 1is in use. For example, Tthe power



calibration areas may be located in the recording layers as shown in FIGS. 3B through 3F. It is
understood that in any of FIGS. 3B through 3F, the power calibration areas are located at different
positions among different recording layers. [0051]FIG. 4 shows the influence of laser light on each
recording layer.For example, it is assumed that recording is performed in an area 400 of LO layer
continuously. Laser light is collected on LO layer and moves between a range 410 and a range 411.
Therefore, the information recording in the area 400 of LO layer is influenced by the optical
characteristicprovided hyrthe: recording state ofLan areal40hoftld dayes anddise; by the=opticak
characteristic provided by the recording state of an area 402 of L2 Iayer When information is recorded
on one recor%n%layer t E‘e ghth%llq:%eﬁ Illghtaig.ansrry edltshr% %corglng )éer JS Iargler as the
recording Iayer is shallower than the one rec rding layer (i.e, closer?o the fz Iaser jht incidence
surface). Therefore, in order to keep constant the optical characterlstlcs of the reserved area of such a
shallower reordihgIayetss) toibectrarismiad by tve |laserdight, arameély ziniorder $o keep thee
recording state of such a reserved area in an unused state, the reserved area needs to have a size at
icast approxmAtel aiginadhie expansion ofdne Jaser ol gn eadh, 4 10e shelloweriaeerding
layer(s). For this reason, the actual arrangement of the power calibration areas need to be made in
consideration of such an influence as well as the radial positions.

layers.

[0051] FIGZ. 4 shows the influence of laser light on each
recording layer. For example, it 1s assumed that recording
is performed in an area 400 of LO layer continuocusly. Laser

light 1s collected on LO layer and moves between a range 410
and a range 411. Therefore, the information recording in the
area 400 of L0 layer is influenced by the optical
characteristic provided by the recording state of an area 401
of L1 lavyer and alsc by the optical characteristic provided
by the recording state of an area 402 of L2 laver. When
information is rececrded on one recording layer, the areca of
the laser light transmitted through a recording. layer 1is
larger as the reccrding layer 1s shallower than the one
recording layer (il.e., closer to the laser light incidence
surface) . Therefore, in order to keep constant the optical

characteristics of the reserved area of such a shallower
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[005211t should be noted that although the positions are not exactly the same in radial direction, but
such influences will not be described unless otherwise specified in this specification, for the
convenience of explanation. Namely, even where not explicitly described, the influence of the aligning
errors and the expansion of the laser light should be considered. A person of ordinary skill in the art
would expect how far such an influence is exerted and so could provide an arrangement of power
calibration areas, reserved areas and strategy areas in consideration of such an influence. In this
specifications the ratlialcpositiors-Which are the samewitia the influence ofithe aligring arferstgnd the
expansion of the laser light being considered may be explicitly referred to the "same radial range
positions” o%cagﬁsféopally, alaqud SUJ_QCE] "garq:eo raq(iglergosi%iggs" stéll g\ggﬂ? thesseajgflueg%es. Og 3]As
described above, 'ayﬁower calibration aréa is an area in which record?ng iS peﬁormed ata recoarding
power which is not guaranteed to be an optimal recording power while changing the recording power.
The recordingepewerdsed for therpewercalibration:may possibly:Bes strorgeroraveakes thantthe
optimal recording power, and the transmittance of the laser light transmitted through the recorded

power callbraign atea,may nof be constant,de iansputapce halance, may possibly.oe destgyed).
Namely, in the case where in order to per recording calibration on‘a recor mé) ayer, the laser light
passes an area of another recording layer on which power calibration has already been performed,
this may sighificardthsinfluencdrtherecereiniy cdlibrdtionvesdlisof; especially] ‘anecording layer(s)
deeper (farther) from the light incidence surface. By contrast, a strategy calibration area is an area in
which For this reason, the actual arrangement of the power
callbration areas need to be made in consideration of such an
influence as well as the radial positions.
[0052] It should ke noted that although the positions are
not exactly the same in radial direction, but such influences
wlill not be described unless otherwise specified in this
specification, for the cenvenience of explanation. Namely,
even wiere not explicitly described, the influence of the
aligning errors and the expansion of the laser light should
be considered. A person of ordinary skill in the art would
expect how far such an influence 1is exerted and so could
provide an arrangement of power calibration areas, reserved
areas and strategy areas in consideration of such an

influence. In this specification, the radial positions which

are the same with the influence of the aligning errcrs and
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recording is performed at an optimal recording power or a recording power which is guaranteed to
generally suitable in order to find an optimal strategy or the like.Therefore, the influence of the
transmittance caused by the recording state of the other recording layers is almost negligible.
[0054]As described in Embodiment 1 of the present invention, a power calibration area is located at a
different radial position from the power calibration area of another recording layer, and a strategy
calibration area is located at the same radial position among all the recording layers. Owing to such an
arrangement;the recprding calibrdtion results:efall the gecording layers are jprateetéd mgainstdeing
influenced by the recording state of a different recording layer.In addition, the size of areas secured as

OPC areas, é{gﬂﬁq g&etrle}guirieedf\gggg éhe @gmkg%reof r;egg&%ingflg&elras }js increased ic.)%. 3 Ick}"eo%)stal size of

the power calibration area, the strategy calibration area and the reserved gpega?s)) can be suppressed

to be minimum.As a
occasionally, and such "same radial positions" still include

these influences.

{00537 As described above, a power calibration area is an
area in which recording is performed at a recording power
which is not guaranteed to be an optimal recording power
while changing the recording power. The recording power used
for the power calibration may possibly be stronger or weaker
than the optimal recording power, and the transmittance of
the laser 1ight transmitted through the recorded power
calibration area may not be constant (the transmittance
balance may possibly be destroyed). Namely, 1in the case
where in order to perform recording <calibration on a
recording layer, the laser light passes an area of ancther
recording layer on which power calibration has already been
performed, this may significantly influence the recording
calibration results of, especlally, a recording layer(s)
deeper (farther) from the light incidence surface. By

contrast, a strategy calibration area 1s an area in which
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result, an area necessary for recording calibration can be secured, and the problem that the number of
times of usage by the user (= the number of times the recording calibration can be made) is
decreased is solved. In addition, an increase of the size of the lead-in zone 13 or the lead-out zone 15
can be suppressed, and the problem that the size of the data zone 14 is decreased and the size of the
area usable by the user is decreased can be solved. [0055]The reserved area 40 is basically kept
unused, but may be used depending on the conditions. Specifically, this area only needs to be unused
until the powes calibratign areaef afothesdecording:layertismsed (e the-cdse;of gowrite ance aptical
disc, unrecorded). Namely, after the power calibration area of the another recording layer located at
the same radial Bcg%'tlion is_ used tmagr%a is usable Wittg no&'nf{%ence. Accq?é}ggé)éiggg%ﬁ%mple, when

g by .
a strategy calibration area’1s Short Of, Or out of, Capacity, the reserved area re-asdsignéd and

used as a strategy calibration area. [0056]This is applicable to other areas as well as the reserved
area 40.For exdmplef whénapower calibratidn strategy or the like. Therefore,

the influence of the transmittance caused by the recording
state of the other recording lavers is almost negligible.

[0G54] As described in Embodiment 1 of the present
invention, a power calibration area i1s located at a different
radial positien from the power calibration area of another
recording layer, and a strategy calibration area is located
at the same radial position among all the recording layers.
Owing to such an arrangement, the recording calibration
results of all the recording layers are protected against
bPeing 1influenced by the recording state of a different
recording layer. In addition, the size of areas secured as
OPC areas, which are required when the number of recording
layers 1s 1increased (i.e., the total size of the power
calibration area, the sgstrategy calibratien area and the
reserved area(s)) c<an be gsuppressed to bs minimum. As a
result, an area necessary for recording calibration can be

secured, and the problem that the number of times of usage by



areas is used up but the strategy calibration area still has some room left, a part of such a strategy
calibration area may be re-assigned and used as a power calibration area, as long as the recording
state of the other recording layers at the same radial position is in the same state (unused); or vice
versa. The reserved areas may be used for other purposes than recording calibration, for example, for
recording of updates of the management information or for storing inherent information of the
recording apparatus which performed the recording. (2) How to use the areas [0057]In general, an
access to thetopticalkdisc £ is madewusing anfaddresss physicalycassignes om theorecording dayer
(physical address; hereinafter, referred to simply as "PBA"). A physical address is roughly classified as
one physica&errpggdge%n H1e form ofda \{nggL)el%retge like on tggitQack 11 of the disc, i.e., on.a wall

ecrease : N a O N Inergass o
surface of the recordefng groove; or as one provided in the data recorded dn the disc. TR this

specification, the "physical address" indicates the former, namely, the one physically embedded using
the wobble drithesize of the lead-in zone 13 or the lead-out zone 15 can

be suppressed, and the problem that the size of the data zone
14 is decreased and the size of the area usable by the user
is decreased can be solved.

[0055] The reserved area 40 1s basically kept unused, but
may be used depending on the conditions. Specifically, this
area only needs to be unused until the power calibration area
of another recording layer is used {(in the case of a write
once optical disc, unrecorded). Namely, affer the power
calibration area of the another recording layer located at
the same radial pesition is used, this area is usable with no
influence, Accordingly, for example, when a strategy
calibration area 1s short of, or out of, capacity, the
reserved area can be re-assigned and used as a strategy
caiibration area.

[0056] This is applicable to other areas as well as the
reserved area 40. For example, when a power calibration

areas 1s used up but the strategy calibraticn area still has



like of the recording groove, unless otherwise specified. (0058]Physical addresses (PBAS) are
sequentially assigned in an ascending order in the direction of the track path of the disc.More
specifically, in the case of a two-layer recording disc including two recording layers (LO layer and LI
layer), an addressing method called "opposite path" is generally used.Namely, physical addresses are
assigned in an ascending order from the inner side toward the outer side in LO layer, whereas physical
addresses are assigned in an ascend g order from the outer side toward the inner side in LI layer.
[0059]FIG. shewsranaxdmple,of howie usethefpowera strategy calibration area

may be re-assigned and used as a power calibration area, as
long as the recording state of the other recording layers at
the same radial peosition is in the same state (unused); or
vice versa. The reserved areas may be used for other
purposes than recording calibration, for example, for
recording of updates of the management information or for
storing inherent informaticon of the recording apparatus which

performed the recording.

{2) How to use the areas
fO0057] In general, an access to the optical disc 1 is made
using an address physically assigned on the recording lavyer
{physical address; hereinafter, referred to simply as "PBA").
A physical address 1s roughly classified as one physically
embadded in the form of a wobble or the like on the track 11
of the disc, i.e., on a wall surface of the reccrding groove;
or as one provided in the data recorded on the disc. In this
specificaticon, the "physical address"™ indicates the former,

namely, the one physically embedded using the wobkble or the
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calibration areas and the strategy calibration areas in a write once op cal disc according to
Embodiment 1 of the present invention. In the example of FIG. 5, the same area arrangement as
shown in FIG. 3 is used. However, the method of using the power calibration areas and the strategy
calibration areas described below is applicable to any area arrangement of FIGS. 33 through 3F.
[0060]In FIG. 5, arrows represent the directions in which the power calibration areas and the strategy
calibration areas are used (recording directions). [0061]As shown in FIG. 5, the power calibration
areas are useidkia thé oppesite: disectiontothedrack path-Ehe reasomis as follews. Atdhe stage of
power calibration, the power has not been adjusted, naturally. It cannot be guaranteed at which power

the recording wi performed. Therefare, the trac y be possibly destrayed by performing
recording at%qﬂwggc%ssivgymmaﬁ%%%veg?%lﬁreosnss?dge Z\% %Z{g %) 3%%1}/%%1?%/% R£C S

ar 10n
c ration of this, th Wer calibration areds are used

in the opposite direction to the track path. [0062]FIG. 6 shows an example of how to use the power
in an ascending order in the direction of the track path of

the disc. More specifically, 1in the case of a two-laver
recording disc including two recording lavers (L0 laver and
L1 layer), an addressing method called "opposite path" is
generally used. Namely, physical addresses are assigned in
an ascending corder from the inner side toward the outer side
in LO layer, whereas physical addresses are assigned in an
ascending order from the outer side toward the inner side in
.1 laver.

[0059] FIG. 5 shows an example of how to use the power
calibration areas and the strategy calibration areas in a
write once optical disc according to Embodiment 1 of the
present invention. In the example of FIG. 5, the same arca
arrangement as shown in FIG. 3 is used. However, the method.
of using the power calibration areas and the strategy
calibration areas described below is applicable to any area
arrangement of FIGS. 3B through 3F.

[00e0] In FIG. 5, arrows represent the directions in which
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calibration areas more specifically. A method of using the power calibration areas in the opposite
direction to the track path will be described. In FIG. 6, the power calibration area 20 of LO layer will be
described as an example. [0063]Whereas the track path of LO layer is used from the inner side toward
the outer side, the power calibration area 20 is used from the outer side toward the inner side. Namely,
the first time the power calibration area 20 is used, as shown in FIG. 6(a), a position which is inner
from the outer border of the power calibration area 20 by the size to be used is set as the start position
of the data. THen, tRE §afa i fecorded hthe diFsction 6f the tFack patht T0E4IThe e il the power
calibration area 20 is used,

areas are used (recording directions).

10061 ] As shown in FIG. 5, the power calibration areas are
used in the opposite direction to the track path. The reason
is as follows. At the stage of power calibration, the power
has not been adjusted, naturally. It cannot be guaranteed at
which power the recording will be performed. Therefore, the
track 11 may be possibly destroyed by performing recording at
an excessively high power. In consideration of this, the
power calibration areas are used in the opposite direction to
the tTrack path.

[0062] FIG. & shows an example of how to use the power
calibration areas more specifically. A method of using the
power calibration areas in the opposite direction to the
track path will be described. In FIG. 6, the power
calibration area 20 of L0 layer will be described as an
example.

[0063] Whereas the track path of L0 layer is used from the
inner side toward the outer side, the power calibraticn area

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

the first time the power calibration area 20 is used, as
shown in FIG. 6{a}), a position which is inner from the cuter
border of the power calibration area 20 by the size to be
used 1ig set as the start position of the data. Then, the
data is recorded in the direction of the track path.

[0064] The next time the power calibration area 20 1ls used,
as shown in FIG. 6(b), the start position of the recording in
FIG. 6(a) is set as the end position. A position which is

inner from the end position by the size to be used is set as

the start position of .the data. Then, the data is recorded
in the direction of the track path. This 1s repeated
thereafter. Ags a result, as shown in FIG. 6{c), aven after

the power calibraticon area 20 is used N times, the start

position of a track path inner from the used track paths is

kept in an unreccorded state.

[G065] By contrast, the strategy calibration areas are

used in one same direction as shown in FIG. 5.

[0066] The reason why such a method of use is adopted will

be described in more detail. An access to the optical disc

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

the like are made in an ascending order of the PBA. For
making an access to a target address for recording or the
like, confirmation processing {synchronization) of the access
position 1s performed ag follows. The optical head (not
shown) 1s moved (seek operation) to a position before the
target address, and the optical head is moved along the track
11 relying on the reflected 1light from the track 11,
utilizing the rotation of the optical disc 1 by focus servo,
until reaching the target address. Thus, the optical head is
made ready to emit laser light for recording and reproduction
from the target address.

[0067] Since such an access method is used, 1f the power
calibration area is used in the ascending order of the FPBA
like the track path, the following occurs. When the track isg
destroyed as described above, the address cannot be obtained
the next time the power calibration area is used because the
area before the target address is destroved. As a result,
the optical head cannot seek to an area before the target
address, and cannot access the target address.

100681 The strategy calibration area 1s used after the
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making an access to a target address for recording or the like, confirmation processing
(synchronization) of the access position is performed as follows. The optical head (not shown) is
moved (seek operation) to a position before the target address, and the optical head is moved along
the track 11 relying on the reflected light from the track 11, utilizing the rotation of the optical disc 1 by
focus servo, until reaching the target address. Thus, the optical head is made ready to emit laser light
for recording and reproduction from the target address. [0067]Since such an access method is used, if
the power calibration areails useddn the aseendingzdrder of thesPBadike the track palthy thesfdllowing
occurs. When the track is destroyed as described above, the address cannot be obtained the next time
the power C%I}ilbrat Qn area is useg because %he %reghbaeéore thg }_L%raqgt address is,fgestrc()jyeac}t As a

[ . 1UTT udralice rec LS iy e
result, the optlcaﬁ%ea cannot seek%o an area before the target a I%SS, ar?decannot access ﬁ1e target

address. [0068]The strategy calibration area is used after the power calibration,, after the power is
adjusted. Thereforellitis guaranteed tikataédordingliserformed At a recortingl polwercgenerally
suitable to the optical disc. For this reason, such a restriction that the strategy calibration area is used

in the oppositg;direction 1o the;iragk path.is.nof pecessary, nlike the power calibration area Hence, it

is conceivable as one example, as shown in FIG. 5, that the strategy calibration areas of all the
recording layers are used in the same direction (for example, from the outer side toward the inner side,
regardless GiiReé ditEctidP st tHe traclepathot $ie fecoiding Tayets)F© the track path is

not necessary, unlike the power calibration area. Hence, 1t
is concelvable as one example, as shown in FIG. 5, that the
strategy calibration areas of all the recording lavyers are
used in the same direction {(for example, from the outer side
toward the inner side, regardless of the direction of the
track path of the recording layers).

[C069] With such a manner of use, 1f a power calipration
area 1s used up but the strateqy calibration areas of all the
recording layers still have some rcom left, this mannexr of
usage makes it possible to assign a strategy calibration
areas for power calibration. More specifically, the strategy
calibration areas may be used as follows. The strategy
calibration areas of all the reccocrding layers are used from
the outer side toward the inner side. When The strategy

calikraticn areas of all the recording layers have some
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[0069]With such a manner of use, if a power calibration area is used up but the strategy calibration
areas of all the recording layers still have some room left, this manner of usage makes it possible to
assign a strategy calibration areas for power calibration. More specifically, the strategy calibration
areas may be used as follows. The strategy calibration areas of all the recording layers are used from
the outer side toward the inner side. When the strategy calibration areas of all the recording layers
have some capacity left, a part at the innermost end of a strategy calibration area can be re-assigned
as the power Tafibratisn areatfor powet Ealibfdtior {Fecats iR iRherfiodt ehd isuntiséd T8l the
recording layers, the same condition as that of the power calibration areas can be guaranteed). (3)

How to provide infarmation on-the QR areas d0QZ0]inthecase of adewsiable optical discisych as
BD-RE, the OPC areas can be randomly used. By contrast, in the case of a write once optical disc
such as BD-R, recording can be made only once in the OPC areas also. As described above,

recording may fot be’perfBitied atdhoptifarttiver REMRRYSPC Afdas, SpBERNY in tFE Powet

calibration areas. Therefore, how much of the areas has been used may not be determined based on

the recordingrsiatecof the naadiumrAs theqwraber-of recesdipg layees of areasdpereasesyit is wasteful
to check the using state of all the areas each time. Therefore, it is effective that a write once optical

disc or the like has pointer information which indicates how much of the areas has been used as
manageme ﬁﬁwﬁgﬂ5He power calibration areas can be guaranteed).

(3) How to provide information on the OPC areas
[0070] In the case of a rewritable optical disc such as
BD-RE, the OPC areas can be randomly used. By contrast, in
the case of a write once optical disc such as BD-R, recording
can be made only once in the OPC areas also. As described
above, recording may not be performed at an optimal power in
the OCPC areas, especially in the power calibration areas.
Therefore, how much of the areas has been used may not be
determined based on the recording state of the medium. As
the number of recording layers or areas increases, it 1is
wasteful to check the using state of all the areas each time.
Therefore, it is effective that a write once optical disc or
the like has pointer information which indicates how much of

the areas has been used as management information.
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the power calibration areas and the strategy calibration areas in a write once optical disc. Here, the
same area arrangement as shown in FIG. 3A will be described as an example. [0072]In the lead-in
zone 13, the lead-out zone 15 or the like of the optical disc 1, a management information area (not
shown) called a DMA (Disc Management Area or Defect Management Area) usable for recording
management information is provided. In the case of a write once optical disc, a DMA is an area in
which final management information (DMS) is recorded at the time of finalization. Therefore, a
temporary DMA akéa (notiSHown! herkinadtec referred ol as "TDMXYY separate front s DMA area
may be secured, so that transitional management information before finalization can be updated in a

write once mannet, [00/3]In.the; [DMA, &, TDM3 700 is rgcorded including a. DFL 702 which 13,

information on defect positions or alternative recording and a DDS 701 including the position

information on
areas 1n a write once optical disc. Here, the same area

arrangement as shown 1n FIG. 3A will be described as an
example,

00721 In the lead-in zone 13, the lead-out zone 15 or the
like of the optical disc 1, a management information area
{not shown) called a DMA ({Disc Management Area or Defect
Management Area) usable for recording management information
is provided. 1In the case of a write once optical disc, a DMA
is an area in which final management information (DMS) is
recorded at the time of finalization. Therefore, a temporary
DMA area (not shown:; hereinafter, referred to as "TDMA")
separate from the DMA area may bes secured, so  that
transiticnal management information before finalization can
be updated in a write once manner.

0073 In the TDMA, a TDMS 700 is recorded including a DFL
702 which is information on defect positions or alternative
recording and a DDS 701 including the position information on

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

cptical disc and the like. A DDS is also referred to as a
"disc definition structure™. As the TDMS and the DMS,
basically the same type c¢f data is recorded. Betwsen TDMS

and the DMS, the lccations of the DFL 702 and the DBS 701 are
inverted. FIG. 7 1s provided to show information on the
recording calibration. Therefere, the TDMS 700, which is
information raecorded at recordable timings, i.e., at
transitional timings before the finalization, will  Dbe
described as an exanple.

[G074] There may be a plurality of DMA's or TDMA's on the
optical disc 1. Specifically, for example, DMA's may be
securely obtained in the lead-in zone 13 or the lead-out zone
15. The TDMA's may be securely obiained in the lead-in zone
13 or a spare area (not shown) for alternative recording
which is securely obtained in the data zone 14.

[0075] The information included in the TDMS (DMS) 1s not
limited +to the DFL 702 which is the disc management
information and the DDS 701 including the information on the

position therecof. Specifically, for example, the information

recorded 1in the TDMS (DMS) may occasionally include BSRRI,
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recording calibration.Therefore, the TOMS 700, which is information recorded at recordable timings,
i.e., at transitional timings before the finalization, will be described as an example. [0074]There may be
a plurality of DMA's or TDMA's on the optical disc 1.Specifically, for example, DMA's may be securely
obtained in the lead-in zone 13 or the lead-out zone 15. The TDMA's may be securely obtained in the
lead-in zone 13 or a spare area (not shown) for alternative recording which is securely obtained in the
data zone 14. [0075]The information included in the TDMS (DMS) is not limited to the DFL 702 which
is the disc managemenstinformation dricthe DS 704, inctudingthe infernzatiof on:the, posifiors thereof.
Specifically, for example, the information recorded in the TDMS (DMS) may occasionally include

SRRI, track (SRR) in the data =zone 14 on the optical disc 1, and

SBM, which represents the recorded/unrecorded state which is
used for random recording, as the disc management information
in addition to the DFL 702.

[0076] The DDS 701 includes an identifier 710 indicating
that this information is a DDS, DFL position information 711
indicating the pesition at which the DFL 702 is recorded, LO
power calibration area next available position information
712 indicating a position of the power calibration area 20
which c¢an be used the next time, L1 power calibration area
next avalilable position information 713 indicating a position
of the power calibration area 21 which can be used the next
time, LZ power calibration area next available position
information 714 indicating a position of the power
calibration area 22 which can be used the next time, LO
strategy calibration area next available position information
715 indicating a position of the strategy callbration area 30
which can be used the next time, L1 strategy calibration area

next available position information 716 indicating a position
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which represents the location, or the state of use, of a track (SRR) in the data zone 14 on the optical
disc 1, and SBM, which represents the recorded/unrecorded state which is used for random recording,
as the disc management information in addition to the DEL 702. [0076]The DDS 701 includes an
identifier 710 indicating that this information is a DDS, DEL position information 711 indicating the
position at which the DEL 702 is recorded, LO power calibration area next available position
information 712 indicating a position of the power calibration area 20 which can be used the next time,
LI power calibfatioh<ares:mexteayrailabie posiion dnformation F1.3 widicdting anpositiom s the tpgower
calibration area 21 which can be used the next time, L2 power calibration area next available position
normation g indicating a pegiion of ffe POy callpraion area 22,wiich gan be Lsed the next time,
LO strategy calibration area next available position information 715 indicating a position of the strategy
calibration area 30 which can be used the next time, Li strategy calibration area next available position
information P& indicating ‘@ pesitiert iofthe Sikdteqgy edlibration area 31 which:déam be wibed the: next
time, and L2 strategy calibration area next available position information 717 indicating a position of
the strategy calibrafion area 32,which can he-used thenext time. J0077] FIG, 8 shows. next available
position information. Tn FIG. 8, the power calibration area 20 of LO layer will be described as an
example. [0078]lt is assumed that the power calibration area 20 is to be used from the outer side
toward the infét side as shéWwn iR FR5.08!9n tHestate {iHerathe power ¢dlibratibharsaolishot used
at all, as shown in FIG. 8(a), the LO power calibration area next available position information
indicates PBA;Arwhichgs the, utermost positien gt the-pawer.cafigration agea 20 After; the power
calibration area 20 is used once, as shown in FIG. 8(b), the LO power calibration area next available
position information indicates PBA:B. After the power calibration area 20 is used one more time, as
shown in FIES8() RO oiver T4fBratitn area next available position information indicates PBA:C.
The position indicated by the LO power calibration area next available

[0078] It is assumed that the power calibration area 20 is
to be used from the outer side toward the inner side as shown
in FIG. 8. 1In the state where the power calibration area 20
is not used at all, as shown in FIG. 8(a), the LO power
calibration area next available position information
indicates PBA:A, which is the outermost position of the power
calibration area 20. After the power calibration area 20 is
used once, as shown in FIG. 8(b), the L0 power calibration
area next available position information indicates PBA:B.
After the power calibration area 20 is used one more time, as
shown in FIG. 8({c), the L0 power calibraticon area next
available position information indicates PBA:C. The position

indicated by the L0 power calibration area next avallable
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position information is changed in this manner. [0079]Such position information is indicated by, for
example, a PBA, which is position information in the optical disc 1. [0080]As described above, the
optical disc can include information on the position of each of the power calibration area and the
strategy calibration area which can be used the next time for each recording layer. In the case where
such a structure is adopted, as the number of recording layers increases, the number of pieces of

required information increases accordingly. (4) Recording and reproduction apparatus
positicn information is changed in this manner,

[0079] Such position information 1s indicated by, for
example, a PBA, which is position information in the optical
adisc 1.

[0080] As described above, the optical disc can include
information on the position of each of the power calibration
area and the strategy calibration area which can be used the
next time for each recording laver. In the case where such a
structure 1s adopted, as the number of recording layers
increases, the number of pieces of reguired informaticn

increases accordingly.

{4) Recording and reproduction apparatus
(00817 FIG. 9 shows a structure of an optical disc
recording and reproduction apparatus 100 according to
Embodiment 1 of the present invention, for performing
recording to or reproduction from the optical disc 1.
[608Z] The optical disc recording and reproduction
apparatus 100 1is connected to an upper-level control

apparatus {(noct shown} via an I/0 bus 180, The upper-level
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[0081]FIG. 9 shows a structure of an optical disc recording and reproduction apparatus 100 according
to Embodiment 1 of the present invention, for performing recording to or reproduction from the optical
disc 1. [0082]The optical disc recording and reproduction apparatus 100 is connected to an
upper-level control apparatus (not shown) via an I/0O bus 180.The upper-level control apparatus is, for
example, a host computer (host PC). [0083] The optical disc recording and reproduction apparatus
100 includes an instruction processing section 110 for processing an instruction from the upper-level
control apparatusyan opticaleads1 20 for irradiatingithe pptical aist Twithilaser light for performing
recording or reproduction, a laser control section 130 for controlling the laser power which is output

from the optiﬁ%ggrjld 1_20?{'?1 éecor%'g@q Sgr_lnpergf\ggn ci&céjgolﬁg)i@é conélgging as F&H@Q&%SE width
(strategy) into a recording pulse signal suitable to pit formation, a mechanical control section 160 for
moving the optical head 120 to a target position or performing servo control, a system control section
150 for perféipiiag adtabcorlifbl of theveistire systensproeesding inchading sécardingwr reprobibiétion
processing to or from the optical disc 1 and also performing control on the entire recording calibration

processing,@@g aﬁ%@@%%@%?@”&%ﬁ%{é&r&g d@f%m the upper-level control

apparatus, an optlcal head 120 for irradiating the optical
disc 1 with laser light for performing recording or
reproduction, a laser control section 130 for controlling the
laser power which 1is output from the optical head 120, a
recording ceompensation circuit 140 for converting a specified
pulse width (strategy) into a recording pulse signal suitable
to pit formation, a mechanical control section 160 for moving
the optical head 120 to a target position or performing servo
contrel, a system control section 150 for performing total
control of the entire system processing including recording
or reproduction processing to or from the optical disc 1 and
also performing control on the entire recording calibration
preocessing, and a memory 170 for temporarily storing data.

(00847 Furthermore, the system control section 150
includes a recording calibration section 151 for controlling

recording calibration processing in the optical disc 1, an
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, [0084] Furthermore, the system control section 150 includes a recording calibration section 151 for
controlling recording calibration processing in the optical disc 1, an access position management
section 154 for finding a position at which recording or reproduction is to be performed, from the
management information or the like on the optical disc 1, and a recording control section 155 and a
reproduction control section 156 for respectively performing recording and reproduction of user data or
management information included in the TDMA or the like in response to an instruction from the host,
an instructiondrom the systemoomteol sgetiem 156 ©r the tike Furthermbrethe geeondingi ¢calibration
section 151 includes a power calibration section 152 for controlling the power calibration and a
strategy caIiQLating 86 tion 153 g)r controllin% the strategy rg:aI:iL%rat&on. éeOSSA\{:VPeg op%'%%l Hgisc lis

th
inserted into the optica |seccroerco%(ﬂrc1}g and }:eﬁ:r)gauctlon apparatus 100, thé ‘action %?t%fe laser control

section 130 and the mechanical control section 160 causes the optical head 120 to reproduce, at a
prescribed ratiativapawersa contrdlcarea (hotskiowri)ia thélsad<gn zohe 138ofthe fecordinglayer LO.
The control area has information on the optical disc 1 embedded in the lead-in zone 13 in advance.

Thus, the optical head , 120 1gads recording parameter, informaion sych as the. fadiation. power or the

like for performing recording on the recording layer LO, the recording layer Li and the recording layer

L2.
control section 1856 for regpectively performing recording and

reproducticn of user data or management information included
in the TDMA or the like in response to an instruction from
the host, an instruction from the system contrel section 150
or the like. Furthermore, the reccrding calibration section
151 includes a power calibration section 152 for controlling
the power calibration and a strategy calibration section 153
for controlling the strategy calibration.

[0085] When the optical disc 1 1s inserted into the
cptical disc recording and reproduction apparatus 100, the
action of the laser control section 130 and the mechanical
control secticn 160 causes the cptical head 120 to reproduce,
at a prescribed radiaticn power, a contrcl area {not shown)
in the lead-in zone 13 of the recording layer LO. The
control area has information on the optical disc 1 embedded

in the lead-in zone 13 in advance. Thus, the optical head
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[0086]When a recording request is issued from the upper- level control apparatus, the recording
calibration section 151 of the system control section 150 of the optical disc recording and reproduction
apparatus 100 performs recording calibration in an GPO area provided in each recording layer, and
then performs recording on a target recording layer at the obtained recording power. [0087]For
performing recording calibration, the power calibration section 152 of the recording calibration section
151 performs power calibration for finding an optimal power using the power calibration area of each
recording layer® and thelstrategy catibration sectiore 153 of thefecording calibration sectiontlbd
performs strategy calibration for finding an optimal strategy using the strategy calibration area in each

recording layer s, the optimal recording parameters age found,f position.gf each.area used for

recording layer L0, the recording layer L1 and the recording
layer LZ.

[0c86) When a recording request 1s issued from the upper-
level control apparatus, the recording calibration section
151 of the system control section 150 of the optical disc
recording and reprcduction apparatus 100 performs recording
calibration in an OPC area provided in each recording layer,
and then performs recording on a target recording layver at
the obtained recocrding power.

[0087] For performing recording calibration, the power
calibration section 152 of the recording calibration section
151 performs power calibration for finding an optimal powser
using the power calibration area of each recording layer, and
the strategy calibration section 153 of the recording
calibration section 151 performs strategy calibration for
finding an optimal strategy using the gtrategy calibration
area 1in each recording laver. Thus, the optimal recording

parameters are found. L position of each area used for
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recording calibration is found as follows.For example, in the case where the optical disc 1 is a write
once optical disc, the reproduction control section 156 reads the management information or the like
shown in section (4) of Embodiment 1 of the present invention onto the memory 170, and the
management information control section 154 determines a position usable for the recording calibration
based on the read data. Alternatively, in the case where the optical disc 1 is a rewritable optical disc,
the access position management section 154 finds an arbitrary position from the range of the power
calibration a¥é& and the stiategycalibration ardbprovided it éaclv recordie layer {8PRecording
calibration method [0088]FIG. 10 shows a flow of a recording calibration procedure on the optical disc

1 of a write Rge typg accgrding to Fmbgdiment;1 of the present invention. Here, the same area
arrangement of the optical disc 1 as shown in FIG. 3 will be described as an example. [0089]Step

1001: Processing in steps 1002 through 1007
disc, the reproduction control section 156 reads the

management Information or the like shown 1In section (4) of
Embodiment 1 of the present invention onto the memory 170,
and the management information control section 154 determines
a position usable for the recording calibration based on the
read data. Alternatively, in the case where the optical disc
1 1s a rewritable optical disc, the access position
management section 154 finds an arbitrary position from the
range of the power calibraticn area and the strategy

calibration area provided in each recording layer.

(5) Recording calibration method
[0088] FIG. 10 shows a flow of a recording calibration
procedure on the optical disc 1 of a write once type
according to Embodiment 1 of the present inventicn. Here,
Lhe same area arrangement of the optical disc 1 as shown in

FIG. 3 will be described as an example.

[0089] Step 1001: Processing 1in steps 1002 through 1007



described later is repeated for all the recording layers. For example, in the case of the optical disc 1
having the area arrangement shown in FIG. 3A, the processing is repeated for the recording layer 3
(LO layer), the recording layer 5 (L1 layer) and the recording layer 7 (L2 layer). In this example, the
recording calibration is sequentially performed from the recording layer farthest from the disc surface
(laser light incidence surface) toward the recording layer closest to the disc surface. This order is
merely an example, and the present invention is not limited to this. [0090]Step 1002: A position used
for the recordiitFéalibrationas ealculated. Speaitically ftive regrbduction eorteolséttion k86 afthe
system control section 150 reads the latest DOS 701 included in the latest DMS 700 from the TOMA of
the optical dise,1 ento-the memory 170 Based opthe.fead data, the access ppsitiay management
section 154 obtains the information on the position which can be used the next time, of each of the
power calibration area and the strategy calibration area in a recording layer on which the recording
calibration is'{6°Be peHoNHBETOr eXafiple, for EOUayé the 1O power ealivration arsaAexEavailable
position information 712 and LO strategy calibration area next available position information 715).
Based on this,information. the accgss Rositiorsmanagementsection 454 detgrmines the,size ef the
power calibration area and the strategy calibration area to be used for recording, and the direction of
using the power calibration area and the strategy calibration area in the recording layer on which the

recording calibratibR¥§ td beperfdriried FERer 8 AccessSiosifion rranageinént sectich 1541 S

calculates the start position of recording for power calibration to be performed next and the start

position of recerding:for strategy calibration to beperformed nexts dheclatest! DPS,Z0k means the
DDS 701 included in the latest of the DMS's 700 included in the TDMA, in which the transitional

management information is updated. [00911 Step 1003: Power calibration is performed. Specifically,
the power chfib¥ation Sectibh 155 df the retéfiing CalitPatioh sechioh 151 Getetrites e haer
radiation power on the recording layer on which the recording calibration is to be performed (for
example, a pludliy ofl ight incidence surface) toward the recording layer

closest to the disc surface. This order is merely an example,
and the present invention is not limited to this.

[0090] Step 100Z: A position used for the recording
calibration is calculated. Specifically, the reproduction
control section 156 of the system control section 150 reads
the latest DDS 701 included in the latest DMS 700 from the
TDMA of the optical disc 1 onto the memory 170. Based on the
read data, the access position management section 154 obtains
the information on the position which can be used the next
time, of each of the power calibration area and the strategy
calibration area in a recording layer on which the recording

calibration is to be performed (for example, for L0 laver,
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patterns of laser power), and sets the power in the laser control section 130. The power calibration
section 152 also sets a prescribed strategy (for example, the strategy described in the control area) in
the recording compensation circuit 140. Then, the power calibration section 152 moves the optical
head 120 to the start position of the recording for power calibration found in step 1002 using the
mechanical control section 160, and allows the optical head 120 to perform the recording. Based on
the recording quality of the recorded area (for example, the modulation degree or BER), the power
calibration sebtion 152 fids an optimal power (for exaraple, apower zamong theeplurality of patterns of
laser power, at which the modulation degree is closest to the expected value). [0092]If the recording

for power calipration.results i failurg, the access position management segtion. 154 may find the

access position again based on the position at which the failed recording was performed, and perform
step 1003 again as a retry. [0093]Step1004:Thepowercalibration areanext available position
information is\ifpdedéed. Spegifieallyi the péwércealibrdtioh seélidn 152 updatesthe power EalibFation
area next available position information, included in the data corresponding to the DDS 701 read onto

the memory;178, of.the: recording layer onwhich the recording for, powgk galibration yas perfgfmed
(for example, in the case of LO layer, the LO power calibration area next available position information

712). The update is made from the position at which the recording for power calibration was performed
in step 1003 f0094}SEEp>1008EStFAtégy Slibralitn RPEHorfied i Pration area and the

strategy calibration area tc be used for recording, and the
direction o¢f wusing the power calibration area and the
strategy calibration area in the recording layer on which the
recording calibration is to be performed. Then, the access
position management secticn 154 calculates The start position
cf recording for power calibration to be performed next and
the start position of recording for strategy calibration to
be performed next. The "latest" DDS 701 means the DDS 701
inciuded in the latest of the DM3S's 700 included in the TDMA,
in which the transitional management information is updated.

[0091] Step 1003: Power calibration is performed.
Specifically, the power calibration section 152 of the
recording calibration section 151 determines the laser
radiaticn power on the reccording layer on which the recording

calibration is to be performed (for example, a plurality of
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Specifically, the strategy calibration section 153 of the recording calibration section 151 sets the
optimal recording power for the recording layer for the recording calibration, found in step 1003, in the
laser control section 130, and also sets a strategy (for example, a plurality of patterns of strategy) in
the recording compensation circuit 140. Then, the strategy calibration section 153 moves the optical
head 120 to the start position of the recording for strategy calibration found in step 1002 using the
mechanical control section 160, and allows the optical head 120 to perform the recording. Based on
the recording gualityrof thefrecerded arearffor example, the modulatigrodegree. or phase shiy rthe
strategy calibration section 153 finds an optimal recording strategy (for example, a strategy, among the

plurality of paiemns.of stiataoy, at wiieh the phase shift is smaliest), [9093LU the fecprding [of strategy
calibration results in a failure, tdfie access positioﬁ managementéecﬁon 15 may find the access
position again based on the position at which the failed recording was performed, and perform step
1005 again asagetry [0096]Step. 2606 Trerstiateyy cdlibratioreareaiext avaitable positiongy
information is updated. Specifically, the strategy calibration section 153 updates the strategy

calibration a&%%e%to%vc@"aweméitiegri@fpémaﬂ%gmcl%edcl{\emed%&%&wspc%%%%go £.PDS 701
read onto the memory 170, of the recording layer on which the recording tor strategy ca ibration was
performed (for example, in the case of LO layer, the LO strategy calibration area next available
position infofrhatich 7194 % he upaate is Fiatlerfrom fthe pbsitiba bt whictethelreeortii®y fopstrategy
calibration was performed in step 1005.

the optical head 120 to the start position of the recording
for power calibration found in step 1002 using the mechanical
control section 160, and allcews the optical head 120 to
perform the recording. Based on the recording guality of the
recorded area {(fcr example, the modulation degree or BER),
the power calibration section 152 finds an optimal power (for
example, a power, among the plurality of patterns of laser
power, at which the modulation degree is closest to the
expected value).

[gosz2y If the recording for power calibration results in a
failure, the access position management section 154 may find
the access position again based on the position at which the
failed recording was performed, and perform step 1003 again
as a retry.

[0093] Step 1004: The power calibration area next

56



[0097]Step 1007: The processing from steps 1002 through 1006 described above is repeated for all
the recording layers. When there is a recording layer on which recording calibration has not been
finished, the processing returns to step 1001. When recording calibration has been finished on all the
recording layers, the processing advance to step 1008. [0098] Step 1008: The management
information is updated. Specifically, the system control section 150 uses the recording control section
155 to record data, corresponding to a new DDS updated in steps 1004 and 1006 and stored in the
memory 170 T thea TDMACas ifve newiTOMSIZ00 ima Write:pded arannet pfo099 [ kel managément
information does not need to be updated after the recording calibration, and may be performed

anytime before. e optical dher L indischarged fpgythe oplealglisc ecoding.and.iepraduetion.
apparatus 100. [0100]The laser power and the strategy used In this case are based on those obtained

by the recording calibration
area next available position information, included in the

data corresponding to the DDS 701 read onto the memory 170,
of the recording layer on which the recording for power
calibration was performed (for example, in the case of LO
layer, the LO power calibration area next available position
information 712). The update 1s made from the position at
which the recording for power calibration was performed in
step 1003,

[0094] Step 1005: Strategy <calibration 1is performed.
Specifically, the strategy calibration section 153 of the
recording calibration section 151 sets the optimal recording
power for the recording layer for the recording calibration,
found in step 1003, in the laser coentrol section 130, and
also sets a strategy (for example, a plurality of patterns of
strategy) in the recording compensation circuit 140, Then,
the gstrategy calibration secticon 153 moves the optical head
120 tco the start position of the recording for strategy

calibration found in step 1002 using the mechanical control
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described above. [0101]The recording calibration is performed in the procedure described above.
[0102]In FIG. 10, the recording calibration is performed at the same timing for all the recording layers.lIt
is not necessary to perform the recording calibration at the same timing. The recording calibration on
the target recording layer only needs to be done before usual recording is performed on the target
recording layer at the latest. It is not necessary to actually perform the recording calibration on all the
recording layers. For example, it is acceptable that the recording calibration is performed on at least
one recordingelayerand &&, optinsal patametersifor the:dthel reécesding By erscaredotind by caleulation
based on the results obtained for the at least one recording layer. Even in this case, it is regarded that

ggtgirat'hceagg;ggr% [3;herdormed oo the giher rgcording, layers, [04931Alpugh net shown in FAG 10
area (for example, the modulation degree or phase shift), the
strategy calibration section 153 finds an optimal recording
strategy (for example, a strategy, among the plurality of
patterns of strategy, at which the phase shift is smallest).
[0095] If the recording for strategy calibration results
in a failure, the access position management section 154 may
find the access position again based on the position at which
the failed recording was performed, and perform step 1005
again as a retry.

[0096] Step 1006: The strategy calibration area next
available position information is updated. Specifically, the
strategy calibration section 153 updates the strategy
calibration area next availlable position information,
included in the data corresponding to the DD3S 701 read onto
the memory 170, of the recording layer on which the recording
for strategy calibration was performed {for example, in the

case of L0 layer, the LO strategy calibration area next

available position informaticon 715). The update is made from
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calibration and the strategy calibration, margin checking processing or the like may be performed for
checking whether or not the parameters obtained by the calibration are truly the optimal parameters.
[0104]lt is not necessary to perform both the power calibration of step 1003 and the strategy
calibration of step 1005. Specifically, for example, the following control is usable: in the case where the
results of the calibration performed in the past by the optical disc recording and reproduction
apparatus 100 (calibration history) are left in a drive inherent information area (also referred to as a
"drive area")térthedike tof ¢the epticahdisk 1} strategy cadibragion ds-netperfermedd(s &1, londy:- therpower
calibration is performed). [0105]In FIG. 10,the write once optical disc is
was performed in step 1005.
[0G97] Step 1007: The processing from steps 1002 through
1606 described above is repeated for all the recording lavyers.
When there 1is a recording laver on which recording
calibration has not been finished, the processing returns to
step 1001. When recording calibration has been finished on
all the recording layers, the processing advance to step 1008.
[0088] Step 1008: The management information 1s updated.
Specifically, the system control section 150 uses the
recording control section 155 to record data, corresponding
to a new DDS updated in steps 1004 and 1006 and stered in the
memory 170, in The TDMA as the new TDMS 700 in a write once
manner.
[0099] The management information does not need o be
updated after the recording calibraticon, and may be performed
anytime Dpefore the optical disc 1 is discharged from the
optical disc recording and reproduction apparatus 100,

[0100] The laser power and the strategy used in this case

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

[0107]in Embgdiment 1 of the presentinvention. the power alibration areas of all the recording layers

are located at different radial positions.It is not necessary that the

precedure described above.

[0102] In FIG. 10, the recording calibration is performed
at the same tTiming for all the recording layers. It 1s not
necessary to perform the recording calibration at the same
timing. The recording calibration on the target recording
layer only needs to be done before usual recording is
performed on the target recording layer at the latest. It is
not necessary to actually perform the recording calibration
on all the recording layers. For example, 1t is acceptable
that the recording calibration 1is performed on at least one
recording layer and the optimal parameters for the other
reccrding layers are found by calculation based on the
results obtained for the at least one recording layer. Even

-
4

in this «case, it 1s regarded that actual calibration 1is
performed on the other recording layers.
[0103] Although not shown 1n FIG. 10, after the power

calibration and the strategy calibration, margin checking

processing or the like may be performed for checking whether
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power calibration areas of all the recording layers are located at different radial positions.More
specifically, the recording characteristic (transmittance or the like) of one recording layer significantly
influences the record state of an adjacent recording layer. Therefore, for example, as shown in FIG.
11,is acceptable that the power calibration areas of at least the adjacent recording layers (for example,
the power calibration area 21 of Li layer and the power calibration area 20 of 1,0 layer, or the power
calibration area 21 of Li layer and the power calibration area 22 of L2 layer) are located at different
positions, and-thatthetgower calibration areas-efithe dhohsadjdcentrecording layers: (fer example, the
power calibration area 20 of LO layer and the power calibration area 22 of L2 layer) are located at the
same radial .aggitiggt'mi&ar a&{}gaefgé%rgrdé)gs not significantly influence the power calibration results.
Namely, even where the power calibration areas of the adjacent recording layers (in other words, the
recording layers in which the directions of the track path are opposite to each other) are located at
different radidl p@sitions andl thesstrategy catibrationdreasof seehiresordibg fdyers age |scated at the
same radial position, substantially the same effect as described in Embodiment 1 of the present

invention cap e reyided In pddtin, thedellaning aontiol is.usable: g thecase whets the, mymber of

recording layers is further increased to six or eight, the number of recording layers in which the power

calibration areas can be located at the same radial position is limited to N (N is a positive integer of O
or greater). +605. Specifically, for example, the following control is

usable: in the case where the results of the calilbration
performed in the past by the optical disc recording and
reproduction apparatus 100 (calibration history) are left in
a drive inherent information area (also referred to as a
"drive area’™) cor the like of the optical disc 1, strategy
calibration 1s not performed {(i.e., only the power
calibration i1s performed).

[0105] In FIG. 10, the write once optical disc 1is
described as an example. The recording calibration can be
realized on a rewritable disc using substantially the same
method. In this case, in step 1002, the recording
calibration position is randomly selected from each of the
power calibraticn area and the strategy calibration aresa, and
the management informaticon updating processing of steps 1004,

1006 and 1007 1is not necessary, unlike in the case of the
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(6) Production method [0108]Now, a method for producing the information recording medium in this
embodiment will be briefly described. [0109] First, a disc substrate 2 having a track used for recording
information signals corresponding to an address signal or control data on a surface thereof is formed
or prepared. Thus, the recording layer 3 having calibration areas in an arrangement shown in any of
FIGS. 3A through 3F can be formed on the disc substrate 2. [0110]Next, a track used for recording
information signals is formed also on a surface of the intermediate layer 4 on which the recording layer
5 is to be formed.<Thuss thecrecbrding d&yer 5 having calibration areas in an arrangement shown in any
of FIGS. 3A through 3F can be formed on the intermediate layer 4. [0111]Next, a track used for
reandwglnq%q@g?n In Empodiment 1 of the present invention, the OPC

areas for recording calibration are provided in the lead-in

zone 13. Where, for example, the OPC areas for recording

calibration are also provided in the lead-out zone 15,

recording calibration is performed in the OPC areas in, for

example, the lead-out zone 15 in the above-described manner

when necessary.

[0107] In Embodiment 1 of the present invention, the power

calibration areas of all the recording lavers are located at

different radial positions. It is nct necessary that the

power calibration areas of all the recording layers are

located at different radial positions. More specifically,

the recording characteristic (transmittance or the 1like) of

one recording layer significantly influences the recording

state of an adjacent recording layer. Therefore, for example,

as shown in FIG. 11, it 1is acceptable that the power

callbration areas of at least the adjacent recording lavyers

(for example, the power calibration area 21 of L1 laver and

the power calibration area 20 of L0 layer, or the power
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signals is formed also on a surface of the intermediate layer 6 on which the recording layer 7 is to be
formed. Thus, the recording layer 7 having calibration areas in an arrangement shown in any of FIGS.
3A through 3F can be formed on the intermediate layer 6. [0112]After the recording layer 7 is formed,
the cover layer 8 is formed.

calibration area 21 of L1 layer and the power calibration
area 22 of LZ layer) are located at different positions, and
that the power calibration areas of the non-adijacent
recording layers (for example, the power calibration area 20
of L0 layer and the power calilibration area 22 of L2 layer)
are located at the same radial position. This arrangement
does not significantly dinfluence the power calibration
results. Namely, even where the power calibration areas of
the adjacent recording lavyers {in other words, the reccrding
layers in which the directions of the track path are opposite
to each other) are located at different radial positions and
the strategy calibration areas of such recording layers are
iocated at the same radial pocsition, substantially the same
effect as described in Embodiment 1 of the present invention
can be provided. Iin addition, the following contrel is
usakle: in the case where the number of recording layers is
further incresassed to six oxr eight, the number of recording
layers in which the power calibration areas can be located at
the same radial position is limited to N (N is a positive

integer of 0 or greater).
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(EMBODIMENT 2) (1) Area arrangement [0113]FIG. 12 shows an area arrangement of a write once
optical disc including three recording layers according to Embodiment 2 of the present invention.
[0114]As shown in FIG. 12, Embodiment 2 of the present invention is the same as Embodiment 1 of
the present invention (described with reference to FIGS. 3A through 3F) except that the power
calibration areas 23 located at a prescribed radial position which is common to all the recording layers
in appearance, like the strategy calibration areas 30, 31 and 32, and accordingly no area
corresponding to the reserved area is secured. In Embodiment 1 of the present invention, the power
calibration areas are located at different radial positions among different recording layers.
{6} Production method

[C108] Now, a method fcor producing the information

recording medium in this embodiment will be briefly described.

[0109] First, a disc substrate 2 having a track used for

recording information signals corresponding to an address

signal or control data on a surface therecf 1is formed or

prepared. Thus, the recording layer 3 having calibration

areas in an arrangement shown in any of FIGS. 3A through 3F

can be formed on the disc substrate 2.

F0110] Next, a track used for recording information

signals is formed also on a surface of the intermediate layer

4 on which the recording layer 5 is to be formed. Thus, the

recording layer 5 having calibration areas in an arrangement

shown 1in any of FIGS. 3A through 3F can be formed on the

intermediate layer 4.

(0111] Next, a track used for recording information

signals 1s formed also on a surface of the intermediate layer

6 on which the reccording layer 7 is to be formed. Thus, the

recording laver 7 having calibration areas in an arrangement
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As described above in Embodiment 1 of the present invention, it is desired that an area of each
recording layer used for power calibration is controlled not to be influenced by the recording state of
the other recording layers (namely, it is desired that recording for power calibration is not performed at
the overlapping radial position among different recording layeis). Therefore, Embodiment 2 has a
feature in how to use the power calibration areas. This will be described in section (2). [01151In
Embodiment 2 of the present invention, how to use the power calibration areas 23 will be described,
but the same mannet af usage isfalsbiapplicahle to the:strateqgy calibratien afeas.etthedike; j8116]In
Embodiment 2 of the present invention, a write once optical disc is described as an example. As
described in.sq%igrraé%)ioftEn@odime 1 of the present invention, the same manner of management is
also applicafifé {0'a rewrt able information recording medium and the same effect as for the write once
optical disc is provided. In the case of the rewritable optical disc, the calibration areas are randomly
used, and sa it13 difficult fatkeep théeorrespondingiaréas ot th@ other riecordirig layees unused
(unrecorded). Therefore, it is effective to put the power calibration areas and the reserved areas of the
recording Ia\{‘{%r% 6jgtoBa ygif%rg]]: Ig%%o_rding state (for example, to record 0 data in all these areas).

(EMBODIMENT 2)

{1} Area arrangement
[0113] FIG. 12 shows an area arrangement of a write once
optical disc including three recording layers according to
Embodiment 2 of the present invention.
[0114] As shown in FIG. 12, Embodiment 2 of the present
invention 1s the same as FEmbodiment 1 of the present
invention (described with reference to FIGS. 3A through 3F)
except that the power calibration areas 23 located at a
prescribed radial position which 1is common to all the
recording layers in appearance, like the strategy calibration
areas 30, 31 and 32, and accordingly no area corresponding to
the reserved area i1s secured. In Embodiment 1 of the present
invention, the power calibration areas are located at

different radial positions among different recording lavers.
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[0112]As described in Embodiment 2 of the present invention, recording power calibration is performed
at a recording power which cannot be guaranteed as the optimal power, i.e., while changing the
recording power. Therefore, a power calibration area of one recording layer used for recording power
calibration is significantly influenced by the transmittance balance provided by the recording state of
another recording layer. Such power calibration areas are used such that recording is not performed at
an overlapping position among different recording layers. By contrast, strategy calibration is performed
while fixing the reéeordrcilpowetito the optintalredording power! Therefgres asstiategyealibiation area
of one recording layer used for strategy calibration is unlikely to be influenced by the transmittance

provided by fhe recording staje of, another recarding layer. Such a strategy Galipration.area is Jocated

at the same radial position among all the recording layers. Owing to such an arrangement, the power
calibration results of all the recording layers are protected against being influenced by the recording
state of a different recordifg ddyernin aiditiont thelsize ohareas sedtred B DRA&rdas:; whichtare
required when the number of recording layers is increased (i.e., the total size of the power calibration

area, the strategy.cafibration.area and,the resgrued area(s)) can be-suppresged fo,ne minimym.

Therefore, an area necessary for recording calibration can be secured, and the problém that the

number of times of usage by the user (= the number of times the recording calibration can be made) is
decreased i§30lveddInadditisR, theTncrease bf fiesize of thelealllif zoné 13°6r theJéad-satizone 15
can be suppressed, and the problem that the size of the data zone 14 is decreased and the size of the

area usablehy thgaiserisdegreased canbe solyed.i {2How e tise the-arsas [0118lRegardigg how

to use the areas for recording

ilavers). Therefore, Embodiment 2 has a feature in how to use
the power callbration areas. This will be described in
section (Z).

[0115] In Embodiment 2 of the present invention, how to
use the power calibration areas 23 will be described, but the
same manner of usage 1is also applicable to the strategy
calibration areas or the like.

f0116] In Embodiment 2 of the present invention, a write
cnce optical disc is described as an example. As described
in section (2) of Embodiment 1 of the present invention, the
same manner of management is alsc applicable to a rewritable
information recording medium and the same effect as for the
write once optical disc i1s provided. In the case of the

rewritable optical disc, the calibraticn areas are randomly
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calibration, Embodiment 2 of the present invention is the same as Embodiment 1 of the present
invention except for the manner of using the power calibration areas 23. [0119]FIG. 13 shows an
example of how to use the power calibration areas according to Embodiment 2 of the present
invention. In this example, the power calibration area 23 of each recording layer is used in the opposite
direction to the track path, as described with reference to FIG. 5 in section (2) of Embodiment 1 of the
present invention. Namely, in each of LO layer and L2 layer, the power calibration area 23 is used
from the outeeside tewardsthe irnerside; Whisreds intli layerpthehpowercatibrationiarga23-isused
from the inner side toward the outer side. It is assumed that the recording calibration is sequentially

performed flgsito 1.0 laye Il erand flna on. L 0120]Fo perfofgl pawer
calibration on LO aye%qi:n\(/gv %Q etbac%gpatﬁ%/s Lsed from the mneE3 sid el%v(\%ard the ouz%r gl%lee’

recording is performed in the power calibration
it is effective to put the power calibration areas and the

reserved areas o¢f the recording layers i1inte a uniform
recording state (for example, tTo record 0 data in all these
areas) .

(01171 As described in Embodiment 2 of the present
invention, recording power calibration is performed at a
recording power which cannot be guaranteed as the opitimal
power, i.e., while changing the recording power. Therefore,
a power calibraticon area of one recording layer used for
reccrding power calibration 1s significantly influenced by
the transmittance balance provided by the recording state of
another recording layer. Such power calilbration areas are
used such that recording 1s not performed at an overlapping
pesition ameng different recording layers. By contrast,
strategy calibration is performed while fixing the recording
power to the optimal recording power. Therefcore, a strategy
calibration area of one recording layer used for strategy

calibration is unlikely to be influenced by the transmittance

67



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

position of the data.Then, the data is recorded in
provided by the recording state of another recording laver.

Such a strategy calibration area 1s located at the same
radial position among all the recording layers. Cwing to
such an arrangement, the power calibration results of all the
recording layers are protected against being influesnced by
the recerding state of a different recording laver. in

addition, the size of areas secured as OPC areas, which are

required when the number of recording lavers 1is increased

{i.e., the total size of the power calibration area, the
strategy calibration area and the reserved area(s)) can be
suppressed to be minimum. Therefore, an area necessary for

recording calibration can ke gecured, and the problem that

the number of times of usage by the user (= the number of

times the recording calibration can be made} is decreased is

golved. In addition, the increase of the size of the lead-in

zone 13 or the lead-out zone 15 can be suppressed, and the

problem that the size of the data zone 14 is decreased and

the size of the area usable by the user is decreased can he

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

(2} How to use the areas

[¢118] Regarding how to use the areas for recording
calibration, Embodiment 2 of the present invention 1is the
same as Embodiment 1 of the present invention except for the
manner of using the power calibration areas 23.

r0119] FIG. 13 shows an exampie of how fto use the power
calibration areas according to Embodiment 2 of the present
invention. In this example, the power calibration area 23 of
each recording layer is used in the opposite direction to the
track path, as described with reference to rFIG. 5 in section
{2y of Embodiment 1 of the present invention. Namely, in
each of LO layer and L2 layer, the power calibration area 23
is used from the outer side toward the inner side; whereas in
Ll layer, the power calibration area 23 is used £from the
inner side toward the outer side. It is assumed that the
recording calibration is sequentially performed first on LO
layer, then on L1 layer and finally on L2 layer.

[0120] For performing power calibration on LG layer in
which the track path is used from the inner side toward the

outer side, recording 1is performed in the power calibration
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different from the areas in the other recording layers is used. Namely, the recording for power
calibration is performed in an area which does not overlap the areas already used in the other
recording layers. Thus, power calibration can be performed with the same recording state among the
recording layers. When a portion to be used in the area used from the inner side overlaps a portion to
be used in the area used from the outer side, the power calibration areas 23 are used up. [0122]In the
example of FIG. 13, the recording power calibration is performed at the same timing for all the
recording layersssugBessivehn Evensrethe caseavhese Calibration is peformnedim the pdwer calibration
area 23 of only a specific recording layer, the manner of usage and the effect are the same as
described abaqve. 49%%3]@% d(e:ﬁcri:psed in sectio(@ S(%)n()f %mbodiment 3581;: t&ae re%en% }ilnvention for

) . d
example, th end position of the area used in (¢} is not at exac I?/]ihe Same radial posﬁloﬁ%‘% the start

position used in (a). It is necessary to consider the aligning errors or the influences of the characteristic
of the laserdight.ITieréfore, thestaid poditiontih«c) needs tochelthe pesitiont innersfrons the Enel
position by the size to be used for the calibration. The end position is set at the position inner from the

start position of ihe area.usedn () by the gize corresponding i such influgnees (pereinafter, referred

to as an "offset ) in proper working order.

the direction of the track path. For performing power
calibration on L1 layer in which the track path is used from
the outer side toward the inner side, as shown in (b)), a
position which is outer from the inner border of the power
calibration area 23 by the size to be used is set as the
start position of the datsa. Then, the data is recorded in
the direction of the track path. Finally, for performing
power calibration on LZ layer in which the track path is used
from the inner side toward the outer side like L0 layer, as
shown 1in {c)}, the start positicn used in L0 laver shown in
{(a) 1s set as the end position. A position which 1s inner
from the end position by the size to be used is set as the
start position of the data. Then, the data 1is recorded in
the direction of the track path. This is repeated for each
recording layer thereafter.

[0121] In this manner, an area at a radial positicn
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(3) How to provide information on the OPC areas [0124]In Embodiment 2 of the present invention, as
described in section (3) of Embodiment 1 of the present invention, it is effective that a write once
optical disc or the like has pointer information which indicates how much of the areas has been used
as management information. [0125]FIG. 14 shows an example of information regarding the power
calibration areas and the strategy calibration areas in a write once optical disc. In FIG. 14, the same
area arrangement as shown in FIG. 12 will be described as an example. [0126]Regarding the strategy
calibration aredd,swext:vailable positiorinfermation isiprovided:for eactemetording. avers is

used. Namely, the recording Zfor power calibration is
performed in an area which does not overlap the areas already
used in the other reccrding layers. Thus, power calibration
can ke performed with the same recording state among the
recording layers. When a portion to be used in the area used
from the inner side overlaps a portion to be used in the area
used from the cuter side, the power calibration areas 23 are
used up.

[0122] In the example of FIG. 13, the recording power
calibration 1is performed at the same timing for all the
recording layers successively. Even 1in the case where
calibration is performed in the power calibration area 23 of
cnly a specific recording layer, the manner of usage and the
effect are the same as described above.

01231 As described 1In section (1) of Embodiment 1 of the
present invention, for exaemple, The end positicn of the area
used in {e} is not at exactly the same radial position as the
start position used in (a). It i1s necesgsary to consider the

aligning errors or the influences of the characteristic of
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layer as described in section (3) of Embodiment 1 of the present invention. [0127]Regarding the power
calibration areas, power calibration area inner side next available position information 1301 and power
calibration area outer side next available position information 1302 are provided as information
common to all the recording layers. In the example of FIG. 13, the power calibration area outer side
next available position information 1302 is used and updated by the power calibration performed on
each of LO layer and L2 layer, in which the power calibration area is used from the outer side toward
the inner sidel:¥heé powver Latibration drex inher sidetrext avaitdble pesitiorinformaltion 186GKis used
and updated by the power calibration performed on LI layer, in which the power calibration area is

used from the.inper side toward the. outer, side - Since,these pieces.of infgrmation are comman,fo all

the recording layers, it is not sufficient to specify the position merely with the PBA information, unlike in
section (3) of Embodiment 1 of the present invention. For example, the position needs to be specified
by informati6¥ regetding e radialsdsitiors Miternativelye tiepositien- heeds tosbe specified by the
PEA in the recording layer used immediately previously.In the latter case, when using the position
actually, theREA S sanvertedinte a REA R thergcordinglayerfo beisede area used in

{a} by the size corresponding to such influences (hereinafter,

referred to as an "offset") in proper working order.

(3) How to provide information on the OPC areas

[0124] In Embodiment 2 of the present invention, as
described in section (3} of FEmbodiment 1 of the present
invention, it is effective that a write once optical disc or
the like has pointer information which indicates how much of
the areas has been used as management information.

[0125] FIG. 14 shows an example of information regarding
the power calibration areas and the strategy calibration
areas 1in a write once optical disc. In FiG. 14, the same
area arrangement 2s shown in FIG. 12 will be desgcribed as an
example.

[0126] Regarding the strategy calibration areas, next

available position informaticn is provided for each recording
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[0128]As described in section (2) of Embodiment 2 of the present invention, the position usable the
next time needs to be specified in consideration of the aligning errors of the disc or the influences of
the characteristic of the laser light.Therefore, both the inner side next available position information
and the outer side next available position information need to specify a position obtained by adding the
above-mentioned offset to the actual end position. Alternatively, the areas need to be used from a
position obtained by adding the offset, when actually using the position. (4) Recording and
reproductionlapparatas [0429]Therecording arebreproduction appamatis ihi Embodiment2 dfitke
present invention is the same as that
present invention.
[(C127) Regarding the power calibration areas, power
calibration area inner side next available position
information 1301 and power calibration area outer side next
available position information 1302 are provided as
information common to all the recording layers. In the
example of FIG. 13, the power calibration area outer side
next avallable position information 1302 is used and updated
by the power calibration performed on each of L0 layer and L2
layer, in which the power calibration area is used from the
outer side toward the inner side. The power calibration area
inner side next available position information 1301 is used
and updated by the power calibration performed on L1 layer,
in which the power calibration area is used from the inner
side  toward the outer gide. Since these pieces of
information are common to all the recording layers, it is aot
sufficient to specify the position merely with the PRA

information, unlike in section {3} of Embodiment 1 of the

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

position used for the recording
specified by information regarding the radial position.

Alternatively, the position needs to be specified by the PBA
in the recording layer used immediately previously. In the
latter case, when using the position actually, the PBA is
converted into a PBA in the recording layer to be used.

[0128] As described 1in section (2} of Embodiment 2 of the
present invention, the position usable the next time needs Lo
be specified in consideration of the aligning errors of the
disc or the influences of the characteristic of the laser
light. Therefore, both the inner side next available
position information and the outer side next available
positicon information need to specify a position obtained by
adding the above-mentioned offset to the actual end positicn.
Alternatively, the areas need to be used from a position

ocbtained by adding the offset, when actually using the

(4} Recording and reproduction apparatus
[0129] The recording and reproduction apparatus in

Embodiment 2 of the present invention is the same as that
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calibration is calculated.Specifically, the reproduction control section 156 of the system control section
150 reads the latest DDS 701 included in the latest TDMS from the TDMA of the optical disc 1 onto the
memory 170. Based on the read data, the access position management section 154 obtains the
information on the position of each of the power calibration area and the strategy calibration area
which can be used the next time, of a recording layer on which the recording calibration is to be
performed (for example, for LO layer, the power calibration area outer side next available position
information #8362 ant+® strategy: calibrationareaafextfavailablesposition infbrmation 21%5)s Based on
such information, the access position management section 154 determines the size of area to be used

for recording Inthe oyer,celiyralion ayea and fhe straieoy cafioralion preg,anddhe decligngf using

the power calibration area and the strategy calibration area of the recording layer on which the
recording calibration is to be performed. Then, the access position management section 154
calculates tHeegtart position of recording for power calibration to be performed next and the start
position of recording for strategy calibration to be performed next. The "latest" DDS 701 means the
DDS 701 included in the latest of the DMS's 700 included in the TDMA, in which the transitional
management information is updated. [0132] Step 1004: The power calibration area next available
position information is updated. Specifically, the power calibration section 152 updates the power
calibration area next@vailaBrpositich Heaton. elmsddindhe data corresponding to the DOS
701 read onto the memory 170, of the recording layer on which the recording for power calibration was

performed (fas example, inthe case, obLQ layer, the pewer calibration area-quter, sideingxt ayailable
position information 1302). The update is made from the position at which the recording for power

calibration was performed in step 1003. [0133]In Embodiment 2 of the present invention, as
Embodiment 2 the present invention 1s the same as that

described in section (5) o¢f Embodiment 1 of the present
invention with reference to FIG. 10 except for steps 1002 and
1004, Here, only the steps different from those in
Embodiment 1 of the present invention will be described.

[0131] Step 1C0Z: A positicen used for the recording
calibration 1is calculated. Specifically, the reproduction
control section 156 of the system control section 150 reads
the latest DDS 701 included in the latest TDEMS from the TDMA
of the optical disc 1 onte the memory 170. Based on the read
data, the access position management section 154 obtains the
information on the position of each of the power calibration
area and the strategy calibraticn area which can be used the

next time, o©f a recording layer on which the recording
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described in section (1) of Embodiment 1 of the present invention, an unused area of the power
calibration area 23 corresponding to the radial position already used in the other recording layers,
namely, an area from the inner border of e power calibration area 23 to the power calibration area
inner side next available position information 1301, and an area from the power calibration area outer
side next available position information 1302 to the outer border, of a recording layer in which such a
radial position has not been used, are usable as a strategy calibration area, as a management
information arebjlor fdridata recordingcer otiver provessingtwhick: issngtiinfluehced, uhlike pewer
calibration, by the recording state of the other recording layers. It is difficult to determine whether or

not such  rgslial pogiion of at resording Javer has been agiuallyysed Tharefore, of example, for L

layer in which the power calibration area 23 is used from the inner side, It is more effective to set an
area from the power calibration area outer side next available position information 1302 to the outer
border of the péwerealibration 3¥&a 238 a LSable area 0134 1hs ERibicdirhent 2of ¢te present
invention, the power calibration areas 23 of all the recording layers need to have the same size

excluding the.jnflyences such as the aligning-errars. By contragk the strategy. calibration areas do not

need to have the same size among all the recording layers. For example, in the case where the
strategy calibration areas in all the recording layers are used in the same direction, for example, from
the outer side toward theThner iside, tiie strategyicatibration ardas s al i recording tayerd 2hould
have the outer border at the same radial position but do not need to have the inner border at the same

radial positioR. @133l2 Embodiment2 ofthe preseptinvention. 8N 8562 recording in the

power calibration area and the strategy calibration area, and
the direction of using the power calibration area and the
strategy calibration area of the recording laver on which the
recording calibration is to be performed. Then, the access
poesition management section 154 calculates the start position
of recording for power calibration to be performed next and
the start position of recording for strategy calibration to
be performed next. The "latest" DDS 701 means the DDS 701
included in the latest of the DMS's 700 included in the TDMA,
in which the transitional management information is updated.

(01325 Step 1004: The power calibration area next
availlable pesition information is updated. Specifically, the
power calibration section 152 updates the power calibration

area next available position information, included in the
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in each recording layer used for power calibration does not overlap the areas used in the other
recording layers. It is not necessary that the areas used for power calibration are located at different
radial positions among all the recording layers. More specifically, as described in Embodiment 1 of the
present invention with reference to FIG. 11, the recording characteristic (transmittance or the like) of
one recording layer significantly influences the recording state of an adjacent recording layer.
Therefore, for example, it is acceptable that among at least adjacent recording layers, areas at
different radit? pasitons afeased for power talibvation! bt ameng ponadjdeentyatording Hyers,
overlapping areas (areas including the same radial position) are used for power calibration. This

arrangement, goes not Ségeiggaqt}y?inf'ygpg% the,power; calibration results, Namely; eyenwhere the

areas used for power calibration of the adjacent recording layers (in other words, the recording layers
in which the directions of the track path are opposite to each other) do not overlap, but the strategy
calibration aféds Bf suich recatding tjers sFe focatbdat thessdame radidl positiorsastbstaftially the
same effect as described in Embodiment 2 of the present invention can be provided. In addition, the

following controlis usable: ipthe £ase, where, the-number-of secarding Jayers, is furtherinergaged to six
or eight, the number of recording layers in which the power calibration areas can be located at the

same radial position is limited to N (N is a positive inte%er of 0 or greater (EMBODIMENT 3) (1) Area
arrangementt {F1361RIG. 15 ShbW3 arPared afangement 6f akiite Ghee s made from the

position at which the recording for power calibration was
performed in step 1003.

[0x33] In Empodiment 2 of the present invention, as
described in section (1) of Embodiment 1 of the present
invention, an unused area of the power calibration area 23
corresponding to the radial peosition already used in the
other recording layers, namely, an area from the inner border
of the power calibration area 23 to the power calibration
area inner side next avalilable position information 1301, and
an area from the power calibration area outer side next
avallable position information 1302 to the outer border, of a
recording layer in which such a radial position has not been
used, are usakle as a strategy calibration area, as a
management information area, or for data recording or other

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

areas.Instead, an arbitrary size of
by the recording state of the other recording layers. It is

difficult to determine whether or not such a radial position
of that recording layer has been actually used. Therefore,
for example, for L1 laver in which the power calibration area
23 iz used from the inner side, 1t i1s more effective to set
an area from the power calibration area outer side next
available position information 1302 to the outer border of
the power calibration area 23 as a usable area.

(01341 In Embodiment 2 of the present invention, the power
calibration areas 23 of all the recording layers need to have
the same size excluding the influences such as the aligning
errors. By contrast, the strategy calibration areags do not
need to have the same size among all the recording lavyers.
For example, in the case where the strategy calibration areas
in ail the recocrding lavers are used in the same direction,
for example, from the outer side toward the inner side, the
strategy calibration areas of all the recording layers should
have the outer border at the same radial position but do not
need to have the inner border at the same radial position.

F01353 In Embodiment 2 of the present invention, an area
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each OPC area 50 is assigned as a part of area for power calibration 51 or a part of area for strategy
calibration. 52 before the OPC area 50 is used for recording for the first time. This will be described
later in section (2) in detail. (2) How to use the areas [0139]FIG. 16 shows an example of how to use
the OPC areas 50 according to Embodiment 3 of the present invention. In FIG. 16, the same area
arrangement as shown. in FIG. 15 will be described as an example. [0140]Before each OPC area 50 is
used for recording for the first time, the OPC area 50 is assigned as the part of area for power
calibration 51randahé partof adea for strategy cadibration 52peach afaniarbittaryrsizéc@e., the areas
51 and 52 are assigned at an arbitrary assignment ratio). Also among the recording layers, the part of

areas for powe calloration 51 are assigned In an arbitrary.size. (ot ap arbilrary assignmen rafo) so as

not to overlap (so as not to be ocated at the same radia position). The p%rt Y
not necessary that the areas used for power calibration are
located at different radial positions among all the recording
layers. More specifically, as described in Embodiment 1 of
the present invention with reference to FIG. 11, the
recording characteristic {(transmittance or the like) of one
recording layer significantly influences the recording state
of an adjacent recording lavyer. Therefore, for example, it
is acceptable that among at least adjacent recording layers,
areas at different radial positions are used for power
calibration, but among non-adjacent recording layers,
overlapping areas (areas including the same radial position)
are used for power calibration. This arrangement does not
significantly influence the power calibraticn results.
Namely, even where the areas used for power calibration of
the adjacent recording lavers (in cther words, the recording
layers in which the directions of the track path are opposite
to each other) do not overlap, but the strategy calibration

areas of such recording layers are located at the same radial

79



of areas for strategy calibration 52 may overlap among the recording layers, and therefore remain at
the overlapping position (the same radial position) among the recording layer. [0141] The part of areas
for power calibration 51 are used in the opposite direction to the track path like in Embodiments 1 and
2 of the present invention. Specifically, in each of EO layer and L2 layer, in which the track path is used
from the inner side toward the outer side, the area assigned as the part of area for power calibration
51 is used from the outer side toward the inner side, with the outer border thereof being the start
position of the datai ¢ LI layeh dn avhidk thientrack patteisussedefidracthe cwter sidedowardithelinner
side, the area assigned as the part of area for power calibration 51 is used from the inner side toward

fhe outer side, M he-anes baiet erepf belng the Alart posion.otthe data. RAAFIRY confrast, as
the part of areas for strategy calibration 52, overlapping areas are used amohg the recording
layers.Specifically, the part of areas for strategy calibration 52 are used in one direction (for example,

from the outéf Sideitoward-tire iirerside) egardléssdf the direetion of the tidek pathe where

the number of recording layers is further increased to six or
c¢ight, the number of recording layers in which the power
calibration areas can be located at the same radial position

is limited to N (N is a positive integer of 0 or greater).

(EMBODIMENT 3)

{1} Area arrangement
01367 FIG. 15 shows an area arrangement of a write once
optical disc including three recording layers according to
Embodiment 2 of the present invention.
[0137] The lead-in zone 13 of the optical disc 1 includes
OPC areas 50 for reco;ding calibration.
{01387 The O0OPC areas 50 are located at the same radial
peosition among all the recording lavyers, and are used for
power calibration or strategy calibration. Unlike in
Embodiment 1 and 2 of the present invention, the OPC areas 50

are not clearly divided into power calibration areas or
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[0143]The part of area for power calibration 51 and the part of area for strategy calibration 52 may be
assigned so as to have an equal size. Alternatively, where the optical disc 1 has a narrow (small)
power margin because of the feature of the manufacturer, the part of area for power calibration 51 may
be assigned to have a larger size than the part of area for strategy calibration 52. Still alternatively,
where the optimal power can be calculated by estimation to some degree but the optimal strategy
cannot be easily found without actually performing recording calibration, the part of area for strategy
calibration 52tmay dbarassighed te have a farger size thanitke part efiareaforpewer calibratiord 51.
[0144]In Embodiment 3 of the present invention, the OPC areas 50 are provided in the lead-in zone

13. For example, 15,0PG preasp may futher b provided inihe feaghout zone 18, In s, gase, the
assignment ratio of the part of area for power cgli ration 51 ang the part of area for stratggy
calibration 52 may be varied between the OPC areas 50 provided in the lead-in zone 13 and the OPC

areas 50 providéd irpthedsadbubzorie 15.1{0145]ImEatbodimenti3eftthepreseritimantion, 8ach OPC

before the OPC area 50 is used for recording for the first

time. This will be described later in section (2) in detail.

(2) How to use the areas

[0139] FIG. 16 shows an example of how to use the OPC
areas 50 according to Embodiment 3 of the present invention.
In FIG. 16, the same area arrangement as shown in FIG. 15
will be described as an example.

F0140) Before each OPC area 50 is used for recording for
‘the first time, the OPC area 50 is assigned as the part of
area for power calibraticn 351 and the part of area for
strategy calibration 52, each of an arbitrary size (i.e., the
areas 51 and B2 are assigned at an arbitrary assignment
ratio). Also among the recording layers, the part of areas
for power calibration 51 are assigned in an arbitrary size
{at an arbitrary assignment ratioc) so as not to overlap {so

as not te be located at the same radial position). The part
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area 50 is divided into the part of area for power calibration 51 and the part of area for strategy
calibration 52. A part of the OPC area 50 may be assigned as an area for a different purpose (for
example, an area for checking the margin). (3) How to provide information on the OPC areas [0146]In
Embodiment 3 of the present invention, as described in section (3) of Embodiments 1 and 2 of the
present invention, it is effective that a write once optical disc or the like has pointer information which
indicates how much of the areas has been used as management information. [0147]FIG. 17 shows an
example of informatien regarding-thetpower calibiatioh areasS@ndithe strategyagalibration argas in a
write once optical disc.In FIG. 17, the same

recording layers, and therefore remain at the overlapping

position (the same radial position) among the recording layer.

[0141] The part of areas Ifor power calibraticn 51 are used

in the oppesite direction to the track path 1like in

Embodiments 1 and 2 of the present invention. Specifically,

in each of LC layer and L2 layer, in which the track path is

used from the inner side toward the outer side, the area

assigned as the part of area for power calibraticn 51 is used

from the outer side toward the inner side, with the outer

border thereof being the start position of the data. In L1

layer, in which the track path is used from the ocuter side

toward the inner side, the area assigned as the part of area

for power calibration 51 is used from the inner side toward

the outer side, with the inner border thereof being the start

position of the data.

[G142] By contrast, as the part of areas for strategy

calibration 52, overlapping areas are used among the

recording layers. Specifically, the part of areas for

strategy calibration 52 are used in one direction {for
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area arrangement as shown in FIG. 15 will be described as an example. [0148]In addition to an
identifier 710 and OFT position information 711, the DDS 701 includes end position information and
next usable position information on the part of areas for power calibration 51 and end position
information and next usable position information on the part of areas for strategy calibration 52 as
information relating to the recording calibration in each recording layer. Such information relating to the
recording calibration is provided by the number of the recording layers. Namely, the DDS 701 includes
LO power calibratioreend pasition informatioti 4701 ,si@gpower ealibbtatiori:next ava#able position
information 1702, LO strategy calibration end position information 1703 and LO strategy calibration

next avaiIabLee%%ggqréggogr}atjcqpelzlqﬁkg%ﬂggn%tpncgg tk&&@ﬁaé r{tfrlri power calibration end

position information 1705, LI power calibration next available position information 1706, Li strategy
calibration end position information 1707 and Li strategy calibration next available position information
1708 as infolfafién on th&hs layei tand 1 2550wer talibrativre end positivn tinfornfation1709,Hs2 power
calibration next available position information 1710, L2 strategy calibration end position information

gyﬁ and L2 strategy-calibrgtionnext ayailable positiop jnformatiog,1 7124 information on thg L2

as to have an equal size. Alternatively, where the optical
disc 1 has a narrow ({(small) power margin because of the
feature of the manufacturer, the part of area for power
calibration Bl may be assigned to have a larger size than the
part of area for strategy calibration 52. Still
alternatively, where the optimal power can be calculated by
estimation to some degree but the optimal strategy cannot be
easily found without actually performing recording
calibration, the part of area for strategy calibration 52 may
be assigned to have a larger size than the part of area for
power calibration 51.

(01447 in Embodiment 3 of the present inventicon, the OPC
areas 50 are provided in the lead-in zone 13, For example,
the OPC areas 50 may further be provided in the lead-out zone

15. In this case, the assignment ratio of the part of area

for power calilbration 51 and the part of area for strategy



[0149]As described above, the assignment of the part of area for power calibration 51 and the part of
area for strategy calibration 52 in each recording layer, and the assignment of the part of areas for
power calibration 51 among the recording layers, are determined with an arbitrary size before the CPC
areas 50 are used for the first time (for example, at the time of the initialize format). Therefore, the
power calibration end position information and the strategy calibration end position information of each
recording layer are established at this timing. At the time of assignment, the power calibration next
available posiioninfermation 22d the strategy ealibration Inexta@eailabtehposition information ®ach
indicate the start position of the assigned area. When the end position information and the next

available pog‘%%@%ﬁ“i‘é@%@"ﬁ%ﬁéﬁﬁ%a%‘g. Boi'gogh r when [he-interval b ‘&SVe]i:?PJQ%%”% .
position information and the next availablé position information (Eé remaining size) Is 1ess than the size
used by one cycle of calibration, it is determined that the area for calibration in that recording layer is
used up. [0150] THezend pdsitioh irformafidn and the next available position information are each

represented by, for example, a PBA, but may be represented by information such as the radial

pogﬂon[Ol?éﬂﬁéheabO%%tEﬁ@%&%ﬂQ&é”%”Qﬁ§t@ﬁ§ﬂgﬁg§@%¥]invention, each OPC

area 50 is divided into the part of area for power
calibration 51 and the part of area for strategy calibration
52. A part of the OPC area 50 may be assigned as an area for
a different purpose (for example, an area for checking the

margin) .

(3) How to provide informaticn on the 0PC arecas

[0146)] In Emboediment 3 of the present invention, as
described in section (3} of Embodiments 1 and 2 of the
present invention, it is effective that & write once optical
disc or the like has pointer information which indicates how
much of the areas has been used as management information.

[0147] FIG. 17 shows an example of information regarding
the power calibration areas and the strategy calibration
areas in a write once optical disc. In FIG. 17, the same

area arrangement as shown in FIG, 15 will be described as an
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information. Substantially the same effect is provided where the DDS 701 includes remaining size
information, which indicates a usable size of the assigned area, instead of the end position
information. [0152]In the case where the DOS 701 includes the end position information, such .
information is not changed after the part of area for power calibration 51 and the part of area for
strategy calibration 52 are assigned. Alternatively, such information may be changed when the areas
are reassigned as described in Embodiments | and 2 of the present invention.In the case where the
DDS 701 inclades the.-remaining size information, the remaining size information is updated each time
the OPC area 50 is used, like the next available position information. [0153]As described in

Embodiment@i&@@?Zoftﬂq pé%%e_'ﬂéion to an identifier 710 and DFL position

information 711, the DDS 701 includes end position
information and next usable position information on the part

of areas for power calibration 51 and end position
‘information and next usable position information on the part

of areas for strategy calibration 52 as information relating
to the recording calibration in each recording laver,. Such
information relating to the recording calibration is provided
by the number of the recording lavers. Namely, the DDS 701

inciudes L0 power calibration end peosition information 1701,

L0 power calibration next available position information 1702,
L0 strategy calibration end position information 1703 and LO
strategy calibration next available position information 1704
as information on the L0 layer; L1 power calibration end
position information 1705, L1l power calibration next

available positicn information 1706, L1 strategy calibration
end position information 1707 and L1 strategy calibration
next available position information 1708 as information on

the L1 layer; and LZ vpower calibration end position



invention, in the case where next usable position information is provided, it is necessary to consider
the aligning errors or the influences of the characteristic of the laser light. Therefore, for example,
especially the next available position information on a power calibration area or the like, which is
influenced by the recording state of another recording layer, needs to indicate position information
obtained by adding the above-mentioned offset size to the position at which recording was actually
finished, or the power calibration area needs to be actually used from a position obtained by adding
the offset size foothepasition & TAsich recordingpwas finishéd. (43 Recordingeand repreduictiohe
apparatus [0154]The recording and reproduction apparatusin Embodiment 3 of the present invention

is the same hat descri ' g(&t'io (4) ff, E&nbodi ent 1 of the present jnyention with reference to
FIG. 9 and vl\é/aitﬁsﬁlo@t‘ b%e desgrglgé%ﬁere.%) Recording c;%bra%]i%ﬁamgtﬁ%d [S?ggﬁl g%r"géledu?g%f the

recording calibration in
position infcormation 1711 and L2 strategy calibration next

avallable position infermation 1712 as information on the L2
layer.

(01497 As described above, the assignment of the part of
area for power calibration 51 and the part of area for
strategy calibration 52 in each vrecording layer, and the
assignment of the part of areas for power calibration 51
among the recording layers, are determined with an arbitrary
size before the OPC areas B0 are used for the first time (for
example, at the tTime of the initialize format). Therefore,
the power calibration end positicen information and the
strategy calibration end position information of each
recording layer are established at this timing. At the time
of assignment, the power calibration next available position
information and the strategy calibration next available
pesiticn information each indicate the start position of the
assigned area. When the end position information and the

next availlable position information indicate the same
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Embodiment 3 of the present invention is the same as that described in section (5) of Embodiment 1 of
the present invention with reference to FIG. 10 except for steps 1002, 1004 and 1006. Here, only the
steps different from those in Embodiment 1 of the present invention will be described. [0156]Step
1002: A position used for the recording calibration is calculated.Specifically, the reproduction control
section 156 of the system control section 150 reads the latest DDS 701 included in the latest TDMS
from the TDMA of the optical disc 1 onto the memory 170. Based on the read data, the access position
managementsettion154 gbtaingthe infdrmationter thelpositidm ireeach 'of the poweraalibration area
and the strategy calibration area which can be used the next time, of a recording layer on which the
recording calihration.is 1o, pe performed (for example, for-Q layer, the LO ppwer calibration next
available position information 1702 and LO strategy calibration next available position information
1704). Based on this information, the access position management section 154 determines the size of
area to be usédforreeerdinerin the powercalibration die€a and thelstraledyivcalibration afea, @hd the
direction of using the power calibration area and the strategy calibration area of the recording layer on
which the recording galibration is tg be performed.Then, the ageess position management segtion 154
calculates the start position of recording for power calibration to be performed next and the start
position of recording for strategy calibration to be performed next. The "latest" DOS 701 means the
DDS 701 incltidé& fFthed&fest ofthe DVS!s 760 fidddétPin the TDMA, in which the transitional
management information is updated. [0157]Step1004:The power calibration area next

(61507 The end position information and the next available
position information are each represented by, for example, a

PBA, but may be represented by information such as the radial

position.
(0151] In the above, the DDS 701 includes the end positicon
infeormation. Substantially the same effect is provided where

the DDS 701 includes remaining size iIinformation, which

indicates & usable size of the assigned area, instead of the

end position information.

[0152] In tThe case where the DDS 701 includes the end

position information, such information is not changed after

the part of area for power calibration 51 and the part of

area for strategy calibration 52 are assigned. Alternatively,

such information may be changed when the areas are re-

assigned as described in Embodiments 1 and 2 cof the present
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available position information is updated. Specifically, the power calibration section 152 updates the
power calibration area next available position information, included in the data corresponding to the
DDS 701 read onto the memory 170, of the recording layer on which the recording for power
calibration was performed (for example, in the case of LO layer, the power calibration area next
available position information 1702). The update is made from the position at which the recording for
power calibration was performed in step 1003. [0158]Step 1006: The strategy calibration next available
position infokmatiort iscupdatedt 'Spedificallys tiee striategy calibratibh$ectioh 153:updates thelstrategy
calibration next available position information, included in the data corresponding to the DOS 701 read

onto the memary, 170, of the recqrding layer gn which the recording for;sirategy. calibration was

performed (for example, in the case of LO layer, the LO strategy calibration next available position
information 1704). The update is made frcm the position at which the recording for strategy calibration
was perform&eriatstép FG08! [0159fn Efbodiftented of the presentimvshtion, idtareae next

avalillable position information.

[0153] As described in Embcecdiments 1 and 2 of the present
invention, in the case where next usable position information
is previded, 1t 1s necessary to consider the aligning errors
or the influences of the characteristic of the laser light.
Therefore, for example, especially the next available
position information on a power calibration area or the like,
which is influenced bky the recording state of another
recording layer, needs to indicate position information
cbtained by adding the above-mentioned offset size fTo the
position at which recording was actually £finished, or the
power calibration area needs to be actually used from a
position obtained by adding the offset size to the position

at which reccording was finished.

(4) Recording and reproduction apparatus

(01547 The recording and reproduction apparatus in
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in each recording layer used for power calibration does not overlap the areas used in the other
recording layers. It is not necessary that the areas used for power calibration are located at different
radial positions among all the recording layers. More specifically, as described in Embodiment 1 of the
present invention with reference to FIG. 11, the recording characteristic (transmittance or the like) of
one recording layer significantly influences the recording state of an adjacent recording layer.
Therefore, for example, it is acceptable that among at least adjacent recording layers, areas at
different radiatipositions are3used faripower ealibratioir, bat among hen-adjacertmeconding tayers,
overlapping areas (areas including the same radial position) are assigned for power calibration. This

arrangemen, does not significantly inluence the power.galibration resujts. Namely, even where the
areas used for power calibration o? the adjaceﬁt record?ng layers En other words, the Pecor&ng layers
in which the directions of the track path are opposite to each other) do not overlap, but the strategy
calibration ateeseof-such recbilinglayers are locatéd @t tie same vadidl position, sibstantialyl the
same effect as described Embodiment 3 of the present invention can be provided.In addition, the
following controlis usable: in the case where the number of recording layers is further increased to six
or eight, the number of recording layers in which the power calibration areas can be located at the
same radial position is limited to N (N is a positive integer of O or greater). [0160]In Embodiments 1, 2
and 3 of the present invention, the power calibration area (or the part of area for power calibration 51)
is described as an area used for power calibration and the strategy calibration area (or part of area for

strategy calibration 52);is glescribgd,a8s A& ER ¢t ion method

10155] The procedure of the recording calibration in
Embodiment 3 of the present invention is the same as that
described in section (5) of Embodiment 1 of the present
invention with reference to FIG. 10 except for steps 1002,
1004 and 1006. Here, conly the steps different from those in
Embodiment 1 of the present invention will be described.

[0156] Step 1002: A position used for the recording
calibration is calculated. Specifically, the reprocduction
control section 156 of the system control section 150 reads
the latest DD3S 701 included in the latest TDMS from the TDMA
of the optical disc 1 onto the memory 170. Based on the read
data, the access positicon management section 154 obitains the
information on the position in each of the power calibration

area and the strategy calibration arsa which can be used the
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used for strategy calibration.Furthermore, the areas used for power calibration are described as areas
which do not overlap among adjacent recording layers at the same radial position, and the areas for
strategy calibration are described as areas which include overlapping parts at the same radial position
among the adjacent recording layers. More strictly, "areas used for power calibration which do not
overlap among adjacent recording layers at the same radial position" are areas in which recording (for
example, power calibration) can be performed at a free recording power (in a certain range) including
a recording pewér whictecanndt be guasanieed ag a fecordingopowetsuitablé fer thesoptical disc 1.
The "areas used for strategy calibration which include overlapping parts at the same radial position
among the adiacent lesardng Jayets ate aleas MLublen recording Js performedatayregoiging power
which can be guaranteed as a recording power suitable for the optical dis€ 1, namély, a re%ording
power which, when used for recording in an area, provides the area with a transmittance within a
prescribed réhge Withoutdastrogingthe transmittaice baddrics: These atddsomay bécseparataty
located in each recording layer. Namely, in the case where it is guaranteed that step-by-step recording
can be perforpiegl while changing the. recording pawerwithin the range whigh, can be guaraniced as
the recording power suitable for the optical disc 1 (within the range in which the post-recording
transmittance is within a prescribed range), power calibration may be performed in strategy calibration
areas (or patts ot areas for sttdiedy calibratisA 52y inclilding afeds ovetfapping atlive sapve radial
position among adjacent recording layers. What may be performed in such areas is not limited to
power calibration and-stratagy-calibration. The strategy calipration areasingluding the,everlapping
parts may be used for performing, for example, margin checking. Margin checking is to check whether
the recording calibration result truly indicates the optimal condition by performing recording at a
calibration-caftulated r&eBrdirity powweroitfor examplenat Ppowér ifcrebiséd ‘of decreased tHetefrom
within a range which is guaranteed to be suitable to the optical disc 1 (at a power with which the
post-recording dransmittange isawithin a-arescribedrangey and dhus ta-de fine-tyning 49 fipd:the optical
power. Using such a method, the number of times non-overlapping areas are used can be reduced. As
a result, the size of the non-overlapping area provided in each recording layer can be reduced.
AccordinglyPtiE iz 61 thE H&a Thtlithig thd SVeli&fpind paftTah bedndreadsd OPhist #ife Mumber of
times the areas are used for recording calibration can be advantageously increased.

the recording layer on which the recording calibration is to

be performed. Then, the access position management section
154 calcuiates the start position of recording for power
calibration to be performed next and the start position of
recording for strategy calibration to be performed next. The
"latest"” DDS 701 means the DDS 701 included in the latest of
the DMS's 700 included in the TDMA, in which the transitional
management information is updated.

[0157] Step  1004: The power calibraticn area next
available position information is updated. Specifically, the

power calibration section 152 updates the power calibration
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described in detail. [0162]For example, it is assumed that the optical disc 1 as a recording target is
registered in the optical disc recording and reproduction apparatus 100 as a tuned optical disc 1. In
this case, the strategy calibration areas including overlapping parts at the same radial position among
adjacent recording layers can be used for power calibration and strategy calibration, assuming that the
recording can be guaranteed. Alternatively, in the case where the results of calibration performed in
the past on a target recording layer by the optical disc recording and reproduction apparatus 100
(calibration history) afsfeft #va deise Isherarnt iformation areadalsoreferied-foiasd "drive area") or
the like of the optical disc 1, i.e., in the case where calibration is performed using the history
information, dhe stralggy. cajitration areas may. betiseq dar power calibration and, sirategy cajjbration
as the recording calibration on the récording layer, assuming that the recording power for the recording
layer can be guaranteed. Alternatively, in the case where the results of recording layer on all the
recording lagérs afeSleftgs a calibrtiorPhistoryCthe faloRing Piethodsis @fféttie From theowalibration
history, the power ratio, the strategy change amount or the like between a reference recording layer
and anotherJgearding: layer is found. Aetual,cecording calibrationd(power calibration.ar strategy
calibration) is performed on the reference recording layer, whereas actual recording layer is not
performed on the another recording layer. The calibration value of the another recording layer is found
using the poVfsiiitio orithe &Ftegy dangeahddit whichiwasSFotindbaseton the RaRBrati6R result
on the reference recording layer on which actual calibration was performed and also based on the
calibration histeryxkising-suciramethody the consyimed:ameintof the power.calibrationarea or the
strategy calibration area used for recording calibration is suppressed.In this case, what is used is

history calibration.Therefore, the strategy calibration areas _
which the recording for power calibration was performed in

step 1003.
[0158] Step 1006: The strategy calibration next available
position information is updated. Specifically, the strategy

calibration section 153 updates the strategy calibration next

available position informatien, included in the data

corresponding to the DDS 701 read onto the memcory 170, of the

recording layer on which the recording for strategy

calibration was vperformed (for example, in the case of L0

layer, the L0 strategy calibration next available position

information 1704). The update i1s made from the position at

which the recording for strategy calibration was performed in

step 1005,

{01597 In Embodiment 3 of the present invention, an area
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including the overlapping parts at the same radial position among adjacent recording layers are used
for actual recording calibration.In addition, the following method is usable. As the reference recording
layer, the recording layer, for example, farthest from the disc surface (for example, LO layer in the
case of the optical disc 1 shown in FIG. 3A) is firstused. When the strategy calibration area in that
recording layer is used up, the recording layer next farthest from the disc surface (for example, LI layer
in the case of the optical disc 1 shown in FIG. 3A) is used as the reference layer. Using this method,
the following:effect i provideddonthe lstrategyucatithrafion areavon which kecording isiperformed at a
power suitable for the optical disc 1. When recording is performed on a certain recording layer, even

the strateqy salTAIN afea Ina Lecarding layer elser 9 (e laser loht fadiation e cap.be kept
unused (in the case of a write once optical disc, unrecorded). Therefore, it is absolutely unnecessary
to consider the influence of the transmittance. [0163]In Embodiments 1, 2 and 3 of the present

invention, theYecordirrpcaibrationsdred (OPErared) for petofding power calibration are

located at different radial positions among all the recording
layers. More specifically, as described in Embodiment 1 of
the present invention with reference to FIG. 11, the
recording characteristic (transmittance or the like) of one
recording layer significantly influences the recording state
of an adijacent recording laver. Therefore, for example, it
is acceptable that among at least adjacent recording layers,
areas at different radial positions are used for powsr
calibration, but among non-adijacent recording layers,
overlapping areas {areas including the same radial positiocn)
are assigned for power calibration. This arrangement does
not significantly influence the power calibration results.
Namely, even where the areas used for power calibration of
the adjacent reccording layers (in other words, the recording
layers in which the directions of the track path are opposite
to each other) do not coverlap, but the strategy calibration

areas of such recording layers are located at the same radial
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calibration is divided into an area for power calibration and an area for strategy calibration, which are
separately secured as different areas in each recording layer.This concept is not limited to recording
calibration areas,in more detail, the fundamental concept of the present invention is to provide a rough
calibration areas used for rough calibration by which conditions are narrowed down to conditions
suitable to recording to some extent by changing the recording power, like power calibration in
recording calibration, and a precise calibration area used for precise calibration (fine-tuning) by which
conditions aretoi harowed dowsttoman eptimal corditionrkke stfetegy catibrativasareakrdecarding
calibration.These areas are provided as

Embodiment 3 o©f the present inventicn can Dbe provided. In

addition, the following control is usable: in the case where

the number of recording layers is further increased to six or

eight, the number of recording layers in which the power

calibration areas can be located at the same radial position

is limited to N (N is a positive integer of 0 or greater).

[0160] In Embodiments 1, 2 and 3 of the present invention,

the power celibration area {(or the part of area for power

calibration 51} 1is described as an area used for power

calibration and the strategy calibration area (or part of

area for strategy calibration 52) 1s described as an area

used for strategy calibration. Furthermore, the areas used

for power calibration are described as areas which do not

overlap ameng adjacent recording layers at the same radial

position, and the areas for strategy calibration are

described as areas which include overlapping parts at the

same radial position among the adjacent recording layers.

More strictly, "areas used for power calibration which do not

overlap among adjacent recording layvers at the same radial



separate areas in each recording layer.In addition, in Embodiments 1, 2 and 3 of the present invention,
because calibration of the recording power is the target, the rough calibration areas used for power
calibration are located at different radial positions in consideration of the recording state (transmittance
balance) of the other recording layers. Namely, the fundamental concept of providing a rough
calibration area and a precise calibration area as separate areas in each recording layer is applicable
to various calibrations other than recording calibration. [0164]As described above, an apparatus (drive)
such as an gpticat disc'tecording: and seproductiontapparatusiiolicanfuse thestrategy catibbration area
as an area for calibration as long as the above-described restricting conditions on the recording power

are fulfilled. H vlgzé,tt}he c)alltc)réatlog erfor@ed in hIS area grnot limited t strateg%callbratlon The

drive can pen‘%rm any calibration in t s?rategy ca |brat|on area with 1o mfé%oﬁ on the Lse CEl'he
strategy calibration areas, which are usable by the drive for any calibration, do not need to be
arranged socasietito bedocated atthéwsame radiakpositioh unlike e power calibrationcdreds:
[01651As described above, the power calibration in the

cuaranteed as a recording power suitable for the optical disc
1. The "areas used for strategy calibration which include
overlapping parts at the same radial position among the
adjacent recording layers" are areas 1n which recording is
performed at a recording power which can be guaranteed as a
recording power sultable for the optical disc 1, namely, a
recording power which, when used for recording in an area,
provides the area with a transmittance within a prescribed
range without destroying the transmittance balance. These
areas may be separately located in each recording layver.
Namely, in the case where it is guaranteed that step-byv-step
reccrding can be performed while changing the recording power
within the range which can be guaranteed as the recording
power suitable for the optical disc 1 (within the range in
which the post-recording transmittance is within a prescribed
rangej}, power calibraticn may be performed 1in strategy

calibration areas (or parts of areas for strategy calibration
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power calibration areas can be performed at a free recording power (in a certain range). By contrast, in
the strategy calibration areas, a recording power within a prescribed range is used after the optimal
recording power is determined by the power calibration. This means that the range of the recording
power used for the strategy calibration areas is smaller than the range of the recording power used for
the power calibration areas. In other words, the varying rate width of the recording power used for the
strategy calibration areas is restricted to be equal to or smaller than the varying rate width of the
recording pdvéer used forthecpouves alibration areasa desein, tthe "varyiag ratéiwitdthoefthe recording
power" is defined as the ratio of the varying rate of the maximum recording power and/or the varying

rate of the minimum recording power with respect to the reference power or the optimal power as
8} gca egr,p FECOralng efa SIS, F!;% T %e e%jsy mgg 1
100%. [0166:”]?%3%”? & tescribed with Specific e>¥amples. IGS. 2&% throug% (?)3 respecﬂvely

show the relationship between the varying rate width of the recording power used for the power
calibration areahnd: thest sised fordhie strategy calibratiornwareacf0lL67HatRIG: 28 the sefererce/power
of the recording power used for the power calibration area is represented as "Pbp", and the reference

power of the recording power usedlfor the straiegy calinalion area is represenied s /BhS" e

overlapping parts may be used for performing, for example,
margin checking. Margin checking 1is to check whether the
recording calibration result truly indicates the optimal
condition by performing recording at a calibration-calculated
recording power or, for example, at a power increased or
decreased therefrom within a range which is guaranteed to be
suitable to the optical disc 1 (at a power with which the
post-recording transmittance is within a prescribed range)
and thus to do fine-tuning to find the optical power. Using
such a method, the number of fTimes non-overlapping areas are
used can be reduced. As a result, the size of the non-
overlapping area provided in each recording layer can be
reduced. Accordingly, the size of the area including the
overlapping part can be increased. Thus, the number of times
the areas are used for recording calibratien can be

advantageously increased.
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Herein, the "reference power" is the reference value of the recording power used for performing
recording on each individual optical disc. In general, the reference power can be calculated from
information on the recording power embedded in the control area or the like of the optical disc 1.
Alternatively, the reference power may be calculated from information on the recording power suitable
to each type of the optical disc 1 which is held in the optical disc recording and reproduction apparatus
100, or may be calculated based on the calibration history left in the drive inherent information area
(Drive Area) df tige ppticaltlise:1. {0168] The referencespower, evernior thersame aptigalldisgt, may
have a different value in accordance with the recording speed used for recording or among the
recording Ia)éers.ln Jggngral, as.the r.efording speed increases, the recording power
. esgr % ﬁ? detall. . . . .
increases.Thereforg, the above-described information on the recording power may be occasionally
prepared for each recording speed or for each recording layer. The reference power Pbp used for the
power calibratiare afea and'the reference power Phsausednferithelsitatedgyecalibration. atdas may be the
same as each other or different from each other.

as a recording target is registered in the optical disc

recording and reproduction apparatus 100 as a tuned optical

disc 1. In this «c¢ase, the strategy calibration areas

including overlapping parts at the same radial position among

adjacent recording layers can be used for power calibration

and strategy calibration, assuming that the recording can be

guaranteed. Alternatively, in the case where the reasults of

callbration performed in the past on a target recording layer

by the optical disc recording and reproduction apparatus 100

(calibration history) are left in a drive inherent

information area (also referred te as a "drive area") or the

like o¢f the optical disc 1, 1i.e., in the case where

calibration i1s performed using the history information, the

strategy calibration areas may be used for power calibration

and strategy calibration as the recording calibration on the

recording layer, assuming that the recording power for the

recording layer can be guaranteed. Alternatively, 1in the
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[0169]FIG. 28(A) shows an example of the varying width of the recording power used for the power
calibration area and that used for the strategy calibration area when the reference power used for
these areas is the same. [0170]Where the reference power Pbp is 100%, the range of the recording
power used for the power calibration area is up to +10% toward the upper limit and up to -15% toward
the lower limit, namely, is the range of 110% to 85% with respect to the reference power Pbp (this
range will be referred to as the "varying rate width"). By contrast, where the reference power Pbs is
100%, the range=of theeeeordirigepowersusedsfor dife strategyCatibrationyarea isup ta ¥8% toward the
upper limit and up to -15% toward the lower limit, namely, is the range of 108% to 85% with respect to

the referenceé)owe Pbs. VYhen 1performing Eh recordingdcalibrftign ir%the power aIibratiog area and
I FOJC%J_I“L% aye (f are ? © as . CaLipractlion .Nis org 1&8 .
the strategy calibration area, the drive can sef a power in the respective varying rate rariges déscribed

above. and the range toward the lower limit is the same. However, the range toward the upper limit is
narrower forithe strategy catibratibniareafthan forthe povercatibrationldreaaNamely; thé vagying rate
width and the absolute value of the recording power used for the strategy calibration area are both

smaller than,those.of (he regording power used;for the power calibration area. [Q172IFIG. 28(8) shows

another example of the varying
between a reference recording layer and another recording
layer 1s found. Actual recording calibration {power
calibration or strategy calibration) 1is performed on the
reference recording layer, whereas actual recording laver 1is
not performed on the another recording layer. The
calibration value o©f the another recording layer is found
using the power rafio or the strategy-change amount which was
found based on the calibration result on the reference
recording layer on which actual calibration was pearformed and
also based on the calibration history. Using such a method,
the consumed amount of the power calibration area or the
strategy calibration area used for recording calibration is
suppressad. In this «case, what 1s wused is history
calibration. Therefore, the strategy calibration areas

including the overlapping parts at the same radial position

amcng adiacent recording lavers are used for actual recording
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width of the recording power used for the power calibration area and that used for the strategy
calibration area when the reference power used for these areas is the same. [0173]The range of the
recording power used for the power calibration area is 110% to 85% with respect to the reference
power Pbp like in FIG. 28(A). By contrast, where the reference power Pbs is 100%, the range of the
recording power used for the strategy calibration area is up to +8% toward the upper limit, and up to
-12% toward the lower limit, namely, is the range of 108% to 88% with respect to the reference power
Pbs. In this exarmple: Wieikeas réferendd olvar is theesahed forthe power ealibration ased and the
strategy calibration area, the range toward the upper limit and the range toward the lower limit are both

narrower for,the sirategy. ealjbration area fhan for the power calibratiop area. Namely, the varying rate

width and the absolute value of the recording power used for the strategy calibration area are both
smaller than those of the recording power used for the power calibration area. [0174]FIG. 28(C) shows
still another &@xaiiple of the va/irig-widthost thelrecording pewéerased forfthe pswerealbratioh area
and that used for the strategy calibration area when the reference power used for these areas is the

same. The range.of the recording power psed forthe power calibration, grea;is 14086 tay85%;with
respect to the reference power Pbp like in FIG. 28(A). By contrast, where the reference power Pbs is
100%, the range of the recording power used for the strategy calibration area is up to +5% toward the
upper limit and-&p to Qf@%vtowa%ﬁ%% loWwe? lindit GTerRely, isthelfangs o 105% ¥ 8298 with fdspect to
the reference power Pbs. In this example, whereas the range from the

recording layer 1s used up, the recording layer next farthest
from the disc surface (for example, LI layer in the case of
the optical disc 1 sheown in FIG. 3A) is used as the reference
lavyer. Using this method, the following effect is provided
for the strategy calibraticn area on which recording 1=
performed at a power suitable for the optical disc 1. When
recording is performed on a certain recording layer, even the
strategy calibration area in & recording layer closer to the
laser light radiation side can be kept unused {in the case of
a write once optical disc, unrecorded). Therefore, 1t is
absolutely unnecessary to consider the influence of the
Transmittance.

[0163] In Embodiments 1, 2 and 3 of the present invention,
the recording calibration area (OPC area) for recording

calibration is divided into an area for power calibration and
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reference power to the upper limit power is larger for the power calibration area than for the strategy
calibration area, the range from the reference power to the lower limit power is smaller for the power
calibration area than for the strategy calibration area. [0175]However, the range from the upper limit
power to the lower limit power for the power calibration area, i.e., the varying rate difference between
the upper limit power and the lower limit power is 25% for the power calibration area (110% - 85% =
25%) and is 23% for the strategy calibration area (105% - 82% = 23%). Thus, the varying rate width is
smaller for the strategy cafibrationtarea¢han forahe power calibratiohdrea 2[04 76 F4Ga 28(2)lshows an
example of the varying width of the recording power used for the power calibration area and that used

for the strat%gycg%l@&ati 0 ar(gﬂg%%me r%eerggcei%oweegl u edrfgé (t)f}]:e Eowerlcaliggfation qea is
different from that used for the strategy calibration area. In this example, the reference power Pbs

used for the strategy calibration area is larger than the reference power
concept is not limited to recording calibration areas. In

more detail, the fundamental concept of the present invention
is to provide a rough calibration areas used for rough
calibration by which conditions are narrowed down to
conditions suitable to recording to some extent by changing
the recording power, like power calibration in recording
calibration, and a precise calibration area used for precise
calibration (fine-tuning) by which conditions are to narrowed
down to an optimal condition, like strategy calibration area
in recording calibration. These areas are provided as
separate areas 1in each recording laver. In addition, in
Embodiments 1, 2 and 3 of the present inventiocn, because
calibraticn of the recording power 1is the target, the rough
calibration areas used for power calibration are located at
different radial positions in consideration of the recording
state (transmittance balance) of the other recording layers.
Namely, the fundamental concept of providing a rough

calibration area and a precise calibration area as separate
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Pbp used for the power calibration area. This corresponds to, for example, when the recording speed
of calibration (recording) performed in the strategy calibration area is higher than the recording speed
of calibration (recording) performed in the power calibration area. [0177]Where the reference power
Pbp is 100%, the range of the recording power used for the power calibration area is up to +10%
toward the upper limit and up to -15% toward the lower limit, namely, is the range of 110% to 85% with
respect to the reference power Pbp (this range will be referred to as the "varying rate width"). By
contrast, wherethe referenceqiowercRs i$1100%/ theerangesof thewecardingepower used fonthe
strategy calibration area is up to +8% toward the upper limit and up to -12% toward the lower limit like

for the power calibration area, namely, '}§agqe{g@%§ (91 %%?%oat?i%%wghrespect to the reference
power Pbs. [0178]Unlike in FIGS. 28(A) through 28(C), the reference power Pbs is different from the

reference power Pbs (Pbp < Pbs).Therefore, in this example, the upper limit value of the recording
power used férithé stratedyscalibratioogreagigove, an apparatus (drive) such as an

optical disc recording and reproduction apparatus 100 can use
the strategy calibration area as an area for calibration as
long as the above-described restricting conditions on the
recording power are fulfilled, However, the calibration
performed in this area is not limited to strategy calibratiocon.
The drive can perform any calibration in the strategy
calibration area with no limitation on the use. The strategy
calibration areas, which are usable by the drive for any
calibration, do not need to be arranged so as not to be
Located ;t the same radial positicn unlike the power
calipbration areas.

(Cles] As described above, the power calibration in the
power calibration areas can be performed at a free recording
power (in a certain range). By <ontrast, 1n ftThe strategy
calibration areas, a recording power within a prescribed
range 1is used after the ocptimal recording power is determined

by the power calibration. This means that the range of the
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higher than the upper limit value of the recording power used for the power calibration area. However,
regarding the varying rate width of the recording power with respect to the reference power, the range
to the upper limit power and the range to the lower limit power are both narrower for the strategy
calibration area than for the power calibration area. Namely, the varying rate width of the recording
power used for the strategy calibration area is smaller than the varying rate width of the recording
power used for the power calibration area. [0179]Such relationships can be expressed by the following
expressionsripmaxiksmax;oe Kpmir K smimrandh(®&pmaxataminKsmaxatKsminkreas is

smaller than the range of the recording power used for the
power calibration areas. In other words, the varying rate
width of the recording power used for the strategy
calibration areas 1s restricted to be egual toc or smaller
than the wvarying rate width of the recording power used for
the power calibration areas. Herein, the "varving rate width
of the recording power" is defined as the ratioc of the
varying rate of the maximum recording power and/or the
varying rate of the minimum recording power with respect to
the reference power or the optimal power as 100%.

i0ico] This will be described with specific examples.
FIGS. 28(A) through 28(D) respectively show the relationship
between the varying rate width of the recording power used
for the power calibration area and that used for the strategy
calibration area.

[0167] Inm FIG. 28, the reference power of the recording
power used for the power calibration area is represented as
"Pbp", and the reference power of the recording power used

for the strategy calibration area 1s represented as "Pbs".
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[01801In the above expressions, the reference power for the power calibration area is "Pbp", the
varying rate toward the upper limit (the ratio between the upper limit power and the reference power) is
"Kpmax", the varying rate toward thelower limit (the ratio between the lower limit power and the
reference power) is "Kpmin", the reference power for the strategy calibration area is 'Pbs", the varying
rate toward the upper limit is "Ksmax and the varying rate toward the lower limit is "Ksmin". [0181]In

this manner, suppressing the varying rate width
Herein, the "reference power" is the reference value of the

for performing recording on each

recording  power used
individual optical disc. 1In general, the reference power can
be calculated from information on the recording power
embedded in the control area or the like of the optical disc
1. Alternatively, the reference power may be calculated from
information on the recording power suitable to each type of
the optical disc 1 which is held in the optical disc
recording and reproduction apparatus 100, or may be
calculated based on the calibration history left in the drive
inherent information area (Drive Area) of the optical disc 1.
[01e8] The reference power, even for the same optical disc
1, may have a different wvalue in accordance with the
recording speed used for recording or among the recording
layers. In general, as the recording speed increases, the
recording power increases. Therefore, the above-described
information on the recording power may be occasionally
prepared for each recording speed or for each recording layer.

The reference power Php used for the power calibration area

and the reference power Pbs used for the strategy calibration
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of the recording power has an effect of securely obtaining the transmittance balance in the strategy
calibration areas located at the same radial position in all the recording layers and thus securely
obtaining the calibration precision. [0182] The examples in FIG. 28 are merely exemplary, and the
ranges to (values of) the upper limit and the lower limit are not ed to the above. In other words, it is
sufficient as long as the condition that the varying rate width of the recording power used for the
strategy calibration area is smaller than (alternatively, equal to or smaller than) the varying rate width
of the recording poweryused farrthe pewer calibratioh areanisAulfilledd01.83Hn xelatiorowitke EtG. 28, the
following method, for example, is effective for the strategy calibration areas located at the same radial
position in all the recording layers. Under the same conditions (e.g., the same recording speed or the
same recorcﬁng ?aryér), the absolute value of the recording power used for the strategy calibration area
is restricted to be smaller than (alternatively, equal to or smaller than) the absolute value of the
recording poWweraised for thespower{gdlibratiorsarea. NamelyePbs xtKpmax PpsncKsmakh of

the recording power used for the power calibration area and
that uged for the strategy calibration area when the
reference power used for these areas 1s the same.

01707 Where the reference power Pbp is 100%, the range of
the recording power used for the power calibration area is up
to +10% toward the upper limit and up to -15% tfoward the
lower limit, namely, 13 the range of 110% to 85% with respect
to the reference power Pbp (this range will be referred to as
the "wvarying rate width"). By contrast, where the reference
vower Pbs is 100%, the range of the recording power used for
the strategy calibration area 1s up to +8% toward the upper
limit and up te -15% toward the lower limit, namely, is the
range of 108% tec 85% with respect to the reference power Pbs.
When performing the recording calibration 1in the power
calibration area and the strategy calibration area, the drive
can set a power 1in the respective varying rate ranges

described above.



[0184]Restricting the magnitude of the recording power used for the strategy calibration area becomes
more effective as the number of stacked recording layers increases. As described above, in the
embodiments of the present invention, the strategy calibration areas are located at the same radial
position in all the recording layers. Therefore, as the calibration is performed on a recording layer
deeper from the laser light incidence surface, the calibration is more likely to be influenced by the
transmittance balance of the strategy calibration area of a shallower recording layer which is already
subjected to[thé calibratibn. By sestticting Hieomagnitide ot therrecording pewet sised forsthesstrategy
calibration area, the destruction of the transmittance balance on a shallower recording layer can be

suppressed.,[fys js,more, conspieyous ashe number of recording ayers ingreases. (9185jNormally
as the number of recorﬁng ?ayers Increases, it should become Isadvantageous to locate the

calibration areas at the same radial position. Nonetheless, according to the present invention, the
strategy calibratioreareas ape tocated:at thepsame radial pesitien: rihis is realized by séstectng the
magnitude of the recording power, which is not conventionally considered. [0186]In Embodiments 1, 2

and3(ﬁtheég§§%y£@fggp9rea than for the power calibration area. Namely,

the wvarying rate width and the absolute wvalue of the
recording power used for the strategy calibration area are
both smaller than those of fthe recording power used for the
power calibration area.

F0172] FIG. 28(B) shows another example of the varying
width of the recording power used for the power calibration
area and that used for the strategy calibration area when the
reference power used for these areas is the same.

[0173] The range of the recording power used for the power
calibration area is 110% to 85% with respect to the reference
power Php like in FIG. 28(a). By contrast, where the
reference power Pbs is 100%, the range of the recording power
used for the strategy calibration area is up to +8% toward
the upper limit and up to -12% toward the lower limit, namely,
is the range of 108% to 88% with respect to the reference

power Pbs. In this example, whereas reference power 1s the
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the optical disc 1 includes three recording layers, for example. The number of the recording layers
does not need to be three. Substantially the same effect can be provided where the optical disc 1
includes six or eight recording layers, needless to say. [0187]In Embodiments 1, 2 and 3, a write once
information recording medium is used as an example.Substantially the same effect can be provided for
a rewritable information recording medium. the power calibration areas have the same size among the
recording layers, and the strategy calibration areas have the same size among the recording layers. In
Embodiment3rof thef presentiavention: the O G areasibthhaverthe same! sizeramong:thetregerding
layers.Alternatively, these areas may have

calibration area, the rangs toward the upper limit and the

range toward the lower 1imit are both narrower for the

strategy calibration area than for the power calibration area.

Namely, the wvarying rate width and the absoclute value of the

recording power used for the strategy calibration area are

both smaller than those of the recording power used for the

power calibration area.

[0174] FIG. 28/(C) shows still another example of the

varying width of the recording power used for the power

calibration aresa and that used for the strategy calibration

area when the reference power used for these areas 1is the

same. The range of the recording power used for the power

calibraticon area is 110% to 85% with respect to the reference

power Php like in FIG. 28 (A). By «contrast, where the

reference power Fbs 1s 100%, the range of the recording power

used for the strategy calibration area is up to +5% toward

the upper limit and up to -18% toward the lower limit, namely,

is the range of 105% to 82% with respect to the reference

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

power calibration area than for the strategy calibraticon area,

the range from the reference power tTo the lower limit power

is smaller for the power calibration area than for the

strategy calibration area.

[0175] However, the range from the upper limit power Lo

the lower limit power for the power calibration area, i.e.,

the varying rate difference between the upper limit power and

the lower limit power 1is 25% for the power calibration area

(110% - BL% = 25%) and 1is 23% for the strategy calibration

@

area ({(105% -~ 82% = 23%). Thus, the wvarying rate width is
smaller for the strategy calibration area than for the power
calibration area.

[0176] FIG. 28(D) shows an example of the varying width of
the recording power used for the power calibration area and
that used for the strategy calibration area when the
reference power used for the power calibration area is
different from that used for the strategy calibration area.

Iin this example, the reference power Pbs used for the

strategy calibration area 1is larger than the reference power
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calibration on the target recording layer only needs to be done before usual recording is performed on
the target recording layer at the latest. It is not necessary to actually perform the recording calibration
on all the recording layers. For example, it is acceptable that the recording calibration is performed on
at least one recording layer and the optimal parameters for the other recording layers are found by
calculation based on the results obtained for the at least one recording layer. Even in this case, it is
regarded that actual calibration is performed on the other recording layers. As one recording layer, for
example, a reicprding tayer having thedargestrethainingcsize: inethe area far recording catilaration
(power calibration area, strategy calibration area, OPC area) may be selected, or a recording layer
having the Iafrc?gst séz}{e of t e area rI_‘oEg recqérgling cggt():raggg may be esi‘el(ﬁcteg.1,ﬂ_n[019(‘%]l'liri1)is wCiII bg
described in detall incﬁﬂ?ng the efféct. In Embodiments ) 2%ndF6fthe présenflnvenﬁgn, or
example, when the optical disc 1 including a plurality of recording layers is mounted and then a
recording requestdfromnthe hpstrtbthaeder datatZone 141is aeceptedsfol thesfirsttime,the reterding
calibration is performed at the same timing on all the recording layers. This method has a
disadvantage.t e di alibratio that timing is signjificanily time-consumi owever, this
method als%%‘ﬁ“agsﬁ t%; fom)%%lgngreglégvar?t%%g%gﬁrng A#é%t ge rgsggréag%%ﬁé%ﬁ%% is?|CJL):JE?F%OI%%mC!(:lcf1 \gﬁce,
even when, for example, the recording layer is replaced with another recording layer in the middle of
continuous feesiding dtlisinbt Heeessarg 1o perfomagdordirmgealibration. Therefore, the recording
processing performance of the drive system can be kept constant. For all the recording layers, a
uniform recorgigrspeed. fofxample. the fighest speed AL whieh e regeiding aliyalion was
successful for all the recording layers, can be used. Therefore, it is not necessary to manage the

recording speed which is different for each recording layer. This can simplify the drive control
mncessmg_the recording power used for the power calibration area is up

to +10% toward the upper 1imit and up to =~15% toward the
lower 1imit, namely, is the range of 110% to 85% with respect
to the reference power Pbp {(this range will be referred to as
the "varying rate width"). By contrast, where the reference
power Pbs is 100%, the range of the recording power used for
the strategy calibration area is up to +8% toward the upper

limit and up to -12% toward the lower limit like for the

o

power calibration area, namely, is the range of 108% to 88

with respect to the reference power Pbs.

(01787 Unlike in FIGS. 28(A) through 28(C), the reference

power Pbs 1s different from the reference power Pbs (Pbp <

Pbs). Therefore, in this example, the upper limit value of

the recording power used for the strategy calibration area is
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[0191]This method is effective to, for example, a system which allows a certain period of time to be
used before the start of calibration but cannot permit a delay in the recording processing during the
continuous recording, which may cause a loss of recording data or the like, for example, a recorder
system which has a timer recording function and cannot permit a loss of an image during the
recording. [0192]As described above, the following method is also conceivable. For example, when
the optical disc 1 including a plurality of recording layers is mounted and then a recording request from
the host to thé aiserdataszone #4 isracoepledifor thve first tinfe, the resording calibrationris perfdrmed
only on the recording layer indicated by the request.This method has a disadvantage that during

for the power calibration area. However, regarding the
varying rate width of the recording power with respect to the
reference power, the range to the upper limit power and the
range to the lower limit power are both narrower for the
strategy calibration area than for the power calibration area.
Namely, the varying rate width of the recording power used
for the strategy calibration area is smaller than the varying
rate width ¢f the recording power used for the power
calibration area.
[C179] Such relaticnships can be expressed by the
following expressions:

Kpmax 2 Ksmax, or Kpmin % Ksmin
and

{(Kpmax - Kpmin)} 2 (Ksmax - Ksmin})
[0L180O] In the above expressions, tThe reference power for
the power calibration area is "Php", the varving rate toward
the upper limit (the ratio between the upper limit power and
the reference power) is "Kpmax", the varving rate toward the

iower limit (the ratio between the lower limit power and the
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continuous recording, it is necessary to perform recording calibration when, for example, the recording
layer is replaced with an other recording layer and so the recording processing performance may be
occasionally varied. However, this method also has the following advantages. The time for the
recording calibration when the first recording request is accepted can be shortened (the maximum
response time for the recording request can be shortened). Recording calibration is not
performed on a recording layer on which recording is not to be performed. Therefore, recording
calibration is-rdteperformedwheniunnecessary,ifol’ exanigle, whennthe opticabdise 1 odischasged
after user data is recorded only on the recording layer LO. Therefore, the use efficiency of the

recording caéi@;a&igg eas ¢a p maximized. [0193]This methad is effective to, for example, a PC
drive system in which“a ti%riae-lo%t %stﬁr%or\llid%ﬁgr the rec%?‘gin@ rk(g%ﬁ?es\tfﬁg%lt%% h%asttgn§ 868 ?ﬁ?

response needs to be made within a prescribed time. [01947When the latter method is adopted, it is
necessary the upper limit is "Ksmax", and the varying rate toward the

lower limit is "Ksmin".

[0181] In this manner, suppressing the varying rate width
of the recording power has an effect of securely ocobtaining
the transmittance balance in the strategy calibration areas
located at the same radial position in all the recording
layers and thus securely obtaining the calibration precision.
[0182] The examples in FIG. 28 are merely exemplary, and
the ranges to (values of} the upper limit and the lower limit
are not limited to the above. Iin other words, i1t i=
sufficient as long as the condition that the wvarying rate
width of the recording power used for the strategy
calibraticon area 1s smaller than {(alternatively, equal to or
smaller than) the wvarying rate width of the recording power
used for the power calibration area is fulfilled.

[0183] In relation with FIG. 28, the following method, for
example, 1s effective for the strategy calibration areas

located at the same radial positicn in all the recording
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to record management information updated by the recording of user data, in addition to performing
recording calibration on a recording layer, the recording request on which is accepted. Therefore, the
recording calibration on a recording layer including a management information area in which
management information is to be recorded the next time (e.g., DMA, or TDMA in the case of a write
once optical disc) may be performed at the same time. present invention, as information for identifying
the usable position (i.e., for distinguishing a used position or an unused position), information
regarding théanext asabl&position is: provided: Qtihiertthanthis enethod tfor exampley acnethooof
managing the used area and the unused area by a bitmap provides substantially the same effect.
[0196]As degcribeﬂd in Em odiSr11ents 1é 2 argji% of Ehae %rreaientc'&qventtifon in orderat? realizg a method of

ST 5 the same Cor absdlute 180 He
reassigning appart of the's rategy Calibration area as a power calibration area when the power

calibration area is used up, information on the final usable position (end position) of each area, the
remaining sizecuosing irectionsor theskke maybetfurthertprevided. Considerimgithat after the ipower
calibration area is used, a reserved area located at the same radial position in another recording layer

is also used, it is effective tq consider that one recording layer includes a;plurality of power calibration
areas and strrateg'y cacﬁbration areas, Sém§ to%eep alist of( Et%he start po—s,l%t?%rg}énd tée sge o%suc a
plurality of power calibration areas and such a plurality of strategy calibration areas, in addition to the

next usable positioptinformatior;he absolute value of the recording power used

for the power calibration area. Namely,
Pbs x Kpmax = Pbs x Ksmax

(01847 Restricting the magnitude of the recording power
used for the strategy calibration area becomes more effective
as the number of stacked xrecording layers Iincreases. As
described above, in the embodiments of the present invention,
the strategy calibration areas are located af the same radial
position in all the recording layers. Therefore, as the
calibration 1s performed on a recording laver deeper from the
laser light incidence surface, the calibration is more likely
to be influenced by the transmittance balance of the strategy
calibration area of a shallower recording layer which is
already subjected to the calibration. By restricting the
magnitude of the recording power used for the strategy

calibration area, the destruction of the transmittance
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[01971In Embodiments 1, 2 and 3 of the present invention, the power calibration areas are used for
the opposite direction to the track path, and the strategy calibration areas are used in the same
direction among all the recording layers. This is merely an example. [0198]For example, a track may
be destroyed by performing recording in a power calibration area at an excessive power. A method of
calibration considering such destruction of the track may be applied to the strategy calibration area as
an idea common to the recording calibration processing. In this case, the power calibration area and
the strategylvalibration area af thé samevrecordingolayénare Usge for cecording inthe sameedirection.
For example, in the LO layer, both the power calibration area and the strategy calibration area may be

used from the,outer, side, foward the inner,side, namely, Jn fhe pposite direction {0 the frack path.
[0199]Alternatively, it is possible to simply use the power calibration area in fhie oppgsite direction from

the
increases.

[0185] Normally, as the number of recording lavers
increases, 1t should become disadvantageous to locate the
calibration areas at the same radial position. Nonetheless,
according to the present invention, the strategy calibration
areas are located at the same radial position. This is
realized by restricting the magnitude of the recording power,
which is not conventionally considered.

[0186] In Embodiments 1, 2 and 3 of the present invention,
the optical disc 1 includes three recording lavyers, for
example. The number of the recording layers does not need to
be three. Substantially the same effect can be provided
where the optical disc 1 includes six or eight recording
layers, needless to savy.

[0187] In Embodinments 1, 2 and 3, a write once informatiocn
recording medium is used as an example. Substantially the
same effect can be provided for a rewritable information

recording medium.



track path but to use the strategy calibration area, in which the recording is performed at a recording
power generally suitable to the optical disc 1, in the same direction as the track path. This method
works even when an area in the power calibration area is destroyed. Even if recording results in a
failure due to a medium defect or the like during the strategy calibration, re-try processing can be
performed in continuation from the previous recording.In this manner, access performance can be
improved.In the case where the recording fails in the middle of calibration where the area is used in
the opposite[difgttion to the trackopathnarécordedzareéa anddn umrecgrdedarea arevisothieft in the
calibration area. This causes a problem that it is difficult to search for a border between the recorded

area and theC_ngegocgggg a_rggl\_/xtg)e;ré@n &pnoa;(@eagi% %%g%s]m%fﬁ% problem csapzt%e solved WhEehre the

area is used in the same direction as the track path. e above, a posslbléa1 destruction of the

power calibration area is mentioned. Some of the medium can never be put into a state where a PEA
embedded aswobblesor therers, and the strategy calibration areas have the

same size among the recording layers. In Embodiment 3 of the
present invention, the OPC areas 50 have the same size among
the recording lavers. Alternatively, these areas may have
different sizes among the recording lavers. Specifically,
for example, the size of the power calibration area or the
strategy calibraticn area may be varied in accordance with
the gize of the management information area {(not shown)
included in the lead-in zone 13 or the lead-out zone 15 of
each recording laver. Alternatively, the size of the powar
calibration area or the strategy calibration area may be
varled in accordance with the size of a spare area (not
shown} provided in the data zone 14 as an alternative area or
the like for the defect block of the Tike.

[0189] In Embodiments 1, 2 and 3 of the present inventicn,
the recording calibration is performed at the same timing for
all the recording lavers. It is not necessary to perform the

recording cailibration at the sgame timing. The recording



like cannot be obtained even when recording is performed at a high power to some extent. Therefore,
the direction of use may not be limited for the power calibration areas either, and both the power
calibration area and the strategy calibration area may be simply used in the same direction as the
track path. Thus, the access performance can be improved both during power calibration and strategy
calibration. [0201]For a rewritable information recording medium, overwriting and random access are
possible. Therefore, it is not necessary to restrict the manner of usage, unlike the write once
information recbrding mediumiSubstantialydhé sameomanner of aigage as describedabove is<also
applicable to the rewritable information recording medium.In that case,
done Dbefore usual recording is performed on the target
recording layer at the latest. It 1is not necessary to
actually perform the recording calibration on all the
recording layers. For example, 1t 1s acceptable that the
recording calibration is performed on at least one recording
layer and the optimal parameters for the other recording
layers are found by calculaticn based on the results obtained
for the at least one recording layer. FEven in this case, it
is regarded that actual calibration is performed on the other
recording layers. As one recording layer, for example, a
recording layer having the largest remaining size in the area
for recording calibration (power calibration area, strategy
calibration area, OPC area) may be selected, or a recording
layer having the largest size of the area for recording
calibration may be selected.
[0190] This wilill be described in detail including the
effect. In Embodiments 1, 2 and 3 of the present invention,

for example, when the optical disc 1 including a plurality of

recording layers is mounted and then a recording reguest from
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substantially the same effect can be provided as for the write once information recording medium.
[0202]In Embodiments 1, 2 and 3 of the present invention, the areas for power calibration and the
areas for strategy calibration do not overlap. For example, power calibration may be performed with
light passing through the area which was used for strategy calibration. Specifically, in the case where
power calibration is to be performed on LO layer and the area of the LI layer at the same radial
position has already been used by strategy calibration performed at a certain recording layer, the area
of the LO layéramaybe used fdrspownes calibratiore becaust the influeape of théctransmittancesis low.
[0203]In Embodiments 1, 2 and 3 of the present invention, a tracking method called "opposite path" is
used for the optical disc 1. Substantially the same effect can be provided even by, for example,
"parallel path” 3% Whllctlsﬁ the p%ysm%lla dress&iesrgal;gl %%glréneds fro‘rgn J%ed|nnefj'e;|o|ﬁeéiov%aglrd the£outer side

in an ascending order (or in a descending order) in all the recording layers.
timing con all the recording layers. This method has a

disadvantage that the recording calibration at that timing is
significantly time-consuming. However, this method also has
the following advantages.

After the reccrding calibration is performed once,
even when, for example, the recording layer is replaced with
another recording layer in the middle of continuous recording,
it is 1ot necessary to perform recording calibration.
Therefore, the reccrding processing performance of the drive
system can be kept constant.

For all the recording lavyers, a uniform recording
speed, for example, the highest speed at which the recording
calibration was successful for all the recording layers, can
be used. Therefore, 1t is not necessary to manage Lhe
recording speed which is different for each recording laver.
This can simplify the drive contreol processing.

[0191] This method is effective to, for example, a system

which allows a certain periocd of time to be used before the
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(EMBODIMENT 4) (1) Area arrangement [0204]FIG. 21 shows an area arrangement of a write once
optical disc including three recording layers according to Embodiment 4 of the present invention.
[0205]The lead-in zone 13 of the optical disc 1 includes, for recording calibration performed on each
recording layer, recording calibration areas A (a recording calibration area A 60 in the LO layer, a
recording calibration area A 61 in the Li layer and a recording calibration area A 62 in the L2 layer) and
recording calibration areas B (a recording calibration area B 70 in the LO layer, a recording calibration
area B 71 insthe i1 layef, and ailecordingicalibrationarea B 72 #xthetl 2 layer): The recordinge
calibration areas A and the recording calibration areas B are of different types from each other. The
recording ca}iggatgg)n.%reas A %heesrsezcrtl)rdi%%%Iii,pratié)gl]eare% ﬁ\tGl% @O@Se LO Igge& ji[he rec rding
calibration area A gf inthé L layer, and the reco?din{:] Calibration area A 62 i the L2 1ay‘é9ﬂla?re located
so as to include overlapping parts at the same radial position. The recording calibration areas B (the
recording calibrationsrea 8 7@ Fsthell O tayerdhegectrdingocalibratiohidrea B¢l inetherid layer, and
the recording calibration area B 72 in the L2 layer) are also located so as to include overlapping parts

at the samegaq}glc%%ggop. lé'?é%@mth%hﬁqme B%dé'al QOS&I% zm%g%%%%e function and
cannot permit a loss of an image during the recording.
[0192] As described s&above, the following method is also
conceivable. For example, when the optical disc 1 including
a plurality of recording layers is mounted and then a
recording reguest from the host to the user data zone 14 is
accepted for the first time, the recording calibration is
performed only on the recording layer indicated by the
request. This method has a disadvantage that during
continuous recording, it 1s necessary to perform recording
calibration when, for example, the recording layer is
replaced with an other recording layer and so the recording
processing performance may be occasionally varied. However,
this method also has the following advantages.
The time for the recording calibration when the first
recording request is accepted can be shortened (the maximum

respeonse time for the recording request can be shortenad).
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same radial position in a precise sense. Namely, the "same radial position" has the meaning described
in Embodiment 1, and radial positions which are deviated due to aligning errors of the recording layers,
influences of characteristics of laser light and the like are regarded as the "same radial positions".
[0206]The recording calibration areas A are, like the power calibration area or the like described in
Embodiment 1, areas where recording calibration may be performed at an arbitrary recording power
with no a ion (hereinafter, such recording calibration will occasionally be referred to as the "recording
calibration A"). For-exampledpowerceadlibration. by: whichrretordingfis woaducted white changing the
recording power step by step (step-by-step recording) may be performed. [0207]The recording

calibration areas.A are logaied,sq @éaqm%$%%vqum parts atihg same radigl positignn the

recording layers, and recording is permitted to be performed at an arbitrary power. Therefore, in the

case where, for example, laser light used for performing recording
recording calibration is not performed when unnecessary, for

example, when the optical disc 1 i1s discharged after user
data is recorded only on the recording layer LG. Therefore,
the use efficiency of the recording calibration areas c¢an he
maximized,

[0193] This method 1is effective to, for example, a PC
drive system in which a time-out 1is provided for the
recording request from the host and so the response needs to
be made within a prescribed time.

[0194] When the latter method is adopted, it is necessary
te record management information updated by the recording of
user data, in additicn to performing recording calibration on
a recording layer, the recording request on which is accepted.
Therefore, the reccrding calibration on a recording layer
including a management information area in which management
information is to be recorded the next time (e.g., DMA, or
TDMA 1in the case of a write once coptical disc) may be

performed at the same time.
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calibration in the recording calibration area A of one recording layer is transmitted through the
corresponding area of another recording layer on which power calibration with step-by-step recording
has already been performed, the transmittance is possibly varied to cause an obstacle to provide
proper calibration results. In order to avoid this, the recording calibration areas A are restricted to be
used sequentially from the recording layer farthest from the side on which laser light is incident.
Namely, in the case of, for example, the optical disc 1 shown in FIG. 21, the recording layer on the
laser light indidéRnce side isttheskeZ fayer, andtherfecerdingilayerlocated fadithesttheérefrdm isthe LO
layer. Therefore, the recording calibration areas A are sequentially used from the recording calibration

area A 60 indhe LQ layer, JWhen the recording calilration aea A 60.in the L O, laver is used up, the
recording calibration area A 61 in the LI layer and then the record]ing calibration area A 62'in the L2
layer are used sequentially. By using the areas in this manner, the recording calibration layer(s) A in

the recording%&yeris)on the Rser ircidendé siderwith séspeet @ used position or an

unused position), information regarding the next usable
position is provided. Other than this method, for example, a
method of managing the used area and the unused area by a
bitmap provides substantially the same effect.

(0196} As described in Embodiments 1, 2 and 3 of the
present invention, in order to realize & method of re-
assigning a part of the strategy calibration area as a power
calibration area when the power calibration area is ugsed up,
information on the final usable position (end position) of
each area, the remaining size, using direction or the like
may be further provided. Considering that after the power
calibration area is used, a reservad area located at the same
radial position in another recording layer is also used, it
is effective to consider that one recording layver includes a
plurality of power calibration areas and strategy calibration
areas, and to keep a list of the start position and the size

of such a plurality of power calibration areas and such a
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to the recording calibration area A to be now used is(are) always in an unused (unrecorded) state.
Thus, the influence of the transmittance variance or the like on the recording calibration results can be
prevented. [0208]The recording calibration areas B are, like the strategy calibration area or the like
described in Embodiment  areas where recording is performed at a recording power guaranteed to
be generally suitable to the optical disc 1, namely, at a recording power which, when used for
performing recording in an area, provides the area with a transmittance within a prescribed range to
such a degrée that does nof spoiltheamnsmitiaicestdlancex(hessinafter, suthirecordingpwilihe
occasionally be referred to as the "recording calibration B"). For example, for adjusting the pulse width,

strategy caliggg;ipqi%w@g:%gggrgr&%isi%%gge&yygi_le changing the pulse width and fixing the

recording power to the recording power which is obtained by the power calibration and is generally

suitable to the optical disc 1 may be performed. [0209]The recording calibration areas B are also
located [0197] In Embodiments 1, 2 and 3 of the present invention,

the power calibration areas are used for the opposite
direction to the track path, and the strategy calibration
areas are used in the same direction among all the recording
layers. This is merely an example.

[0198] For example, a track may be destroyed by performing
recording in a power calibration area at an excessive power.
A method of calibration considering such destructicon of the
track may be applied to the strategy calibration area as an
idea commen to the recording calibration processing. In this
case, the power calibraticon area and the strategy calibration
area of the same recording laver are used for recording in
the same direction. For example, in the L0 layer, both the
power calibration area and the strategy calibration area may
be used from the outer side toward the inner side, namely, in
the opposite direction to the track path.

[0199] Alternatively, 1t 1is possible to simply use the

power calibration area in the opposite directicn from the
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so as to include overlapping parts at the same radial position in the recording layers, and recording is
performed at a recording power generally suitable to the optical disc 1, for example, the recording
power obtained by the power calibration. Therefore, even if recording is performed with laser light
which was passed through a recording calibration area B of another recording layer on which
recording was already performed, it is considered that the current recording calibration area B is not
substantially influenced by the transmittance provided by the recording state of the another recording
layer (the infitféride cartbesuppressed to blreghgibie fevel)cEoi this reasona unlike the recording
calibration areas A, there is no restriction on the order of use. Namely, regardless of the state of the
recording calipration area(s) B in the pthe recording layer(s). the ragording galibration, atea B in an
arbitrary recording layer can be used at an arbitrary timing. [0210]FIG. 21 shows an example in which
all the recording calibration areas A include overlapping parts at the same radial position (are located
at the sametadiatpositién) UFie rior abselutely Aecdssatky thalt thesreterding ealibration ardaseA in all
the recording layers have overlapping parts at the same radial position. The area arrangement shown
in FIG. 21 is.the mostafficientarrangementof,fhe areas, for reeording.calipration,in the leadsin.zone 13
(or in the lead-out zone 15). However, as shown, for example, in FIG. 22, only the recording calibration
area A 60 in the LO layer may be located at a different radial position from the other recording
calibration aréas A%iA the bteF fécording Fayers YARhougFithe ratio 6ftheatéaJorreebrdisy éalibration
occupying the lead-in zone 13 (or the lead-out zone 15) is slightly larger than in the example shown in
FIG. 21, substantially.the same effects,asitbaseof the example.shewr in FlG= 21:can Rg provided as
long as the order of use is restricted in the same manner. Like the recording calibration areas A, even
if all the recording calibration areas B do not include overlapping parts at the same radial position,

substantially fHePS&iHe effddtsTan b Provided f @ How i tstithé dréds e performed in

continuation from the previous rescording. In this manner,
access performance can be improved. In the case where the
recording fails in the middle of calibration where the area
is used 1in the opposite direction to the track path, a
recorded area and an unrecorded area are both left in the
calibration area. This causes a problem that it 1s difficult
to search for a border between the recorded area and the
unrecorded area when an abnormallty occurs. This problem can

be solved where the area is used in the same direction as the

[0200] In the above, a possible destruction of the power
calibration area is mentioned. Some of the medium can never

be put into a state where a PBA embedded as wobbles or the
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[0211]How to use the recording calibrations A and the recording calibration areas B will be described
in more detail with reference to FIG. 21. In FIG. 21, the arrows represent the directions in which the
recording calibration areas A and the recording calibration areas B are used (recorded). [0212]In one
recording layer, recording is performed in a write once manner both in the recording calibration area A
and recording calibration area B (for example, the recording calibration area A 60 and the recording
calibration area B 70 in the LO layer). Namely, the recording calibration area A and the recording
calibration ate& B arerused ina @spectiveipreseribedt directiar (fari exanplep thef recoeding tcalibration
area A and the recording calibration area B are both used in the opposite direction to the track path; in

the case of EIG. 21 %e rec Bdin calibrat'penﬂ%r.ea AF % ang recording cagbratiogiarea Bf70ui£1 ethe LO

layer are useé?r%mpt e outer side toward the inner si efe soégécri%eg in EZT)A?-fow%1 use the areas in

Embodiment 1 of the present invention, the areas are used in this manner in consideration of the
following: atmttie stage dfepetormingboher calibrationwith stepidyrsteprecording=at anarbitrary
power, the power adjustment has not been done; and so it is not guaranteed that the recording is

performed 2t 4 anpranriate Rower AL May fiaRasHbls hatile recarding s perfaymad af, g very

high power and as a result, the track 11 is destroyed. [0213]As described above, the recor

calibration areas
calibraticn area may be simply used in the same direction as

the track path. Thus, the access performance can be improved
both during power calibration and strategy calibration.

102017 For a rewritable information recording medium,
overwriting and random access are possible. Therefore, it is
not necessary to restrict the manner of usage, unlike the
write once information recording medium. Substantially the
same manner of usage as described above is also applicable to
the rewritable information recording medium. In that case,
substantially the same effect can be provided as for the
write once information recording medium.

[G202] In Embodiments 1, 2 and 3 of the present invention,
the areas for power calibration and the areas for strategy
calibration do not overlap. For example, power calibration
may be performed with light passing through the area which

was used for strategy calibration. Specifically, in the case
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A are restricted to be used sequentially from the recording layer farthest from the laser incidence side
(from the deepest recording layer). In the case of, for example, the optical disc shown in FIG. 21, the
recording calibration areas A are sequentially used from the recording calibration area A 60 in the LO
layer farthest from the laser light incidence side (from the deepest recording layer). When the
recording calibration area A 60 is used up, the recording calibration area A 61 in the LI layer and the
recording calibration area A 62 in the L2 layer are used sequentially. [0214] The direction of use of the
recording cafibeationzpeas A andithesedonding<alitration area B incehchirecoiding Yayer shown in
FIG. 21 is merely an example, and the present invention is not limited to this.FIG. 21 shows an
example in which the recerding calibration.asea A and the recqrding,calibration atea Bnclyded in the
same recording layer are used in the same direction, i.e., in the opposite direction to the track path.
Alternatively, the direction of use may be as follows: the recording calibration area A, in which
recording ishb¥ §aaranteedto be performedsatai-approprinté pecdrding powsi 4§ uséd in the@opposite
direction to the track path; whereas the recording calibration area B, in which recording is guaranteed
to be performeq-at grecording powey generally;suitable to the opticaldise 1.is used ipthe same
direction as the track path. Regarding the recording calibration area A, this works even when the area
is destroyed during the power calibration. Regarding the recording calibration area B, even if recording
results in a fafltire ik’ theerhiddIecafthe 3trafsyy cRmsratisn dud-teta méditi et or e likehfe-try
processing can be performed in continuation from the previous recording, for example. In this manner,
an effect of improving-access pekformance is provided. In the case where the recording fails in the
middle of the calibration where the recording calibration area B is used in the opposite direction to the
track path, a recorded area and an unrecorded area are both left in the calibration area. This causes a
problem that ft1¢ difficult tOTsearCI? forsEHdrder betivedifthe recordedl area Hidthbtiff8Sdrad area
when an abnormality occurs. This problem can also be solved where the area is used in the same
direction asihettrackiqath. Imaddition, 4a aiaedium ipwhiahethe pessibility thakaddress-acguisement
results in a failure due to area destruction is very low, all the recording calibration areas A may be
used in the same directign as th]et‘ track pa h. In consixﬁgtion of the re-assi nment of the areas
described i’ Embodiment£ and the like ot the praseht inventioh, arcfﬁ%erec%%iﬁﬁ ‘calibfdtion areas B
in all the recording layers may be used in the same direction (for example, from the inner side toward
the outer sigde)cf0215{New,can éxample of usiagthie recording tabraignh" by which the

physical addresses are assigned from the inner side toward
the outer side in an ascending order (or in a descending

order) in all the recording layers.

(EMRODIMENT 4)

(1) Area arrangement
(02047 FIG. 21 shows an area arrangement of a write once
optical disc including three recording layers according to
Embodiment 4 of the present invention.

[0205] The lead-in zone 13 of the optical disc 1 includes,
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areas A in a restricted manner, i.e., from the recording layer farthest from the laser light incidence side
will be described with reference to FIG. 23. [0216]FIG. 23(A) shows the state of the optical disc 1 of
the write once type on which recording calibration is to be performed now. It is assumed that among
the recording calibration areas A which are restricted regarding the order of use, the recording
calibration area A 60 in the LO layer is being used, an R block (cluster) represents the remaining, i.e.,
usable size of the recording calibration area A 60 in the LO layer, and an L block (cluster) represents
the size usubdly used forcalibration derforrred i tielrmooeding calibratiorr arearal {fot examplo, power
calibration). Herein, the "size usually used for calibration” means the minimum size (number of blocks)

used for the caligrafion,, which; does natinclude a @?‘V% used for.progessing perfgrmed when, »

abnormality occurs, such as re-try processing. [0217]In the case whére the size usually used for the
60 in the L0 layer, a recording calibration area A 61 in the
L1l layer and a recording calibration area A 62 in the LZ
layer) and recording calibration areas B (a recording
calibration area B 70 1in the L0 layer, a recording
calibration area B 71 in the L1 laver, and a recording
calibration area B 72 in the L2 lavyer). The recording
calibration areas A and the recording calibration areas B are
of different types from each other. The recording
calibration areas A (the recording calibration area A 60 in
the LO layer, the recording calibration area A 61 in the LI
layer, and the recording calibration area A 62 in the 1LZ
layer) are located so as to include overlapping parts at the
same radlal position. The recording calibration areas B (The
recording calibration area B 70 1in the LO layer, the
recording calibration area B 71 in the L1 layer, and the
recording calibration area B 72 in the L2 lavyer} are also

located s¢ as to include overlapping parts at the same radial

position. Herein, the "same radial position” may not be the
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recording calibration (the size of the L block) is less (smaller) than, or equal to (the same as), the
remaining size (the size of the R block) of the recording calibration area A which is being used (in the
case of FIG. 23(A), the recording calibration area A 60 in the LO layer), the recording calibration can
be performed in the recording calibration area A of the target layer (in the case of FIG. 23(A), the
recording calibration area A 60 in the LO layer) from the position indicated as the next available start
position. [02181By contrast, as actually shown in FIG. 23(A), in the case where the size usually used
for the recordingecalibeatioh (thessize ofitherl block)ds greaterflarger) themtheremdimng size<(the size
of the R block) of the recording calibration area A which is being used (in the case of FIG. 23(A), the

recording calibrati in,th r, the recardi ibration.can . eted merely
with the rec?%%ﬁgg?aﬁig?agf%l@gr}ga Aﬁc%Fs?hleta%{agrg:renté;gi/lca\%r8 % n fﬁ%sggég{%‘&%é%%’ﬁ&%?%g%gggd%b
calibration area A 60 in the LO layer). In such a case, it is conceivable to first perform
therecordingeafibrationintherecordingoestibrationr hrea Acof the tarjet fayeal(in tHeocase 6EFIGR23(A),
the recording calibration area A 60 in the LO layer) using the usable size and then compensate for the

ShonageVW%HPSJQCQ@"Eh%m¥E@%¥H§%ﬁi&é@gy%?e@hfluences of characteristics
of laser light and the like are regarded as the "same radial
positions”.

(02067 The recording calibration areas A are, like the
power calibration area or the like described in Embodiment 1,
areas where recording calibration may be performed at an
arbitrary recording power with no limitation (hersinafter,
such recording calibration will occasiocnally be referred to
as the "recording calibration A"}. For example, power
calibraticen by which recording is conducted while c¢hanging
the recording power step by step (step-by-step recording) may
he performed.

[0207] The recording calibration areas A are located so as
to include coverlapping parts at the same radial position in
the recording layers, and recording 1s permitted to be
performed at an arbitrary power. Therefore, in the case

where, for example, laser light used for performing recording



available recording layer (in the case of FIG. 23(A), the recording calibration area A 61 in the Li layer).
However, when the recording layer is replaced with another recording layer in the middle of the same
cycle of recording calibration (e.g., power calibration), the difference in the recording characteristics
between the recording layers causes a variance in the calibration results and brings complicated and
difficult issues regarding the calibration time, the method of determination on the calibration results
and the like. In_order to avoid this, the following method shown in FIG. 23(B) is effective: the empty
area (the siz&ofthedt biek) tépresBhted By thelied avaiableistant posithdn thé regdrding e
calibration area A of the recording layer which is being used (in the case of FIG. 23(3), the recording
calibration area A:6Q inythedsQ fayes) is/trepied asan unusablg area; apd:the entirgicalibration,
corresponding to the necessary size (the size of the L block) is performed in the recording calibration
area A of the next available recording layer (in the case of FIG. 23(3), the recording calibration area A
61 in the LI falier) " f0210in 1S 2A8e, the Areiffeft With8lit being Grilised TRdy B& Feéft ifaridridsed
(unrecorded) state or put into a recorded state by recording arbitrary meaningless power data therein.
[0220]It canads® eguthabthe sizes(number of sectoss, .0 numnbes of hlocks)-actualyyysed-fos the
recording calibration becomes larger than the size (the size of the L block) which was recognized as
being necessary before the calibration. For example, re-try may be performed after the recording fails
in the middI& of & processing ofpoter Eafibratiohi” fi-§ith ACade ARcared larger fifin the L Block
may be possibly used by one cycle of calibration. In order to avoid this, a size (number of sectors, or
number of biocks) withiarmaegin caaot the minivaum possibte. size,may beset as the size necessary for
the calibration (the size of the L block). Alternatively, the minimum possible size may be set as the size
necessary for the calibration (the size of the L block); and in the case where the calibration cannot be
completed r%%?elyr\fevﬁﬁ ﬂ%& recor Ej%gﬁérzéﬁgn %Fee;éi ogf{th%};[grgié? Fa%/}éjr“ %Ee;& re%ﬁlt gfe pe%o?%ing
re-try, the recording

sequentially from the recording layer farthest from the side

on which laser light is incident. Namely, in the case of,
for example, the optical disc 1 shown 1in FIG. 21, the
recording layer on the laser light incidence side is the L2
layer, and the recording laver located farthest therefrom 1is
the L0 laver. Therefore, the recording calibration areas A
are segquentially used from the recording calibration area A
60 in the LO layer. When the recording calibration area A 60
in the L0 lavyer is used up, the recording calibration area A
61 in the L1 layer and then the recording calibration area A
62 in the L2 layer are used seguentially. By using the areas
in this manner, the recording calibration layer(s) A in the

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

to the recording calibration area A to be now used is(are)
always in an unused (unrecorded) state. Thus, the influence
of the transmittance variance or the like on the recording
calibration results can be prevented.

[0208] The recording calibration areas B are, like the
strategy calibration area or the like described in Embodiment
1, areas where recording is performed at a recording power
guaranteed to be generally suitable to the optical disc 1,
namely, at a recording power which, when used for performing
recording in an area, provides the area with a transmittance
within a prescribed range to such a degree that does not
spoll the transmittance balance (hereinafter, such recording
will occasionally be referred to as  the "recording
calibration B"). For example, for adjusting the pulse width,
strategy calibration by which recording 1s conducted while
changing the pulse width and fixing the recording power to
the recording power which 1s obtained by the power
calibration and 1is generally suitable to the optical disc 1
may be performed.

T10209] The recording calibration areas B are also located
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FIG. 24 is provided to show information on the recording calibra on like in Embodiment 1, (3) of the
present invention. Therefore, the TOMS 700, which is information recorded at recordable timings, i.e.,
at transitional timings before the finalization, will be described as an example. [0222]In the TDMA, a
TDMS 700 is recorded including disc management information such as a DEL 702 which is information
on defect positions or alternative recording and also a DDS 701 including the position information on

the DEL 702, the position information on the areas of the optical disc and the like.
so as to include overlapping parts at the same radial

positicn in the recording layers, and recording is performed
at a recording power generally suitable to the optical disc 1,
for example, the recording power obtained by the power
calibration. Therefore, even if recording is performed with
laser light which was passed through a recording calibration
area B of another recording layer on which recording was
already performed, it is considered that the current
recording calibration area B 1s not substantially influenced
by the transmittance provided by the recording state of the
another recording layer (the influence can be suppressed to a
negligible level). For this reascon, unlike the recording
calibration areas A, there is no restricticn on the order of
use. Namely, regardless of the state of the recording
calibration area(s) B in the other recording layer{s}, the
recording calibration area B in an arbitrary recording laver
can be used at an arbitrary timing.

(02101 FIG. 21 shows an example in which alil the recording

calibration areas A include overlapping parts at the same

radial position (are located at the same radial position).
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[0223]The DDS 701 includes an identifier 710 indicating that this information is a DDS, DEL position
information 711 indicating the position at which the DEL 702 is recorded, recording calibration area A
next available position information 800 (hereinafter, referred to as the "NAPA 800") which is one piece
of position information representing the next available position (pointer information) provided for all the
recording layers each having the recording calibration area A, LO recording calibration area B next
available position information 801 (hereinafter, referred to as the "LO-NAPB 801") for the LO layer
recording calibrationrarea 8> 20, Lbitredordirmy-eadibration arca Binext availableposition infeimation 802
(hereinafter, referred to as the "Li-NAPB 802") for the LI layer recording calibration area B 71, and L2
recording calipeation;areq Bnext,ayaiableositon informalion 803 (pzeinalte, fefeyedlp as e
"L2-NAPB 803") for the L2 layer recording calibration area B 72. The LO-NAPB 801, the L1-NAPB 802
and the L2-NAPB 803 each represent the next available position in the recording calibration area B in
the correspdiding T686rdirig $ayier (pohftetinformatioRleUniike the dfornatiore for thelrecordihg
calibration areas B, there is only one piece of information for the recording calibration areas A of all the

recording layers eaph haying the recordinge¢alibration area 4, fthereasonyfor fhis is thatthe recording
calibration areas A are restricted to be used sequentially from the recording layer farthest from the
laser light incidence side, and thus it is not necessary that each recording layer holds this information
as the start pEsifiéi ifterntatior J62241Fhé infoffiatiGiE e iitlediR thé TDWMS (DM )18 nbtfiffited to
the DEL 702 which is the disc management information and the DDS 701 including the information on

the position thereof; Specitigally, fapexaraple, the infarmationdpeluded. in-the TONS (BNS) may
include SRRI, which represents the location, or the state of use, of a track (SRR) in the data zone 14
on the optical disc 1, and SBM, which represents the recorded/unrecorded state which is used for

random recérding, B8 $he 8iseTHdR&gerentifformatior it ddditiGt tolthe DIEL 702 1aver may

be located at a different radial positicen from the other
recording calibration areas A in the other recording lavers.
Although the ratio of tThe area for recording calibration
cccupying the lead-in zone 13 {or the lead-cut zons 15} is
slightly 1larger than in the example shown in FIG. 21,
substantially the same effects as those of the example shown
in FIG. 21 can be provided as long as the order of use 1is
restricted 1n the same manner. Like the recording
calibration areas A, even 1if all the recording calibration
areas B do not 1include overlapping parts at the same radial

position, substantially the same effects can be provided.

{2} How to use the areas
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recorded continuously, for the following reason. In the case where, for example, the DEL 702 is
already recorded in the TDMA and does not need to be updated but only the data in the DDS 701
needs to be updated, there may be the case where only the DDS 701 is recorded as DEL position
information 711 which represents the position of the DEL 702 already recorded. [0226]FIG. 25
illustrates the next available position information described with reference to FIG. 24. [0227]In FIG. 25,
the only one NAPA 800 for all the recording layers each having the recording calibration area A points
to a positionliiZhé middlerofthetrecordimg thkbrationcaréay 6 lcinlthe 14 tayensThis indidatesithe
following: the recording calibration area A 60 in the LO layer is all used up (no area of a usable size is

left); regardiggég %ordin aljct))rat'on area A 61 in IE%e LI.Iﬂer hich.is used fram the inner side
toward the outer ggeét g pa?ct)aé&m}iﬁe inner border of the Velcordin%lgecalldbergﬁgﬁ"qg?e%nﬁ'& {0 the position
pointed to by the NAPA 800 has been used; and for performing next calibration using the recording

calibration aded Al & part outer td- theepositionpoiniéd t@by the NAPARIBD0 Rlusalilee arrows

represent the directions in which the recording calibration
areas A and the recording calibration areas B are usad
{recorded) .

[0212] In one recording laver, recording is performed in a
write once manner both in the recording calibration area A
and recording calibration area B (for example, the recording
calibration area A 60 and the recording calibration area B 70
in the LG laver). Namely, the recording calibration area A
and the recording calibration area B are used in a respective
prescribed direction (for example, the recording calibration
area A and the recording calibration area B are both used in
the opposite direction to the track path; in the case of
FIG. 21, the recording calibration area A 60 and recording
calibration area B 70 in the L0 layer are used from the outer
side toward the inner side). As described in (2} How to use
the areas 1in Embodiment 1 of the present invention, the areas

are used in this manner in consideration of the following: at



[0228]The recording calibration area B is not restricted regarding the order of use or the like.FIG. 25
indicates the following: regarding the recording calibration area B 70 in the LO layer and the recording
calibration area B 72 in the L2 layer which are used from the outer side toward the inner side, a part
from the outer border of the recording calibration area B 70 to the position pointed to by the LO-NAPE
801 and a part from the outer border of the recording calibration area B 72 to the position pointed to by
the L2- NAPS 803 have been used; and regarding the recording calibration area B 71 in the Li layer
which is usedfrons thesinnertside tolward the odtey sides a partrfrdrhcthe inhien berdep obthesrteeprding
calibration area B 71 to the position pointed to by the Li-NAPB 802 has been used. [0229]Regarding

the recording calibration areas, B, ag,ihe pumber of recording layers inclyded in,the, otical dise 1

increases or decreases, the number of pieces of information required increases or decreases

accordingly.Regarding the
been done; and sc it 1s not guaranteed that the recording is

performed at an appropriate power, and it may be possible
that the recording is performed at a very high power and as a
result, the frack 11 is destroyed.

(0213] As described above, the recording calibration areas
A are restricted to be used segquentially from the recording
layer farthest from the laser incidence side (from the
deepest recording layer). In the case of, for example, the
optical disc shown in FIG. 21, the recording calibration
areas A are sequentially used from the recording calibration
area A 60 1in the L0 layer farthest from the laser light
lncidence side {(from the deepest recording layer). When the
recording calibration area A 60 is used up, the recording
calibration area A 61 in the L1 layer and the recording
calibration area A 62 in the L2 layer are used sequentially.
[0214] The direction of use of the recording calibration
areas A and the recording calibration areas B in each

recording layer shown in PIG. 21 is merely an example, and
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recording calibration areas A, even if the number of recording layers increases or decreases, the
number of pieces of information required remains one.
[0230]Theabove-describednextavailableposition information is represented by, for example, PBA,
which is position information on the optical disc 1. (4) Recording and reproduction apparatus
[0231]FIG. 26 shows a structure of an optical disc recording and reproduction apparatus 100

according to Embodiment 4 of the present invention, for performing recording to, or reproduction from,
the optical diseel.present invention is not limited to this. FIG. 21 shows

an example in which the recording calibration area A and the
recording calibraticn area B included in the same recording
layer are used in the same direction, i.e., in the opposite
direction to the track path. Alternatively, the direction of
use may be as follows: the recording calibration area A, in
which recording i1s not guaranteed to be performed at an
appropriate recording power, is used in the opposite
direction to the track path; whereas the recording
callbration area B, in which recording is guaranteed to be
performed at a recording power generally suitable to the
optical disc 1, 1is used in the same direction as the track
path. Regarding the recording calibration area A, this works
even when the area 1s destroyed during the power calibration.
Regarding the recording calibratiocn area B, even if recording
results 1in a failure 1in the middle of the strategy
calibration due to a medium defect or the 1like, re-try
processing can be performed in continuation from the previous
recording, for example. In this mannexr, an effect of

improving access performance is provided. In the case where
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[0232]The optical disc recording and reproduction apparatus 100 according to Embodiment 4 of the
present invention is the same as that described in Embodiment 1, (4) of the present invention with
reference to FIG. 9, except for a recording calibration section A 157 and a recording calibration section
B 158 included in the recording calibration section 151.Identical elements as those in FIG. 9 will not be
described again. [0233]The recording calibration section A 157 is a block for controlling recording
calibration performed in the recording calibration areas A (recording calibration A), and controls
recording cdlibeationgerfdrmed && an arbitrary hecordidg power, stck aspower galibrationwith
step-by-step recording.
the recording calibration area B 1is used in the opposite
direction to the track path, a recorded area and an
unrecorded area are both left in the calibration area. This
causes a problem that it is difficult to search fcor a border
between the recorded area and the unrecorded area when an
abnormality occurs. This problem can alsc be solved where
the area 1is used in the same directicon as the track path. In
addition, in a medium in which the possibility that address
acquirement results in a failure due to area destruction is
very low, all the recording calibration areas A may be used
in the same direction as the track path. In congideration of
the re-assignment of the areas described in Embodiment 1 and
the 1like of the present invention, all the recording
calibration areas B in all the recording layers may be used
in the same direction {(for example, from the inner side
toward the outer side).
[0215] Now, an example of using the reccrding calibration

areas A 1in a restricted manner, 1.e., from the recording

layer farthest from the laser light incidence side will be
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[0234]The recording calibration section B 158 is a block for controlling recording calibration performed
in the recording calibration areas B (recording calibration B), and controls recording calibration
performed at a power in the range which is guaranteed to be suitable to the optical disc 1. Such
recording calibration is, for example, strategy calibration of adjusting the pulse width, or margin
checking for performing recording at a power increased or decreased within a range which is
guaranteed to be generally suitable to the optical disc 1 (at a power with which the post-recording
transmittanc@ds withirea préseribedrangayrand thusidoing dine-tuning to find an optimal power. (5)
Recording calibration method [0235]A recording calibration method on the optical disc 1 according to

VEvmtc)ﬁdiment[éﬁ He presentinveatan willbg deseribed. [0236]Fhe recording calibration greas A in
the write once type on which recording calibration is to be
performed nocw. It 1is assumed that among the recording
calibration areas A which are restricted regarding the order
of use, the recording calibration area A 60 in the L0 lavyer
is being used, an R block {(cluster) represents the remaining,
i.e., usable size of the recording calibration area A 60 in
the LC layer, and an L block {cluster) represents the size
usually wused for calibration performed in the recording
calibration area A (for example, power calibration). Herein,
the "size usually used for calibration” means the minimum
size {(number of blocks) used for the calibration, which does
not 1Include a part used for processing performed when
abnormality occurs, such as re-try processing.

[0217] In the case where the size usually used for the
recording calibration (the size of the L block) is less
(smaller) than, or equal to (the same as), the remaining size

{(the size of the R block) of the recording calibration area A

which 1s being used (in the case of FIG. 23(A), the recording
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recording may be performed at an arbitrary recording power are used sequentially from the recording
layer farthest from the laser light incidence side, and power calibration with step-by-step recording of
changing the power step by step may be performed therein. The recording calibration areas A are
located so as to include overlapping parts at the same radial position, and are used sequentially from
the recording layer farthest from the laser light incidence side. Therefore, even if recording is
performed on a recording layer at an excessively high power, this does not influence the recording
calibration reésultslir #He etheraeeesrdidy laifrs.The téasonlis thagivean be duaranteedathadt there is no
recording layer with a recording calibration area A farther (deeper) than the recording layer in which

such recordig @t ap.exessively high poyierds Aedormisd of fhat theJeraring calibalion.areg(s) in

such farther (deeper) recording layer(s) have been already used. [0237]However, for example, power
calibration in the recording calibration area A cannot be performed on all the recording layers at the

same timing? bfcah be peHotmed Bneonly-eie kecoiding: laye s Threretére FtHe reédrifrig power
suitable for the recording layers of the optical disc 1, other than the recording layer in which the power

calibration hasheen:perforned cannot he obtained by ghe; power calibration, [0238]One salufion to
this problem is to use the results of the recording calibration (power calibration) in one recording layer
and a recommended recording power prerecorded in the control area (also referred to as the "physical
managementfifofmation Are"s hEESREWN) IR the tdadiirZone ditthé tedd-olp 2erte- afithe time of disc
production.

[G218)] By contrast, as actually shown in FIG. 23(A), in
the case where the size usually used for the recording
calibration (the size of the L block) is greater (larger)
than the remaining size {(the size of the R block) of the
recording calibration area A which is being used {(in the case
of FIG. 23(A), the recording calibration area A 60 in the L0
layer), the recording calibration cannot be completed merely
with the recording calibration area A of the target laver (in
the case of FIG. 23(A), the racording calibration area A 60
in the L0 layer). In such a case, 1t is conceivable to first
perform the recording calikbration in the recording
calibration area A of the target laver (in the case of
FIG. 23(A), the recording calibration area A 60 in the 1O
layer) wusing the usable size and then compensate for the

shortage with the recording calibration area A of the next
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[0239]The optical disc 1 includes an area called the control area (in the case of a BD, a PIC
(Permanent Information & Control data) area) in which various parameters on the optical disc 1 are
embedded at the time of the production thereof.In this area, information on the recommended
recording power, the recommended strategy or the Like suitable for each recording layer or each
recording speed is embedded. Therefore, if the recording is performed at the recommended recording
power or the recommended strategy embedded in the control area, there should be no need to
perform recarding edlibratios cHowever, thevrecording power orahie reedrdintpul@Sadth stiteable for
actual recording does not necessarily match the recording power or the like embedded in the control

area becausg.of the femperature orhymidity af the gpe of acctHg"yﬂerf%@g%_ recorging an.the optical
|

disc 1, the individual variation of the optical head 120 in the optical disc recording and reproduction
apparatus 100 used for directing the optical laser, dust or stain attached to the optical head 120 or the
optical disc ¥1&nd thedike SEsrfis@éasen Gecording Talibration Suth as poier talibratiorf drstrategy
calibration is performed before the optical disc is actually used by the optical disc recording and

reproduction gpparatus,100; Foweyer as-desgrbedahove, the.objectofthe rpeording.. -4 ng
calibration (e.qg., power calibration), the difference in the
recording characteristics between the recording lavers causes
a variance in the calibration results and brings complicated
and difficult issues regarding the calibration time, the
method of determination on the calibration results and the
like. In order to avoid this, the following method shown in
FIG. 23{(B) is effective: the empty area ({(the size of the R
block) represented by the next available start position in
the recording calibration area A of the recording layer which
is being used (in the case of FIG. 23(B), the recording
calibration area A 60 in the L0 layer) is treated as an
unusable area; and the entire calibration corresponding to
the necessary size (the size of the L block) is performed in
the recording calibration area A of the next avallable
recording layer (in the case of FIG. 23(B}, the recording

calibration area A 61 in the L1 layer).
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calibration is to make the recording power or the recording pulse width suitable to the various
environmental parameters in which the recording is performed, and it is considered that the recording
characteristic of each recording layer is not substantially changed as a result of the recording
calibration. Namely, power calibration is actually performed on one recording layer of the optical disc
1. A difference (change ratio) between the recording power found by the power calibration and the
recommended recording power embedded in the control area of the optical disc 1 is found. The
change ratiol&ad thle recofimentlied recording Powerfor andthétreeording tayéefon whichyowwer
calibration could not be performed are used (for example, multiplied) to obtain, by calculation, the

recording payer sultable ko the,anothet iecording laver for.which powe calibpation coylg.not e
performed. In this manner, a recording power generally suitable to the another recording layer can be
obtained which is substantially equal to the recording power which would be obtained by actual power
calibration pefferhed dnthé another Escordinglayer By Usigitheeacsmingpowecthias obedined, the
strategy calibration, margin checking for fine-tuning the power or like is performed in the recording
calibration areas-B-of the recording layers for which there is a limitation on the recording power but
there is no restriction on the order of use. In this manner, the recording parameter such as the
recording power or the recording pulse width (recording strategy) suitable to the recording layers other
than the recorting fayer ohfwisigk tie BEweF Editbratién has bedn Rtudiypetformedsf the Féoording
calibration area A can be confirmed. [0240]The above-described method will be described with

reference tothe flowebart shewn in Fi127. [0241]$ten 2701 dafprmatien negessary.fos the xgcording

calibration becomes larger than the size (the size of the L
block) which was recognized as being necessary before the
calibration. For example, re-try may be performed after the
recording fails in the middle of the processing of power
calibration. In such a case, an area larger than the L block
may be possibly used by one cycle of calibration. In order
to aveid this, a size {number of sectors, or number of
blocks) with a margin, not the minimum possible size, may be
set as the size necessary for the calibration (the size of
the L block). Alternatively, the minimum pessible size may
e set as the size necessary for the calibration (the size of
the L block); and in the case where the calibration cannot be

completed merely with the recording calibration area A of the

target layer as a result of performing re-try, the recording



calibration is obtained.Specifically, the reproduction control section 156 of the system control section
150 reads the latest DDS 701 included in the latest DMS 700 from the TDMA of the optical disc 1 onto
the memory 170 and also reads physical management information (information such as SIC or the
like) from the control area onto the memory 170. In the case where the results of the calibration
performed in the past by the optical disc recording and reproduction apparatus 100 (calibration
history) are left in a drive inherent information area (also referred to as a "drive area") or the like of the
optical disc Tavhiél isttherresorsling calisration rardet! thig infdrenation is dlso ¥ead :Basethon.the latest
DDS 701 read, the access position management section 154 obtains the NAPA 800, which is

information og the next,avalable pasition.in the recording calibration.area A, and informatign;on the

next available position in the recording calibration area B of each recording layer (LO-NAPB 801,
LINAPB 802, L2-NAPB 803). Based on the physical management information, the recording calibration
section 151 bBtaifs tHerecdrding parameters suitable to the conditions of the recording calibration to
be performed (for example, information such as the recommended recording power corresponding to
the recording speed of the recording calibration to be performed on the recording layer which includes
the position pointed to by the NAPA 800). The "latest" DDS 701 means the DOS 701 included in the
latest of the DMS's 700 included in the TDMA, in which the transitional management information is
updated. [0242]Step' 2707 Recording Calibratioh % (ef bxampfe: the OPC areas

(02217 FIG. 24 shows an example of information regarding
the recording calibration areas A and the recording
calibration areas B in a write once optical disc. Here, the
area arrangement of the optical disc 1 shown in FIG. 21 will
be described as an example. FIG. 24 is provided to show
information con the recording calibration like in Embodiment 1,
(3) of the present invention. Therefore, the TDMS 700, which
is information recorded at recordable timings, 1i.e., at
transitional timings before the finalization, will he
described as an example.

[0222] In the TDMA, a TDMS 700 is recorded including disc
management information such as & DFL 702 which 1is information
on defect positions or alternative recording and alsc a DDS
701 including the positicon information on the DFL 702, the

position information on the areas of the optical disc and the



power calibration) is performed in the recording calibration area A. Specifically, the access position
management section 154 confirms the start position of the power calibration based on the position
pointed to by the NAPA 800 in the recording calibration area A of a recording layer Ln (n is the layer
number and a positive number of O or greater) (for example, in the case of FIG. 25, the NAPA 800
points to a position in the recording layer Li, and so n is 1 and the recording calibration area A is the
recording calibration area A 61 in the recording layer L1). The recording calibration section A 157
determines theHaser radiation power suitable to the target recording layer, the recording speed and the
like (for example, a plurality of patterns of laser power for performing step-by-step recording) and sets
the laser radﬂ_%tanB ower ip.the Jaser Mrolﬁgggp&yoar{ he (ﬁggoﬁrg@e%all?%lon gg%t oNA; 5_7 also
sets a prescribed strategy (for example, the strategy described in the contro area} in the recording
compensation circuit 140. Furthermore, the recording calibration section A 157 moves the optical
head 120 usifig thetréghamiéalcontroPsectivn 16016 thé Btartpusiticrrof the fpowertcafibralibh
calculated by the access control section 154, and performs the recording. Based on the recording
quality of the recorded area,(for example; the medulation,degree of BER)gthe recording calibration
section A 157 finds an optimal recording power (for example, a power, among the plurality of patterns
of laser power, at which the modulation degree is closest to the expected value). Then, the recording
calibration ségfisi AB7 updatesthe réedrding cafibrafion dte& A next avaifdble posiiont t iféFmation
(NAPA) 800, among the data corresponding to the DDS 701 in the memory 170, by the part used for
the power calipratien.{0243]Asclessribed ahove. in Embodiment 4, £2)-0f the, presentinvgptien with
reference to FIG. 23, the power calibration is not necessarily performed in the recording calibration
area A of the recording layer pointed to by the NAPA 800 depending on the usable size of the
recording c&fi%?ﬁ%nja?eﬁﬁ%fwF&oﬂ%ng"f&?é?lb(ii%telﬁgod?%%lRI%\PJA%S@M”19 the

next available positicn (peinter information) provided for
all the recording layers each having the recording
calibration area A, LO recording calibration area B next
available position information 801 {(hereinafter, referred to
as the "LO-NAPB 801") for the L0 layer recording calibration
area B 70, L1 recording calibration area B next avallable
position information 802 (hereinafter, referred to as the
"L1-NAPB 802") for the L1 layer recording calibration area B
71, and LZ recording calibration area B next availlable
position information 803 (hereinafter, referred to as the
"LZ-NAPB 803") for the L2 layer recording calibration area B
T2. The LO-NAPB 801, the L1-NAPB 802 and the LZ-NAPB 803

each represent the next available positicn in the recording
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[0244]If the recording for power calibration results in a failure, the access position may by found again
by the access position management section 154 based on the position at which the failed recording
was performed, and step 2702 may be performed again as a retry. [0245]Step 2703: The power
change ratio is calculated. Specifically, the recording calibration section 151 stores, in the memory
170, a power change ratio 2700 obtained from the recommended recording power (referred to as Pwi)
for the recording layer Ln, which is read from the control area into the memory 170, and the optimal
recording poweri(befefrédto asrPwo) Fouridiin $tep 27024t powei hange Fatiod2 760 is) 4areexample,
Pwo/Pwi). In the case where the power change ratio 2700 is not within a prescribed range (for

example, in the.range;of 95%10,100%), the found,ppwer may, be determined ngtto e suitable to the

optical disc 1 and the processing may be re-executed from step 2702 as a re-try. [0246]The power

change ratio 2700 does not need to be a value obtained by dividing Pwo by Pwi, and may be any
value recording calibration areas B, there is only one piece of

information for the recording calibration areas A of all the
recording layers each having the recording calibration area A.
The reascn for this is that the recording calibration areas A
are restricted to be used sequentially from the recording
layer farthest from the laser light incidence side, and thus
it 1s not necessary that each recording layer holds this
information as the start position information.

224} The information included in the TDMS (DMS) is not
limited to the DFL 702 which is the disc management
informaticon and the DDS 701 including the information on the
position thereof. Specifically, for example, the information
included in the TDMS (DMS) may include SRRI, which represents
the locaticn, or the state of use, of a track (SRR} in the
data zone 14 on the optical disc 1, and SBM, which represents
the recorded/unrecorded state which 1is used for randonm
recording, as the disc management information in addition to

the DFL 702.
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which represents the power change ratio. [0247]Step 2704: Recording calibration B is performed in the
recording calibration area B in the recording layer Ln on which calibration was performed using the
recording calibration area A (the recording calibration B is strategy calibration, margin checking, etc.;
hereinafter, it is assumed that strategy calibration is performed as the recording calibration B).
Specifically, the access position management section 154 confirms the start position of the strategy
calibration based on the position pointed to by the Ln-NAPB, which is the next available position
information oW th&orecordifig ealibFatiod GeaaB.dn theaecobding By erslbreomwhich thesealioration was
performed in step 2702 using the recording calibration area A (for example, in the case where the
NAPA 800 is.as shawn i FIG g2, [he-Ln-NAPB Léh%-%%o%?d&gégv%hagég? nexjavaliable position
information on the recording calibration-area B 71 in the recording layer LI on which the recorcﬁng
calibration A (power calibration) was performed). The recording calibration section B 158 sets the
optimal recording power, fourtebp e power cBiibrafféiZinistep 2762¢in the fasededntiol sebtion
130.The recording calibration section B 158 also sets a strategy (for example, a plurality of patterns of
strateqgy) in thevgcarding,campepsation.airauit 140. Fugthermorg, the recording calipratign segtion B
158 moves the optical head 120 using the mechanical control section 160 to the start position of the
strategy calibration calculated by the access control section 154, and performs the recording. Based

on the recortling qiftity 6FtHe reeofied-drda (ot exafifple, the mbdulaticn Bégree drBERY the

recording calibration section B 158 finds an optimal recording strategy (for example, a strategy, among

the plurality of patteras-f strategy-conditions, at whichthe iphase errardssmallgst) 7ihen, they,
recording calibration section B 158 updates the Ln recording calibration area B next available position
information (in the case where nis 1 (in the case of the recording layer Li), Li-NAPB 802), among the
data correspdiidfifgitrthe DBS #025ihtheéhholy ' £70) By theDatt tssd tor BR€ Siraedy calibration.

[0248] If the recording for strategy calibration results in a failure, the access position may be found
again by the[ 02261 FIG. 25 illustrates the next available position

information described with reference to FIG. 24.

[0227] In FIG. 25, the only one NAPA 800 for ail the
recording layers each having the recording calibration area A
points to a position in the middle of the recording
calibration area A 61 in the L1 laver. This dindicates the
following: the recording calibration area A 60 in the LO
layer 1s all used up (no area of a usable size 1is left);
regarding the recording calibration area A2 61 in the L1 layer
which is used from the inner szide toward the cuter side, a
part from the inner border of the recording calibration area
A 61 to the position pointed to by the NAPA 800 has been

used; and for performing next calibration using the recording
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access position management section 154 based on the position at which the failed recording was
performed, and step 2704 may be performed again as a retry. [02491Step 2705: Processing from
steps 2706 through 2707 (recording calibration processing in the recording calibration area B)
described later is repeated for all the recording layers Lm except for the recording layer on which the
recording calibration B was performed in step 2704 (except for the recording layer Ln) (m is the layer
number and is a positive number of O or greater which fulfills n # m). For example, in the case of the
optical disc T#ltherstatecshowrein FiG. 25 rthe tecording catibratien Aqpower calibraticrdusing the
recording calibration area A is performed on the recording layer 5 (L1 layer), and so the recording
calibration Bblg steR, 2494 is 3lsg plggfo&@gglog_ the LI layer. Therefore, the processing from steps 2706
through 2707'1s repeated on the recording layer 3 (LO layer) and the recording layer 7 (L2 layer) other
than the recording layer 5 (1,1 layer). [0250]Step 2706: An optimal recording power for the recording
layer Lm is foliRd Shecifically the fscotding cadibrationtseetion 154 niultislies dte pewer chdmge ratio
2700 calculated by step 2703 and the recommended recording power for the recording layer Lm which

is read from fhe coptral area into,the.memery, 170 tg find the optimal regerdingpowey, for the recording

layer Lm (precisely, the recording power is generally suitable to the recording layer Lm because such

a power is found by calculation).
the follewing: regarding the recording calibration area B 70

in the LO layer and the recording calibration area B 72 in
the L2 laver which are used from the outer side toward the
inner side, a part from the outer border of the recording
calibration area B 70 to the position pcinted to by the LO-
NAPB 801 and a part from the outer border of the recording
calibration area B 72 to the position pointsd to by the L2-
NAPB 803 have been wused; and regarding the recording
calibration area B 71 in the L1 layer which is used from the
inner side tToward the outer side, a part from the inner
border of the recording calibration area B 71 to the position
pointed to by the L1-NAPB 802 has been used.

roz29] Regarding the recording calibration areas B, as the
number of recording layers included in the optical disc 1
increases or decreases, the number of pieces of information

required increases or decreases accordingly, Regarding the
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[0251]Step 2707:Recording calibration B(strategy calibration, margin checking, etc.; hereinafter, it is
assumed that strategy calibration is performed as the recording calibration B) is performed on the
recording layer Lm. Specifically, the access position management section 154 confirms the start
position of the strategy calibration based on the position pointed to by the Lm-NAPB, which is the next
available position information on the recording calibration area B in the recording layer Lm (for
example, in the case where m is O (in the case of the recording layer LO), LO-NAPB 801, which is the
next availabkegssitidm informsationter thetrecording calfbraticrvarea B 70). Tihe recordisg-calibfation
section B 158 sets the optimal recording power, found in step 2706, in the laser control section 130.

The recording, calibration sectionB 1,58,alsq sets g sirategy (for example. 4, plurality pf patierns of

strategy) in the recordinig compensation circuit 140. Furthermore, the recording calibrafion section B
158 moves the optical head 120 using the mechanical control section 160 to the start position of the
strategy calibfatioh‘calédlatedl by the dcceds EonfrélSectivn -154, and performs the recording. Based
on the recording quality of the recorded area (for example, the modulation degree or BER), the

recording calipsafion sectipnB 158 {inds an-optimalecording,strategy (for example, a.strategy, among
the plurality of patterns of strategy conditions, at which the phase error is smallest). Then, the

recording calibration section B 158 updates the Lm recording calibration area B next available position
information (iRt thé8ase Aherkm K HR HE E&Se Sfithe reebdrdmigafer-0)F BO-NAPE 801) 8mong
the data corresponding to the DOS 701 in the memory 170, by the part used for the strategy

calibration. [9252] if the recosdingdorstrategy calibration resuyjtss dn-a failure, the access position may
be found again by the access position management section 154 based on the position at which the

failed recording was performed, and step 2707 may be performed again as a retry. [0253]Step 2708:
The processing from steps 2706 through

{4) Recording and reprcduction apparatus

(02311 FIG. 26 shows a structure of an optical disc
recording and reproduction apparatus 100 according to
Embodiment 4 of the present invention, for performing
recording to, or reproducticn from, the optical disc 1.

[0232] The cptical disc recording and reproduction
apparatus 100 according to Embodiment 4 of the present
invention is the same as that described in Embodiment 1, (4)
of the present invention with reference to FIG. 9, except for
a recording calibration section A 187 and a recording
calibratien section B 158 included 1n the recording
calibration section 151. Identical elements as those 1in

FIG. 9 will not be described again.
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2707 described above is repeated for all the recording layers Lm except for the recording layer In on
which the recording calibration B was performed in step 2704. When there is a recording layer on
which recording calibration has not been finished, the processing returns to step 2705. When
recording calibration has been finished on all the recording layers except for the recording layer on
which calibration was performed in the recording calibration area A in step 2704, the processing
advances to step 2709. [0254]Step 2709: When the recording calibration is finished, the latest
managementiaférmation Sy corded(@ie thapagément irfornsationiisupdatkdito iive Matestock
management information) in the TDMA. Specifically, the system control section 150 uses the recording

control sectipp 1559 recorddatg, 005@589@9&@% to .S Ineluding the pew pext avajlable osition
information updated in steps 2702, 2704 and 2707 and stored in the memory 170, in the TDMA as the

new TDMS 700 in a write once manner. At this timing (in actuality, before the TDMA (DDS 701) is
updated, be€&Gse the'BDSTA0LiReutes the pointet infornatich repraseritingahé Postion fromwhich

the drive area was used), the results of the calibration (calibration history) performed by the optical

disc recording, and seproduction appgratus 100,may be recarded;indbe drive inherent information area
(also referred to as a "drive area") of the optical disc 1 as the recording calibration target when

necessary. [0255]The management information does not need to be updated after the recording
calibration, &% Y B up@ated anyiirie baforB IE bpfical Hiseat iscdisehdrged frdRT the GitRial disc

recording and reproduction apparatus 100.
recording.

[0234] The recording calibration section B 158 is a block
for controlling recording calibration performed in the
recording calibration areas B (recording calibration B), and
controls recording calibration performed at a power in the
range which 1s guaranteed to be suitable fo the optical disc
1. Such recording calibration i1s, for example, strategy
calibration of adjusting the pulse width, or margin checking
for performing recording at a power Iincreased or decreased
within a range which 1is guaranteed to be generally suitable
to the optical disc 1 (at a power with which the post-

recording transmittance 1s within a prescribed range) and

thus doing fine-tuning to find an optimal power.

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

[0235] A recording calibration method on the optical disc
1 according to Embodiment 4 of the present invention will be
described.

[0236] The recording calibration areas A 1in  which
recording may be performed at an arbitrary recording power
are used sequentially from the recording layer farthest from
the laser light incidence side, and power calibration with
step-by-step recording of changing the power step by step may
be performed therein. The reccording calibration areas A are
located so as to include overlapping parts at the same radial
position, and are used sequentially from the recording layer
farthest from tThe laszser light incidence side. Therefore,
even 1f recording 1is performed on a recording layer at an
excessively high power, this deces not influence the recording
calibration results 1in the other recording lavers. The
reason is that 1t can be guaranteed that there 1s no
recording layer with a recording calibraticn area A farther
{(deeper) than the recording layer in which such recording at
an excessively high power 1s performed or that the recording

calibration area/(s) in such farther {deeper) recording



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

therecording@?ﬂbﬁaﬁon%S%@emerefor example, power calibraticn in the

recording calibraticon area & cannot be performed cn all the
recording lavers at the same timing, but can be performed on
only one recording layer. Therefore, the recording power
suitable for the recording layers of the optical disc 1,
other than the recording layer in which the power calibration
has been performed, cannot  be  obtained by the power
calibration.

[0238] One solution to this problem is to use the results
cf the recording calibration (power c¢alibration) in one
recording layer and a recommended recording power pre-
recorded 1n the control area {(alsc referred to as the
"physical management informaticn area”; not shown) in the

iead-in zZone or the lead-out zone at the time of disc

production.
[0239] The optical disc 1 includes an area ¢alled the
control area {(in the «case o¢f a BD, a PIC ({(Permanent

Information & Control data) area) in which wvarious parameters

on the optical disc 1 are embedded at the time of the

144



is a restriction that the recording needs to be performed at a recording power generally suitable to the
optical disc 1. Therefore, the recording calibration areas B need to be used after the recording
calibration A (power calibration) is performed in the recording calibration area A at the earliest. In fact,
the system control section 150 controls the recording calibration section 151 (the recording calibration
section A 157 and the recording calibration section B 158) for performing the calibration in these
areas, regarding the order of recording calibration. [0259]In the above description given with reference
to FIG. 27, the &y5tehd ebntrélhseetion 150 is Explaitedsas pefarmingthe ¥otaléonitrol ot the Fecording
calibration including the procedure of the series of processing, and the recording calibration section

151 (the recording galibration seetion: AL 57 And therecording calibration sectign B,158),is explained

as performing an individual calibration operation in the recording calibration, such as power calibration,
the strategy calibration or the like. Needless to say, the same effect is provided by means for realizing
the processihg{functiohsiebfrespordirid t'the” d66veldescribéd Steps Nafely! theTeesriiig
calibration section 151 may perform the total control of the recording calibration, or one means may

realize a plusality of steps{functians). [@260]lnrsten 2705, theprogessing isyepseated.onthe-q
a2t the recommended recording power or the recommended
strategy embedded in the control area, there should be no
need to perform recording calibration. However, the
recording power or the recording pulse width suitable for
actual recording does not necessarily match the recording
wower or the like embedded in the control area because of the
Temperature or humidity at the time of actually performing
recording on the optical disc 1, the individual wvariation of
the optical head 120 in the optical disc recording and
reproduction apparatus - 100 used for directing the optical
laser, dust or stain attached to the optical head 120 or the
coptical disc 1, and the like. For this reason, recording
calibration such as power calibration or strategy calibration
is perfcocrmed before the optical disc 1s actually used by the
optical disc recording and reproduction apparatus 100.

However, as described above, the object of the recording
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recording layers Lm (m is the layer number and is a positive number of O or greater which fulfills n #
m). Alternatively, the processing may be performed on all the recording layers including the layer of n
= m.In this case, step 2704 of performing the calibration using the recording calibration area B in the
recording layer Ln on which the recording calibration A was performed may be eliminated, and the
processing in steps 2706 and 2707 may be performed in common on all the recording layers including
the layer of n = m. [0261]For example, in the case where the results of the calibration performed in the
past by the opticat disciretordingtandireproductior: apparaiusy1 0d{slibrationtistoryy aee feftin a drive
inherent information area (also referred to as a "drive area") or the like of the optical disc 1 which is the

recording calibration farget, the strateqy left in the caliprafion history mayhe-used.ag the.initial value of

the strategy for the power calibration in step 2702. Alternatively, in the case where the calibration

history is left, the processing may be controlled such that
in which the reccording is performed, and it i1s considered

that the recording characteristic of each recording laver is
not  substantially changed as a result of tfThe racording
calibration. Namely, power calibration is actually performed
on cone recording layer of the optical disc 1. A difference
{change ratio) between the recording power found by the power
calibration and the recommended reccording power embedded in
the control area of the optical disc 1 is found. The change
ratio and the recommended recording power for another
recording layer for which power calibration coculd not be
performed are used {for example, multiplied) to obtaln, by
calculation, the recording power sultable for the ancther
recording layer for which power calibration could not be
performead, In this manner, a recording power generally
suitable to the another recording layesr can be obtained which
1s substantially egual tTo the recording power which would be
obtalned by actual power calibration performed on the another

recording layer. By using the recording power thus chtained,
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step 2704 of performing recording calibration B (strategy calibration, etc.) on the recording layer on
which the recording calibration (power calibration) was performed using the recording calibration area
A is not executed, or such that steps 2704 and 2707 regarding the recording calibration B are not
performed on all the recording layers.Still alternatively, information corresponding to the power change
ratio 2700 found in the past or information regarding the same(for example,temperature information
when the calibration was performed in the past) may be left in the calibration history. In the case where
the conditioris6f theciirrent recordingcalibrationsfulfillthe ltonditions fefrinftheatibration histery, the
recording calibration A in the recording calibration area A in step 2702 may be skipped. [0262]In step

Emfi;rﬁi{en%%%gg%%ﬁ%%nr ggsrgg%%%%gcﬁmﬁ' theJecarding; laysrs. €xcgpr fQrithg regarding layer
B of the recording layers for which there is a limitation on
the recording power but there is no restriction on the order
of use. 1In this manner, the recording parameter such as the
recording power or the recording pulse width (recording
strategy) suitable tc the recording layers other than the
recording layer on which the power calibration has been
actually performed in the recording calibration area A can be
confirmed.

102407 The above-described method will be described with
reference to the flowchart shown in FIG, 27.

[0241] Step 2701: Information necessary for the recording
calibraticon i1is obtained. Specifically, the reproduction
control section 156 of the system control secticn 150 reads
the latest DDE 701 included in the latest DMS 700 from the
TDMA of the optical disc 1 onto the memory 170 and alsc reads
physical management information {information such as PIC or

the iike) from the control area onto the memory 170. In the

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

recording cafipeation area B in the targatregarding layer becpmes: short of gn empty area for the new

calibration (at the time when the recording calibration area B is used up), recording on the optical disc
1 (precisely, at least the target recording layer) is prohibited because new calibration cannot be
performed théréoiranyhiore 3[0264] ok exarmple i e taseawhére tHe Fesulsisfahie or the

like cf the optical disc 1 which 1s the recording calibration
target, this information is alsc read. Based on the latest
DCS 701 read, the access position management section 154
obtains the NAPA 800, which is information on the next
avallable position in the recording calibration area A, and
information on the next availakle position in the recording
calibration area B of each recording layer {L{-NAPB 801, L1-
NAPB 802, L2-NAPE B803). Based on the physical management
informaticn, the recording calibration sgecticn 151 obtains
the recording parameters suitable to the conditions of the
recording calibration to  be performed {for example,
information such as the recommended recording power
corresponding to the recording speed of the recording
calibration to be performed on the recording layer which
includes the position pointed to by the NAPA 800). The
"latest™ DRSS 701 means the DDS 701 included in the latest of

the DMS's 700 included in the TDMA, 1in which the transitional
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calibration performed in the past on the target recording layer by the optical disc recording and
reproduction apparatus 100 (calibration history) are left in a drive inherent information area (also
referred to as a "drive area") or the like of the optical disc 1, namely, the history information is used for
the calibration, recording on the optical disc 1 is not necessarily prohibited in the following case as
long as the recording calibration area B has a usable area: for example, in the case where the
recording power for the target recording layer is adjustable by the recording calibration in the recording
calibration area:Bgeng:in the vhere the recordimgdgower.for the target recording layer is guaranteed
as being suitable. [0265]In Embodiment 4 of the present invention, a write once optical disc is
described a mple. stantially th idea may-be applied to a rewritable optical disc.
Substantiall;s/[ tet?e%(a?me effse%ctté a?ﬁe@%fibe%gag%%lga b@ér%%ﬁd%%ﬁﬁ?he%ollg\%rvﬁg ceo}?lgl o%n&?sf The
recording layers each have a recording calibration area A and a recording B; the recording calibration
areas A are psed fronntheoreecdiding layer faethestfrom the lases lightincidence sideiffarz example,
from the recording calibration area A 60 in the LO layer); such a restriction is provided that when the
recording calipgation area 4 In the recording layer, is determine;nat fo he usable. due to cycle .
deterioration or the like, the recording calibration area A in the next recording layer {for example, the
recording calibration area A 61 in the LI layer) should be used; and recording in the recording
calibration at€ds B ig'Petdtfed aa ré€arding Powet geherally stitablewythe optidalidisctL.dn the
case of a rewritable optical disc, the recording calibration areas are also rewritable. Therefore,
recording calibration may beperormed ahany position in. the recording galibratign greaFor this
reason, a rewritable optical disc does not need to keep the next available position information (NAPA
800, LONAPB 801, etc.), but needs to keep the position information on the next available recording
calibration af&& AHPhYSicalHetiress: tetordif§dayer AbmBer: 869)%A brder 6 Y&stridtthe! Brdéfof use
or the recording calibration areas A.

the layer number and a positive number of 0 or greater) (for
example, in the case cof FIG. 25, the NAPA 800 points to a
position in the recording layer L1, and so n is 1 and the
recording calibration area A 1s the recording calibration
arza A 61 1in the recording layer L1). The recording
calibration section A 157 determines the laser radiation
power sultable to the target recording layer, the recording
speed and the like (for example, a plurality of patterns of
laser power Zfor performing step-by-step recording) and sets
the laser radiation power in the laser control section 130.
The recording calibration section A 157 also sets a
prescribed strategy (for example, the strategy described in

the control area} in the recording compensation circuit 140.
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(EMBODIMENT 5) <Main parameters> [0266]Examples of the recording mediums to which the
present invention is applicable include Blu-ray disc (BD) and optical discs of other formats. Hereinafter,
BDs will be described. There are the following types of BD in accordance with the characteristics of the
recording layers: reproduction-only BD-ROM, write once BD-R, rewritable BD-RE and the like. The
present invention is applicable to any of the R (write once) type and the RE (rewritable type) of BDs
and other format recording mediums. The main optical constants and physical formats of the Blu-ray
disc are disdlosedhinrtifustratet Blu-raycDist Reader'(Blu-ay. Bandbook) publishedbBy @hmsha, Ltd.
or the white papers put on the web site of the Blu-ray Association (http://www.bluraydisc.com/).

[0267]For the BD Iaser lighthaying 3 wayelength gt about 405, n. J_(W%%et eﬂ%%@ﬁ’l?o%”%‘i?‘“ge s

5 nm with respect to the standard value of 405'nm, 400 to 410 nm) and an objective lens having a

numerical value (NA) of about 0.85 (where the tolerable error range is 0.01 nm with respect to
to the start position of the power calibration calculated by

the access contrgel section 154, and performs the recording.
Based on the recording gquality of the recorded area {(for
example, the modulation degree or BER), the recording
calibration section A 187 finde an optimal recording power
(for example, a power, amcng the plurality of patterns of
laser power, at which the modulation degree is closest to the
expected value). Then, the recording calibration section A
157 updates the recording calibration area A next available
pesition information (NAPA) 800, among the data corresponding
To the DDS 701 in the memory 170, by the part used for the
power calibration.

(02437 As described zbove 1in Embodiment 4, (2) of the
present invention with reference to FIG. 23, the power
calibration 1s not necessarily performed in the recording
calibration area A of the recording laver pointed to by the
NAPA 800 depending on the usable size of the recording

calibration area A of the recording layer pointed to by the
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track pitch of the BD is about 0.32 pm (where the tolerable error range is 0.010 pm with respect to the
standard value of 0.320 pm, 0.310 to 0.330 pm), and one or two recording layers are provided. One or
two recording layers each having a recording surface are provided on the side on which the laser light
is incident. The distance from the surface of a protective layer of the BD to the recording surface is 75
pm to 100 pm. [0268]As the modulation system for a recording signal, 17PP modulation is used. The
length of the shortest mark to be recorded (2T mark; T is a cycle of the reference clock (the reference
cycle of modiatiorsifhe case where a mark is recorded by a prescribed modulation rule)) is 0.149
pm (or 0.138 pm) (channel bit length T is 74.50 nm (or 69.00 nm)). The recording capacity is 25 GB (or

27 GB) (morg.py Eﬁife'.y’ 2?1%58?%23%24986%%“85%896 é@f&%%?%%"é%edr%%8§ESS“%'L%' or 50 GB
(or 54 GB) (more precisely, 50.050 or 54.04 )y'where two layers aré provided on one side.
[0269]The channel clock frequency is 66 MHz (channel bit rate: 66.000 Mbits/s) at the standard
transfer ratef(8Dlxy,s264- MH Zclvarme| bitvatet 2641000 Mbits/shatithedxin by the access
position management section 154 based on the position at
which the failed recording was performed, and step 2702 may
be performed again as a retry.
[0245] Step 2703: The power change ratio i1s calculated.
Specifically, the recording calibration section 151 stores,
in the memcry 170, a power change ratio 2700 obtained from
the recommended recording power (referred to as Pwi) for the
recording layer Ln, which is read from the control area into
the memory 170, and the optimal recording power (referred tc
as Pwo) found in step 2702 (the power change ratio 2700 is,
for example, Pwo/Pwi). In the case where the power change
ratic 2700 is not within a prescribed range {(for example, in
the range of 95% to 100%), the found power may be determined
not to be suitable to the optical disc 1 and the processing
may be re-executed from step 2702 as a re-try.

[0Z246] The power change ratio 2700 does not need to be a

value obtained by dividing Pwo by Pwi, and may be any value
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transfer rate (BD4x), 396 MHz (channel bit rate: 396.000 Mbits/s) at the 6x transfer rate (BO6x) rate,
and 528 MHz (channel bit rate: 528.000 Mbits/s) at the 8x transfer rate (BD8x). [0270]The standard
linear velocity (reference linear velocity, Ix) is 4.917 m/sec. (or 4.554 m/sec.).The linear velocity at 2x,
4x, 6x and 8x is respectively 9.834 m/sec., 19.668 m/sec., 29.502 m/sec., and 39.336 m/sec.A linear
velocity higher than the reference liner velocity is generally a positive integral multiple of the reference
liner velocity, but is not limited to an integral multiple and may be a positive real number multiple of the
reference lingr velocitgeAdineat velocity fowwer thah thesreferehee liner velocity, such as 0.5 times
(0.5x), may also be defined. [02711The above description is regarding BDs already developed into

commercial 2

Fodugts, whigh inelude,gne layer ortwo.layens; and haye ageqarding capagity petlayer of,

mainly, about 25 GB (or about 27 GB). For realizing a higher

the recording calibration area B in the recording layer Ln on

which calibration was performed using the recording

calibraticon area A (the recording calibration B 1is strategy

calibration, margin c¢hecking, etc.; hereinafter, it 1s

assumed that strategy calibration 1s performed as the

recording calibration B). Specifically, the access position

management section 154 confirms the start position of the

strateqgy calibration based on the position pointed to by the

Ln-NAPB, which is the next available position information on

the recording calibration area B in the recording layer Ln on

which the calibration was performed in step 2702 using the

recording calibration area A {for example, 1n the case where

the NAPA 800 is as shown in FIG. 25, fthe In-NAPB is L1-NAPBR

802, which is the next available position information on the

recording calibration area B 71 in the recording layer L1 on

which the recording calibration A (power calibration) was

performed). The recording calibration section B 158 sets the

optimal recording power, found by the power calibration in

152



capacity, a high density BD having a recording capacity per layer of about 32 GB or about 33.4 GB
and a BD including three or four layers are also under research, and these BDs will also be described
below. <Modulation> [0272]Now, the modulation system of the recording signal will be briefly
described. [0273]For recording data (original source data/pre- modulation binary data) on a recording
medium, the data is divided into parts of a prescribed size, and the data divided into parts of the
prescribed size is further divided into frames of a prescribed length. For each frame, a prescribed
sync. code/syrehroaiZation £0dé& sredmsds insefted (framesyntcarehPirhe déita divideeriftothe
frames is recorded as a data code stream modulated in accordance with a prescribed modulation rule

matching the seqdingirspraduction signah gharagtedstc.etthg regarding medivy. (fame data area).
a plurality of patterns of strategy) in the recording
compensation circuit 140, Furthermore, the recording
calibration secticen B 158 moves the optical head 120 using
the mechanical control section 160 to the start position of
- the strategy calibration calculated by the access control
section 154, and performs the recording. Based on the
recording gquality of the recorded area (for example, the
modulation degree or BER), the recording calibration section
B 158 finds an optimal recording strategy (for example, &
strategy, among the plurality of patterns of strategy
conditions, at which the phase error isg smallest). Then, the
recording calibration section B 158 updates the Ln recording
calibration area B next available position information (in
the case where n is 1 (in the case of the recording layer L1},
LI-NAPB 802}, among the data corresponding to the DDS 701 in
the memory 170, by the part used for the strategy calibration.
[0248] If the recording for strategy calibration results

in a failure, the access position may be found again by the



[0274]The modulation rule may be, for example, an RLL (Run Length Limited) coding system by which
the mark length is limited. The notation "PLL(d,k)" means that the number of O's appearing between
1 and 1 is d at the minimum and k at the maximum (d and k are natural numbers fulfilling d < k). For
example when d 1 and k - 7, where T is the reference cycle of modulation, the length of the mark or
space is 2T at the shortest and 8T at the longest. Alternatively, the modulation rule may be 1-7PP
modulation, in which the following features [1] and [2] are added to the PLL(1,7) modulation. "PP" of
1-7PP is an abbreviationsefParity presepve/PrdhibitRépeatedMihimamddansitiontengths 1[1] tParity
preserve" represented by the first "P" means that whether the number of I's of the pre-modulation

Source data pits R4 pUTe OAn SYERDATRE 2. PRIV DRIGhES Wielher g Tuber of s
of the corresponding post-modulation bit pattern is ah odd number or an even number.” [2] "prohibit
Repeated Minimum Transition Length" represented by the second "P" means a mechanism for limiting
the number BRtimes the shortesttmarksiandspacessdre Yepeated on the post-modulation recording

wave (specifically, a mechanism for limning the number of times 2T is repeated to 6).
[0249] Step 2705: Processing from steps 2706 through 2707

(recording calibration processing in the recording
calibration area B) described later is repeated for all the
recording layers ILm except for the recording layer on which
the recording calibration B was performed in step 2704
(except for the recording layer Ln) (m is the layer number
and is a positive number of 0 or greater which fulfilis n =
m) . For example, 1in the case of the optical disc 1 in the
state shown 1in FIG. 25, the recording calibration A (power
calibration} wusing the recording calibration area A is
performed on the recording layer 5 (L1 layer), and so the
recording calibration B in step 2704 is also performed on the
L1 layer. Therefore, the processing from steps 2706 through
2707 is repeated on the recording layer 3 (L0 layer) and the
recording layer 7 (LZ layer) other than the recording layer 5
(L1 layer).

[0250] Step 270%: An optimal recording power for the
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<Frame sync pattern> [0275]The prescribed modulation rule is not applied to the sync.
code/synchronization code stream inserted between the frames. Therefore, the sync.
code/synchronization code stream can have a pattern other than the code length restricted by the
modulation rule. The sync. code/synchronization code stream determines the reproduction processing
timing for reproducing the recorded data and so may include any of the following patterns.
[0276]Fromtheviewpointofallowingthesync. code/synchronization code stream to be distinguished from
the data codessteezih fore @#Sily, &Pattein whiehhoes otappeatinlthe datd:codestendi iy be
included. For example, a mark/space longer than the longest mark/space included in the data code

stream or a repetition.of sticha markispage;may e included. Wﬂ@reér%%@pdwﬁgggéy%mﬂ% 1-7
modulation, the length of the mark or space is limited to 2T through 8T. Therefore, a 9T mark/space

(9TM and/or 9TS) longer than 8T mark/space, or a repetition of a 9T mark/space (9T/9T) may be
2700 calculated by step 2703 and the recommended recording

power for the recording layer ILm which 1is read from the
contrcel area into  the memory 170 to find the optimal
recording power for the recording layer Im (precisely, the
recording power 1s generally suitabkle to the recording layer
Im because such a power is found by calculation).

{02511 Step 2707« Recording calibration B {strategy
calibration, margin checking, etc.; hereinafter, it is
assumed that strategy calibration is ©performed as the
recording calibration B) is performed on the recording laver
Lm. Specifically, the access pesiticon management section 154
cenfirms the start position of the strateqy calibration based
on the position pointed to by the Lm-NAPB, which is the next
available position information on the recording calibration
area B in the recording layer Lm (for example, in the case
where m 1s 0 (in the case of the recocrding layer L0}, LO-NAPR
801, which is the next available peosition information on the

recording calibration area B 70). The recording calibration



included, for example. [0277]Fromtheviewpointoffacilitatingthe synchronization lock-up processing or
the like, a pattern having many mark-space transfers (zero-cross points) may be included. For
example, among marks/spaces included in the data code stream, a relatively short mark/space or a
repetition of such a mark/space may be included. Where the modulation system is 1-7 modulation, a
2T mark/space (2TM and/or 2TS) which is shortest, a repetition thereof (2T/2T), a 31 mark/space
(3TM and/or 31S) which is second shortest or a repetition thereof (3T/3T) may be included, for
example. Depeniding of tid &avelengthl numdricak Aperare; ¢hannelbitlengthy vecbrdingsdensity or
the like, a mark and/or space of a length which does not provide a sufficient reproduction characteristic
may be includegls In Sueh & gase. the mark andie spage af g denatayhih dagsnot provide;a gufficient
reproduction characteristic or a shorter mark and/or space (for example, the shortest mark and/or
space) may be excluded. <Inter-code distance of the frame sync.> [0278]Here, an area including the
synchronizafién €bdé tstesans antl the dbtalé&fesstreant i referredt- tords g Yirdherareaganbca unit
including a plurality of (e.g., 31) frame areas is referred to as an "sector" (or "address unit"). In a
sector, an infer-cade distance befwegn @ Synehronization.code.stream jncluded in an arhitrary frame
area of the sector and a synchronization code stream included in a frame area other than the arbitrary
frame area may be 2 or greater. The "inter-code distance" means the number of bits which are
different betfe@R WD ot streamsS Owing fo*the arrangemeheikieh thelihter-cote distance is 2 or
greater, even if a 1-bit shift error occurs in one of the streams to be read due to an influence of noise
or the like during repredustionesuch.a steeam is natidentified asthe;other stream by istake.
Alternatively, the inter-code distance between a synchronization code stream included in a frame area
located at the start of the sector and a synchronization code stream included in a frame area located at
a position othBF tHARhe st&rt of thetsettor nisFbe 2 or 4f@ater OwiRg fo-8dch &P arahgement, it is
easily distinguished whether the

the strategy calibration calculated by the access control

section 154, and performs the recording. Based on the
recording quality of the recorded area (for example, the
medulation degree or BER), the recording calibration section
B 158 finds zan optimal recording strategy {(for example, a
strategy, among the plurality of patterns of strategy
conditions, at which the phase error is smallest). Then, the
recording calibration section B 158 updates the Lm recording
calibration area B next avallable position informatiocn (in
the case where m Is 0 (in the case of the recording laver LOJ,
LO~-NAPB 801), among the data corresponding to the DDS 701 in
the memory 170, by the part used for the strategy calibration.

[0252] If the recording for strategy calibration results
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synchronization code stream is at the start or not, or whether the synchronization code stream is at the
junction of address units or not. [0279]The term "inter-code distance" encompasses an inter-code
distance in an NRZ notation of the code stream in the case of NRZ recording and also an inter-code
distance in an NRZI notation of the code stream in the case of NRZI recording. Therefore, in the case
of recording performed by the RLL modulation, "RLL" means that the number of continuous high-level
or low-level signals on the recording wave of NRZI is limited and so means that the inter-code distance
is 2 or greatéiinahef NRZ) hotatiohe <Recsrelingrsysidr o in-GraoveoniGrooves f6280] Now : the
recording system will be described.By forming a groove in a medium, groove parts and inter-groove

parts between.graove partsarg formed. Therg are various recgyding systems; namely, data may be

recorded in the groove parts, in the inter-groove parts, or both in the groove parts and the inter-groove

parts. A system of recording on a
at which the failed recording was performed, and step 2707

may be performed again as a retry.

[G253] Step 2708: The processing from steps 2706 through
2707 described above is repeated for all the recording layers
Lm except for the recording layer Ln on which the recording
calibration B was performed in step 2704, When there is a
recording layer on which recording calibration has not been
finished, .th@ processing returns to step 2705, When
recording calibraticn has been finished on all the recording
layers except for the recording layer on which calibration
wags performed in the recording calibration area A in step
2704, the processing advances to step 2709.

10254] Step 2708: When the recording calibration 1is
finished, the latest management information is recorded {the
management information 1is updated to the latest management
information) in tThe TDMA. Specifically, the system control
secticn 150 uses the recording control section 155 to record

data, correspconding to a DDS including the new next available
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convex side as seen from the light incidence surface, among the groove parts and the inter-groove
parts, is called "on-groove system", whereas a system of recording on a concave side as seen from
the light incidence surface is called "in-groove system". According to the present invention, it is not
specifically limited whether the on-groove system is used, the in-groove system is used, or a system of
permitting either one of the two systems is used. [0281]In the case of using the system of permitting
either one of the two systems, recording system identification information which indicates whether the
on-groove systéhtisUsetl Grafdin-grobvePs\isten is tiséd way Be Pecorddd dnihé ntedidni s that
the recording system of the medium, the on-groove system or the in-groove system, can be easily
identified. Fera mudti-layet informationrecording megium;meeprding systemddentifiation information
on each layer may be recorded. In such a case, recording system identification information on all the
layers may be recorded on a reference layer (the layer farthest from the light incidence surface (LO),
the layer clodedtid tie IYHt SinGIGEREE surfats, thé fayeF to'Whith tHé optical Aead & detérihgd to
access first after the optical disc apparatus is started, etc.). Alternatively, recording system
identification iformation opreachdayer nay:be: reconded;en thes kespretiveriagyeroar reeendiag system
identification information on all the layers may be recorded on each layer. [0282] The areas in which
the recording system, identification information can be recqrded include a BOA (Burst Cutting area), a
disc informa &3% ab&a (arArea WinEH 5 ihRer &afd Sater %@%e%‘ftaﬁ%é&r@ﬁdqaiﬁoé%dw Ay stores
control information; in the reproduction-only area, such an area may have a track bitch larger than that
of the data rercerding area) za wobble frecerded in stperimpesitiers orcthe wobble); andthe like. The
recording system identification information may be recorded in any one of these areas, a plurality of

areas among thesg ateas, o ll of these atess 0283[The woltblg sian direetion,may e, apposite

and reproduction apparatus 100 may be recorded in the drive
inherent information area (also referred to as a "drive
area’) of the optical disc 1 as the recording calibration
target when necessary.

[0255] The management information dces not need to be
updated after tThe recording calibration, and may be updated
anytime before the optical disc 1 is discharged from the

optical disc recording and reproduction apparatus 100.

[0256] Thus, the recording calibration processing 1is
finished.
[0257] As described above, the 1information on the next

avallable position (peinter iInfeormation) 1n the recording

calibration area A and the recording calibration area B is
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the on-groove system and the in-groove system. Namely, where the wobble start direction in the
on-groove system is from the inner side of the disc, the wobble start direction in the in-groove system
may be from the outer side of the disc (alternatively, where the wobble start direction in the on-groove
system is from the outer side of the disc, the wobble start direction in the in-groove system may be
from the inner side of the disc). By setting the wobble start direction to be opposite between the
on-groove system and the in-groove system in this manner, the tracking polarity can be the same
whichever systemidRe onlgroovessystemasraie in-grosve systéir may BEUset® The reasbniis as
follows. In the on groove system, the recording is made on the convex side as seen from the light

incidence syrface; whereas indhe dn-greovessystem, he-recording is made,on the.concaye side as

seen from the light incidence surface. Therefore, if the groove depth is the same in these systems, the
tracking polarity is opposite. By setting the wobble start direction to be opposite between the two
systems, the" frackifrgiblafityceh bemade fve sarfe. <Recording charactefistic ahd Teffectahte: High

to Low, Low to High>
access position management section 154 to find the recording

calibration position efficiently in step 2701. Thus, the
efficiency of the entire recording calibration processing is
improvad (The time reguired for the recording calibration can
be shortenead). Especially, the recording calibration areas A
are used from the layer farthest froem the laser light
incidence side. Therefore, 1f the next available position
needs to be actually searched for, it may be necessary to
access the recording calibration areas A in all the recording
layers in the worst c¢ase. The effect of managing the
recording calibration areas A in all the recording lavers
wlth one piece of pointer information is significant.

[0z58] Regarding the recording calibration areas B, there
is a restriction that the recording needs to be performed at
a recording power generally suitable to the optical disc 1.
Therefeore, the recording calibration areas B need to be used

after the recording calibration A (power calibration) is
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[0284]A recording film can have the following two recording characteristics because of the relationship
between the reflectance of the recorded part and the reflectance of the unrecorded part. They are HtoL
characteristic at which the reflectance of the unrecorded part is higher than the reflectance of the
recorded part (High-to-Low), and LtoH characteristic at which the reflectance of the unrecorded part is
lower than the reflectance of the recorded part (Lowto-High). According to the present invention, it is
not specifically limited whether the HtoL characteristic is used, the LtoH characteristic is used, or either
one of the ts istP&rsigsible a$ therelvaragteristic of tHe retortoftheamadiuin. IN285H I te sase
where either one of the two is permissible, recording film characteristic identification information which

indicates whether the recording filmg.has the Hiol, characteyistic or the LigH characteristic may.be

recorded on the medium, so that it can be easily identified which characteristic the recording film has.
For a multi- layerinformationrecordingmedium,recordingfilm characteristic identification information on
each layer mi&F-pé Pécotdéd. Ihsieh @eases fécarding Tim chBfactsizstieddantificatdrirdéragdtion on

all the layers may be recorded on a reference layer (the layer farthest from the light incidence surface

(LO), the layetclpsest ta thedightingidence surface, the;layer towhieh the optical headds getgrmined
to access first after the optical disc apparatus is started, etc.). Alternatively, recording film
characteristic identification information on each layer may be recorded on the respective layer, or
recording filfi°char&ctefistic identifitation information onall the Ryefs fay beregsidet 6h é&éh layer.

order of recording calibration.

[C259] In the above description given with reference to
FIG. 27, the system control section 150 ig explained as
performing the total control o¢f the recording calibration
inciuding the procedure of the series of processing, and the
recording calibration section 151 {the recording calibration
section A 157 and the recording calibration section B 158) is
explained as performing an individual calibration operation
in the recording calibration, such as power calibration, the
strategy calibration or the like. ©Needless to say, the same
effect 1s provided by means for realizing the processing
(functions; corresponding to the above-described steps.
Namely, the recording calibration section 151 may perform the
total control of the recording calibration, or one means may

realize a plurality of steps {functions).
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[02861Theareasinwhichtherecordingfilm characteristic identification information can be recorded
include a BOA (Burst Cutting area), a disc information area (an area which is inner or/and outer to the
data recording area and mainly stores control information; in the reproduction-only area, such an area
may have a track pitch larger than that of the data recording area), a wobble (recorded in
superimposition on the wobble), and the like. The recording film characteristic identification information
may be recorded in any one of these areas, a plurality of areas among these areas, or all of these
areas. <Multipledayers> [02873hahe ¢aSeSof atdrte-sided-dise Liked fop inforatationdreproduetien and/or
recording with laser light incident on the side of the protective layer, where there are two or more

recording laygrs, Mﬁ@@%@!&@”ﬁ/mﬁ recarding Jayers between the. subsirate and the. prafective
layer. An example of a structure of such a multi-layer disc is shown in FIG. 29. The disc shown here
includes (n+1) information recording layers 502 (n is an integer of O or greater). A specific structure of
the optical distrissas fofloWs oA coverlager 501 the {n+ L) ibiermationrecordidg: Eyees: (Lvethyough LO
layers) 502, and a substrate 500 are sequentially stacked from a surface on which laser light 505 is

incident. Bepweeneach.two adjagent layers,ef the.(pzd) information freording Jayers 502.a -

intermediate layer 503
including the layer of n = m. I this case, step 2704 of
performing the calibration using the recording calibration
area B 1in the reccrding layer Ln on which the recording
calibration A was performed may be eliminated, and the
processing in steps 2706 and 2707 may be performed in common
on all the recording layers including the layer of n = m.
(02611 For example, 1in the case where tThe results of the
calibraticon performed 1in the past by the optical disc
recording and reproduction apparatus 100 {calibration
history) are left in a drive inherent information area (also
referred to as a "drive area") or the like of the optical
disc 1 which 1s the recording calibraticen target, the
strategy left in the calibration history may be used as the
initial wvalue of the sirategy for the power calilbration in

step 2702. Alternatively, in the case where the calibration

histeory is left, the processing may be contrelled such that
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acting as an optical buffer member is inserted.The reference layer (LO) is provided at a deepest
position which is away from the light incidence surface by a prescribed distance (a position closest to
the light source), and the other layers (L1, L2, Ln) are stacked on the reference layer (LO) toward the
light incidence surface. [0288]The distance from the light incidence surface to the reference layer LO
of the-layer disc may be substantially the same as the distance from the light incidence surface to the
recording layer of a single layer disc (e.g., about 0.1 mm). By keeping the distance to the deepest
(farthest) layETr e sante regardiess 6f thie nembee ©f faliery inthis manner(iie. oy hidking teey
distance the same as the distance in the single layer disc), the following effects are provided. The

compatibility can be maiptained between,a single layer disciand a mulidayerdisc regarding the
access to the reference layer. In addition, the influence of the tilt is prévented from being increased

even when the number of layers increases, for the following reason. The deepest layer is most
influenced bytRe Bt iABweveibration {power calibration) was performed using

the recording calibration area A 1s not executed, or such
that steps 2704 and 2707 regarding the recording calibration
B are not performed on all the recording layers. Stiil
alternatively, information corresponding to the power change
ratio 2700 found in the past or information regarding the
same (for example, temperature information  when the
calibration was performed in the past) may be left in the
calibration history. In the case where the conditions of the
current recording calibration fulfill the conditions left in
the calibration history, the recording calibration A in the
recording calibration area A in step 2702 may be skipped.

[0262] In step 2705, the rscording calibration B is
performed on all the recording layers except for the
recording layer Ln. It is not necessary that the recording
calibraticon B is performed on all the recording layers. It
is sufficient that the processing up to the recording

calibraticn B is performed on at least the recording layer(s)
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in the case where the distance to the deepest layer is made the same as the distance in the single
layer disc, the distance to the deepest layer is not increased even if the number of layers increases.
[0289]Regarding the spot advancing direction(also referred to as the "track direction or spiral
direction"), either the parallel path or the opposite path is usable. [0290]By the parallel path, the
reproduction direction is the same in all the layers.Namely, the spot advancing direction is from the
inner side toward the outer side in all the layers, or from the outer side toward the inner side in all the
layers. [029%By+the @pposite path, tiee keproductiotedirdetiontin management information

area such as the data zone 14, the lead-in zone 13 or the
like.

[0263] At the time when the recording calibration area A
becomes short of an empty area for the new calibraticn (at
the time when the recording calibration area A is used up) in
all the recording layers, recording on the optical disc 1 is
prohibited because new calibration cannct be performed
thereon anymcre. Similarly, in the case where the recording
calibration B (strategy calibration, etc.) needs to be
performed using the recording calibration area B 1in steps
2704 and 2707, at the time when the recording calibration
area B in the target recording layer becomes short of an
empty area for the new calibration (at the time when the
recording calibration area B is used up), recording on the
optical disc 1 (precisely, at least the target recording
laver) is prohibited because new calibration cannot be
performed thereon anymore.

(0264 For example, 1n the case where the results of the

calibration performed in the past on the target recording
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one layer is opposite to the reproduction direction in a layer adjacent thereto. Specifically, where the
spot advancing direction is from the inner side toward the outer side in the reference layer (LO), the
reproduction direction is from the outer side toward the inner side in the recording layer LI and is from
the inner side toward the outer side in the recording layer L2. Namely, the reproduction direction is
from the inner side toward the outer side in the recording layer Lm (m is O or an even number) and is
from the outer side toward the inner side in the recording layer Lm+1. Alternatively, the reproduction
direction is frarigtie otitér sidetowardtheddner Sidecin thie fecotding layerdm (Aeisr0dr ahieven
number) and is from the inner side toward the outer side in the recording layer Lm+1. [0292]The

thickness of thg proteclive iayer (caveriayer) isset 1o;be smaller because the nupmerical apepiure (NA)

is higher and so the focal distance is shorter, and also in order to suppress the influence of the
distortion of the spot caused by the tilt. The numerical aperture NA is set to about 0.85 for the BD
whereas thelfilifiéfical apeHiteNA i 8et BTFA5 fORtHECDY &1¢ DB forthe BVD. For 'ekaniisle,
among the total thickness of the recording medium of about 1.2 mm, the thickness of the protective

layer may bg 10te 1200, prap,Mofe §ge%i§0%ljy@ OBF?c%lé%sltfacﬁ% having %H?ﬁ@ir&e_,ss@fﬁ@bf?%%ér@m’ a
transparent protective layer having a thickness of about 0.1 mm may be provided in the case of a
single layer disc, and a protective layer having a thickness of about 0.075 mm and an intermediate

layer (spacetTyerRaviAg a tiicknéss of about 0l 625 My e Providigd 3 the'Gase’sf a fifo-layer

disc. For a disc including three or more layers, the thickness of the protective layer and/or space layer
may be thinggfz 1 cal disc 1 is not necessarily prohibited in the following

case as long as the recording calibration area B has a usable
area: for example, in the <case where the recording power for
the target recording layer is adjustable by the recording
calibration in the recocrding calibration area B, e.g., in the
where the recording power for the target recording laver is
guaranteed as beling sultable.

[0Z265] In Embodiment 4 of the present invention, a write
once optical disc is described as an example. Substantially
the same idea may be applied to a rewritable opiical disc.
Substantially the same effects as described above can be
provided in the following conditions. The recording layers
each have a recording calibration area A and a recording B;
the recording calibration areas A are used from the rscording

layer farthest from the laser 1ight incidence gide (for
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[0293]Regarding the various formats and systems described above, when the recording density
(recording capacity per layer) increases, a plurality of recording densities may be possibly provided.
Depending on the difference in the recording density or the number of recording layers, a part of the
plurality of recording densities may be adopted and another part thereof may not be adopted while
another format or system is adopted. Hereinafter, a multi-layer disc (especially, a three-layer disc) and
a high density disc (for example, having a capacity per layer of 30 GB) will be described.

<Structural examplés of discs having onedhrough foar layers>i[02943dew 1€ 30 shaws an &xample
of a structure of a single layer disc, FIG. 31 shows an example of a structure of a two-layer disc, FIG.

32 shows an ggg_g@pl,e ofsqlgirluctgre qffeas@?%'@%oeﬁ dislc$ an% f(g@ é% &howﬁ ex‘%réqlle o£§ estructure

of a four-layer disc. As described above, where the distance from the light incidence surface to the
reference layer LO is made the same, the total thickness of the disc is about 1.2 mm (it is preferable
that the totakthickiéss ds egaalitooriessithancE40 m ineluding labet peinting or thealikke), thies
thickness of the substrate 500 is about 1.1 mm, and the distance from the light incidence surface to

the referencg JayerLiQ ix,ahayt 0.1 mm in anyiof the discs showninflG, 31 Jhraugh FIG. 33,1 the
single layer disc shown in FIG. 30 (n = 0 in FIG. 29), the thickness of a cover layer 5011 is about 0.1

mm. In the two-layer disc shown in FIG. 31 (n = 1 in FIG. 29), the thickness of a cover layer 5012 is
about 0.075'mrffand fte thRkAESS BPa Spacd Iayet 5032 1abdut D028 fni 4 the tree dayer disc
shown in FIG. 32 (n - 2 in FIG. 29) and the four-layer disc shown in FIG. 33 (n = 3 in FIG. 29), the

thickness of coyer layers50d:3anch 2014-and/ordhe thickness of spage layers:5033 apdey 1n
the L1 layer) should be used; and recording in the recording
calibration areas B 1s performed at a recording powar
generally suitable to the optical disc 1. In the case of a
rewritable optical disc, the recording calibration areas are
also rewritable. Therefore, recording calibration may be
performed at any position in the recording calibration area.
For this reascon, a rewrlitable optical disc does not need to
keep the next available positicon information (NAPA 800, L0O-
NAPB 801, etc.), but needs to keep the position information
cnn the next available recording calibration area A (physical
address, recording laver number, etc.} in order to restrict

the order of use of the recording calibration areas A.

(EMBODIMENT 5)
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5034 are still thinner. (EMBODIMENT 6) [0295]FIG. 34 shows a physical structure of an optical disc 1

according to this embodiment. In the discus-shaped optical disc 601, a great number of tracks 602 are
formed concentrically or in a spiral, for example. In each track 602, a great number of tiny sectors are

formed.As

<Main parameters>

[0Z200] Examples of the recording mediums te which the
present invention is applicable include Blu-ray disc (BD) and
optical discs of other formats. Hereinafter, BDs will be
described. There are the following types of BD in accordance
with the characteristics of the recording layers:
reproduction-only BD-ROM, write once BD-R, rewritable BD-RE
and the like. The present invention is applicable to any of
the R (write once) type and the RE (rewritable type) of BDs
and other format recording mediums. The main optical
constants and physical formats of the Blu-ray disc are
disclosed in "Illustrated Blu-ray Disc Reader” {Blu~ray
Handbook) published by Chmsha, Ltd. or the white papers put
on the web site of the Blu-ray Association (http://www.blu-
raydisc.com/) .

[0267] For the BD, laser 1light having a wavelength of
about 405 nm (where the tclerable error range is #5 nm with
respect tTo the standard value of 405 nm, 400 to 410 nm}) and

an objective lens having a numerical value (NA) of about 0.85

(where the tolerable errcr range is +0.01 nm with respect to
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described later, data is recorded on each track 602 in units of blocks 603 each having a predetermined
size. [0296]The optical disc 601 according to this embodiment has an expanded recording capacity
per information recording layer as compared with a conventional optical disc (for example, a BD of 25
GB). The recording capacity is expanded by raising the recording linear density, for example, by
decreasing the length of a recording mark recorded on the optical disc.Here, the expression "raising
the recording linear density" means to decrease the channel bit length. The "channel bit length" refers
to a length coespording tr'icytle T of thé referéhee GloBK (thereferéfce cycke Tuskd.  The

track pitch of the BD is about 0.32 um (where the tolerable
error range is 0.010 um with respect to the standard value of
0.320 pm, 0.310 to 0.330 um), and one or two recording layers
are provided, OCne or two recording layvers each having a
recording surface are provided on the side on which the laser

light is incident, The distance from the surface of a

protective layer of the BD to the recording surface is 75 um

to 100 pm.
[0268] As the modulation system for a recording signal,
177F modulation is used. The length of the shortest mark to

be recorded (27 mark; T is a cycle of the refsrence clock

(the reference cycle of modulation in the case where a mark

is recorded by a prescribed modulation rule)) is 0.14% um (or

0.138 um) {(channel bit length T 1s 74.50 nm {or &%.00 nm)).

The recording capacity is 25 GB (or 27 GB) (more precisely,

25.025 GB (or 27.020 GB) where one layer is provided on one

side, or 50 GB {or 54 GB) (more precisely, 50.050 GB (or

54.040 GB) where two layers are provided on one side.

[C269] The channel clock frequency is 66 MHz (channel bit
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modulation in the case where a mark is recorded by a prescribed modulation rule). The optical disc 1
may include a plurality of layers. In the following, only one information recording layer will be described
for the convenience of explanation. Even where the width of the track is the same among a plurality of
layers provided in the optical disc, the recording linear density may be varied on a layer-by-layer basis
by making the mark length different among different layers while making the mark length the same in
the same layer. [0297]The track 602 is divided into blocks by a data recording unit of 64 kB (kilobytes),
and the blocka ate séquétitialliifassigned bivek address vatlesiEactablok s divided imd saub,blocks
each having a prescribed length. Three sub blocks form one block. The sub blocks are assigned sub

block numberg of @.through, 2 from thefirst sup_hlack. %@C%%lﬁgbggp]ggy% [0298]Now, the recording
density will be described with reference to FIG. 35, FIG. 36 and FIG. 3

transfer rate (BD4x), 3296 MH=z {channel bit rate:
396.000 Mbits/s) at the 6x transfer rate (BD6x) rate, and
528 MHz  (channel Dbit rate: 528.000 Mbits/s) at the 8x
transfer rate (BD8x).

[0270] The standard linear wvelccity (reference linear
velocity, 1x) is 4.917 m/sec. {or 4.554 m/sec.). The linear
velocity at 2Zx, 4x, 6x and 8x is respectively 9.834 m/sec.,
19.668 m/sec., 29.502 m/sec., and 39.336 m/sec. A linear
velocity hicher than the reference liner wvelocity 1is
generally a positive inteqral multiple of the refersnce liner
veloclity, but is not limited to an integral multiple and may
be a peositive real number multiple of the reference liner
velocity. A linear velocity lower than the reference liner
velocity, such as 0.5 times {(0.5x), may also be defined.
[0271] The above description 1s regarding BDs already
developed intoc commercial products, which include one layer
cr two layers and have a recording capacity per layer of,

mainly, about 25 GB (or about 27 GB). For realizing a higher
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[0299]FIG. 35(A) shows an example of a 25 GB BD. For the BD, the wavelength of laser light 623 is
405 nm and the numerical aperture (NA) of an objective lens 220 is 0.85. [0300]Like in the case of a
DVD, also in the case of a BD, the recording data is recorded as marks 620 and 621 formed by a
physical change on the track 602 of the optical disc.A mark having the shortest length among these
marks is referred to as the "shortest ark".In the figure, the mark 621 is the shortest mark.

capacity, a high density BD having a recording capacity per
layer of abcut 32 GB or about 33.4 GB and a BD including
three or four layers are also under research, and thaese BDs

will also be described below.

<Modulation>

[0272] Now, the modulation system o0f the recording signal
will be briefly described.

[0273] For recording data (original source data/pre-
modulation binary data) on a recording medium, the data is
divided into parts of a prescribed size, and the data divided
into parts of the prescribed size is further divided into
frames of a prescribed length. Yor each frame, a prescribed
sync. code/synchronization code stream 1s inserted (frame
sync. area). The data divided into the frames is recorded as
a data code stream modulated in accordance with a prescribed
medulation rule matching the recording/reproduction signal
characteristic of the recording medium (frame data area).
[0274)] The modulation rule may be, for example, an RLL

(Run Length Limited) coding system by which the mark length
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[0301]When the recording capacity is 25 GB, the physical length of the shortest mark 621 is 0.149
pm.This corresponds to about 1/2.7 of that of a DVD.Even if the resolving power of the laser light is
raised by changing the wavelength parameter (405 nm) and the NA parameter (0.85) of the optical
system, the physical length of the shortest mark is close to the limit of the optical resolving power, i.e.,
the limit at which a light beam can identify a recording mark. [0302] FIG. 36 shows how a mark stream
recorded on the track is irradiated with a light beam. In the case of a BD, an optical spot 630 has a
diameter of aBouti3:39 wit- beSdusenof thielalioveRmentiored prametersiofthelopticaisystemt When
the recording linear density is raised without changing the structure of the optical system, the recording

mark becomes smpllet with g spedtia the diameter of the optical spaLs3p, andtherefore e fesolving

power for reproduc on is dec ined. [0303]For example, FIG. 35(B) shows an example of an

the maximum (d and k are natural numbers fulfilling d < k).
For example, when d = 1 and k = 7, where T is the reference
cycle of modulation, the length of the mark or space is 27 at
the shortest and 8T at the longest. Alternatively, the
modulation rule may be 1-7PP modulation, in which the
following features [1] and [2] are added to the RLL{1,7)
modulation. "PP" of 1-7PP 1s an abbreviation of Parity
preserve/Prohibit Repeated Minimum Transition Length.
[1] "Parity preserve" represented by the first "P" means that
whether the number of 1's of the pre-modulation scurce data
pits 1is an odd number c¢r an even number (i.e., Parity)
matches whether the number of 1's of the corresponding post-
modulation bit pattern is an odd number or an even number.
2] "Prcohibit Repeated Minimum Transition Length"™ represented
by the second "P" means a mechanism for limiting the number
of times the shortest marks and spaces are repeated on the

post-modulation recording wave (specifically, a mechanism for

limiting the number of times 2T is repeated to o).
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optical disc having a recording density higher than that of the 25 GB BD. For this disc also, the
wavelength of the laser light 623 is 405 nm and the numerical aperture (NA) of an objective lens 720 is
0.85. A mark shortest among the marks 625 and 624 of the disc, namely, the mark 625, has a physical
length of 0.1115 jim. In the disc in FIG. 35(3), as compared with the disc shown in FIG. 35(A), the
diameter of the spot is the same at about 0.39 jim but the recording mark is smaller and the ter-mark
gap narrower. Therefore, the resolving power for reproduction is declined. [0304]An amplitude of a
reproduction signal obtained by reproducing a recording mark using a light beam decreases as the
recording mark is shortened, and becomes almost zero at the limit of the optical resolving power. The
inverse of the cycle.gf the recording mark is called "spatial frequency”, and the relationship between
the spatial frequency and the signal amplitude is called OTF (Optical Transfer Function). The signal
amplitude decreases almost linearly as the spatial frequency increases. The critical frequency for
reproductiort 8€Which the Sighakaifiplithée Becdnes zerfd Ricalfed COTF cutstt. [8303]HIE. 3Pis a

graph showing the relationship between
the sync. code/synchronization code stream inserted between

the frames. Therefore, the sync. code/synchronization code
stream can have a pattern other than the code length
restricted by the modulation rule. The SYNC.
code/synchronizaticn code stream determines the reproducticn
processing timing for reproducing the recorded data and so
may include any of the following patterns.

[0276] From the viewpoint of allowing the sync.
code/synchronization code stream to be distinguished from the
data code stream more easily, a pattern which doss not appear
in the data code stream may be included. For example, a
mark/space leonger than the longest mark/space included in the
data code stream or a repetition of such a mark/space may be
included. Where the modulation system is 1-7 meodulation, the
length of the mark or space 1is limited to 2T through 8T.
Therefore, a 9T mark/space (9TM and/cor 9TS} longer than 8T

mark/space, or a repetition of a 9T mark/space (9T/9T) may be



the OTF and the shortest recording mark when the recording capacity is 25 GB. The spatial frequency
of the shortest recording mark of the BD is about 80% with respect to the OTF cutoff, which is close to
the OTF cutoff. It is also seen that the amplitude of the reproduction signal of the shortest mark is very
small at about 10% of the maximum detectable amplitude. For the BD, the recording capacity at which
the spatial frequency of the shortest recording mark is very close to the OTF cutoff, i.e., the recording
capacity at which the reproduction amplitude of the shortest mark is almost zero, is about 31 GB.
When the fréqueheyast thé aeprotiuetion signal of the shortest mark is around, or exceeds, the OFF
cutoff frequency, the resolving power of the laser light is close to the limit or may exceed the limit. In

such an are%,otm@mplitug% of the reproductign é‘wggcrea% and %g% SN ratiq %drastigg@y

deteriorated. [0306]Therefore, with the recording linear density which is assumed for'the high density
optical disc shown in FIG. 35(B), the frequency of the shortest mark of the reproduction signal is in the
vicinity of thé OTFF Egtotirchidingle edselwhéreahe $ragency s ddirmal tdoffower thaa the OTF
cutoff, but is not significantly lower than the OTF cutoff) or equal to or higher than the OTF cutoff.

[0307]FIG. 38.i5&.graph showing.an exarple he relationship.betwegn the signal amplitide and the
spatial frequency when the spatial frequency of the shortest mark (2T) is higher than the OTF cutoff

frequency and the amplitude of a 21 reproduction signal is 0. In FIG. 38, the sgagalgrequenc%/ of the
ude in the

shortest mark'@1y56¢.12 tifes ofthe O TE cudidrsquBagyis/spaces  inc
data code stream, a relatively short mark/space or a
repetition of such a mark/space may be included. Where the
modulation system is 1-7 modulation, a 2T mark/space (2TM
and/or 2TS) which is shortest, a repetition thereof (2T/27),
a 3T mark/space {3TM and/or 23TS) which is second shortest or
a repetition therecf (3T/3T) may be included, for example.
Depending on the wavelength, numerical aperture, channel bit
length, recording density or the like, a mark and/or space of
a length which deoes not provide a sufficient reproduction
characteristic may be included. In such a case, the mark
and/or space of a length which does not provide a sufficient

reproduction characteristic or a shorter mark and/or space

(for example, the shortest mark and/or space) may be excluded.

<Inter-code distance of the frame sync.>



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

shortest mark exqeds e QTE cuiaffregyancy. 403301The referenge.T, coresponging fo the, OTF

cuto
area", and a unit including a plurality of {(e.g., 31) frame
areas is referred to as an "sector? {(or "address unit"). In
a sector, an linter-code distance between a synchronization
code stream included in an arbitrary frame area of the sector
and a synchronization code stream included in a frame area
other than the arbitrary frame area may be 2 or greater. The
"inter-code distance” means the number of bits which are
different between two code streams. Owing to the arrangement
in which the inter-code distance is 2 or greater, even if a
l-bit shift error occurs in one of the streams to be read due
to an influence of noilse or the like during reproduction,
such a stream 1s not identified as the other stream by
mistake. Alternatively, the inter-code distance between a
synchronization code stream included in a frame area located
at the start of the sector and a synchronization code stream
included in a frame area lcocated at a position cther than the

start of the sector may be 2 or greater. Owing to such an

arrangement, it is easily distinguished whether the
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frequency when NA - 0.85 and 2, - 405 nm s: T = 405/(2 x 0.85)/4 = 59.558 nm.(When P > 2a2NA, the
spatial frequency of the shortest mark is lower than the OTF cutoff frequency.) [0311]In this manner,
merely by increasing the recording linear density, the S/N ratio is deteriorated by the limit of the optical
resolution. The deterioration of the S/N ratio caused by increasing the number of information recording
layers may be occasionally intolerable from the viewpoint of the system margin. As described above,
the deterioration of the S/N ratio is conspicuous especially where the frequency of the shortest mark is
higher than te"GITECstaH freguency 0312} ethie above Ahe frdguerneyasfitherepradiictioncsignal of
the shortest mark and the GTE cutoff frequency are compared in relation with the recording density.

When the densityjmproyement.ismore;advanced..a secording.density (recording linear, density,

recording capacity) corresponding to each case can be set by the principle described above based on
the relationship between the frequency of the reproduction signal of the next shortest mark (also the
shortest mafCREa 6 the! hekt SHorfest mark (also the next shortest mark and he recording marks
which become gradually less shorter in this manner) and the GTE cutoff frequency.

[0279] The term "inter-code distance” encompasses an
inter—-code distance in an NRZ notation of the ccde stream in
the case of NRZ recording and also an inter-code distance in
an NRZI notation of the c¢ode stream in the case of NRZI
recording. Therefore, in the case of reccrding perfcrmed by
the RLL modulation, "RLL" means that the nunber of continuous
high-level or low-level signals on the recording wave of NRZI
is limited and so means that the inter-code distance is Z or

greater in the NRZI notation.

<Recording system: in-Groove/on-Groove>
[0280] Now, the recording svstem will be described. By
forming a groove in a medium, groove parts and inter-groove
parts between groove parts are Iformed. There are various
recording systems; namely, data may be recorded in the groove
parts, in the inter-groove parts, or both in the groove parts

and the inter-grocve parts. A system of recording on a
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<Recording density and the number of layers> [0313]For a BD usable with laser light having a
wavelength of 405 nm and an objective lens having a numerical aperture of 0.85, the following can be
considered as a specific recording capacity per layer in the case where the frequency of the shortest
mark is in the vicinity of the OTF cutoff: about 29 GB (e.g., 29.0 GB 0.5 GB or 29 GB + 1 GB, etc.) or
larger, about 30 GB (e.g., 30.0 GB 0.5 GB or 30 GB 1 GB, etc.) or larger, about 31 GB (e.g., 31.0 GB
0.5GB or 31 GB 1 GB, etc.) or larger, about 32 GB (e.g., 32.0 GB 0.5 GB or 32 GB _ 1 GB, etc.) or
larger, and tReKEX[0814in the case'wherethetfréquiehiey of e dhbttest surface, among

the groove parts and the inter-groove parts, 1is called "on-
groove system", whereas a system o¢f recording on a concave
side as seen from the light incidence surface is called "in-
groove system". According to the present invention, 1t 1is
not specifically limited whether the on-~groove system is used,
the in-groove system is used, or a system of permitting
either one of the two systems is used.

[0281] In the case of using the system of permitting
either one of the TWo systems, recording system
identification information which indicates whether the on-
greoove system 1s used or the in-groove system is used may be
recorded on the medium, s¢ that the recording system of the
medium, the on-groove system or the in-groove system, ¢an be
easily iddentified. For a multi~layer information recording
medium, recording system identification information on each
layer may be recorded. In such a case, recording system
identification information on all the layers may be recorded
on a reference layer (the layer farthest from the light

incidence surface (L0}, the layer <¢losest to the light
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mark is equal to or higher than the OTF cutoff, the following can be considered as a recording capacity
per layer: about 32 GB (e.g., 32.0 GB 0.5 GB or 32 GB 1 GB, etc.) or larger, about 33 GB (e.g., 33.0
GB 0.5 GB or 33 GB 1 GB, etc.) or larger, about 33.3 GB (e.g., 33.3 GB 0.5 GB or 33.3 GB 1 GB,
etc.) or larger, about 33.4 GB (e.g., 33.4 GB 0.5 GB or 33.4 GB 1 GB, etc.) or larger, about 34 GB
(e.g.,34.0GB 0.5GBor 34 GB 1 GB, etc.) or larger, about 35 GB (e.g., 35.0GB 0.5GBor35GB 1
GB, etc.) or larger, and the like. [0315]Especially where the recording density is about 33.3 GB, a
recording capaeity ®F aBout 10DASB (99:9 G B} i/ fealiZet with'thteelafers Wherelthé ¢ecordifig
density is about 33.4 GB, a recording capacity of 100 GB or greater (100.2 GB) is realized with three

layers. This geperallytaatches thesecarding capagity pf-a Biuinglydingfourjayers gach-having a
recording density of 25 GB. For example, where the recording density is 33 GB, 33 x 3 = 99 GB, which
is different from 100 GB by 1 GB (equal to or less than 1 GB). Where the recording density is 34 GB,
34 x 3 = 102-8B, Wifiich i differeftfrom- 100 GB/bY™E BB feliiat ¥o or 16EHHAAD'EB). WiieT8he
recording density is 33.3 GB, 33.3 x 3 = 99.9 GB, which is different from 100 GB by 0.1 GB (equal to

or less than 03t &3B)r Where dhe recosdingdensityis 33:46B1 334X 321002 GB whighds different
from 100 GB by 0.2 GB (equal to or less than 0.2 GB). [0316]As described above, when the recording

density is . ) . e .
the respective layer, or recording system ddentification

information on all the layers may be recorded on each layer.
(02821 The areas in which the recording system
identification information can be recorded include a BCA
{Burst Cutting area), a disc information area {(an area which
is inner or/and outer to the data recording area and mainly
stores contrel information; 1in the reproduction-only area,
such an area may have a track pitch larger than that of the
data recording area), & wobble (recorded in superimposition
on the wobble), and the like. The recording system
identification information may be recorded in any one of
these areas, a plurality of areas among these areas, or all
of these areas.

[0283] The wobble start direction may ke opposite between
the on~groove sysiem and the in-groove system. Namely, where

the wobble start directicn in the on-groove system 1s from
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significantlyexpanded,precisereproductionbecomes difficult because of the influence of the
reproduction characteristic of the shortest mark. A recording density which is suppressed from being
expanded significantly but realizes a recording capacity of 100 GB or greater, about 33.4 GB is
realistically usable. [0317]Inthissituation,there are thefollowing alternatives for the disc structure:
including four layers each having 25 GB, or including three layers each having 33 to 34 GB. When the
number of layers increases, the reproduction signal amplitude of each recording layer is decreased
(the S/N ratib'is détetivFated)or tHe fflaerde of miultilayekstkay ight(sigharl frofiam adjacehe
recording layer) exerted, for example. A disc including three layers each having 33 to 34 GB, as
opposed to aglisg-igclpding rggte_réayeﬁa?acﬂm\é&g@ GR, canreajizeg reeording capacity of.about
100 GB while suppressing the influence of the stray light as much as possible, i.e., with a smaller
number of layers (with three layers as opposed to four layers). Thus, a disc manufacture wishing to
realize abOLKaMGEG‘Ba\F/hW@ aVoidifgIhE inciEasesiihe nafmbek ofthedaferaias Much ds sossible can
choose a disc including three layers each having 33 to 34 GB. By contrast, a disc manufacturer
wishing to realize-aboyt, 100,68 while keeping the canventignalformat (the recording density or 25
GB) can choose a disc including four layers each having 25 GB. In this manner, manufacturers with
different purposes can realize the respective purposes with different structures. This provides a certain

degree of frééddm if Hi<edesighing. [03E8]-WTere the retordiRG density pef iayBr I 'Ebdut oo 32

GB, a recording capacity of 120 GB or greater is realized with a four-layer disc although 100 GB is not

reached by a theeedayendisci(ahous 9049 96 GRB). Whernedhe secording-dansity is-abeut32 6B, a
four-layer disc realizes a recording capacity of about 128 GB. The numerical value of 128 matches a
power of 2 (seventh power oé?%g which is convenient to be processed by a computer. As compared to
the disc reaﬁfingogﬁ(gtﬁjftﬁ) WithThreb15yers: tHE WisCrediZtg Bboutd28 &8 with it §ers has
less influence on the reproduction characteristic of the shortest mark.

system in this manner, the tracking polarity can be the same

whichever system, the on-groove system or the in-groove
system, may be used. The reason is as follows. In the on-
groove system, the recording is made on the convex side as
seen from the light incidence surface, whargas in the in-
groove system, the recording is made con the concave side as
seen from the light incidence surface. Therefore, 1if the
greove depth i1s the same 1n these systems, the tracking
polarity 1s opposite. By setting the wobble start direction
to be opposite between the two systems, the tracking polarity

can be made the same.

<Recording characteristic and reflectance: High to Low,
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[0319]Based on this, for expanding the recording density, a plurality of recording densities may be
provided (for example, about 32 GB and about 33.4 GB) and combined with a plurality of numbers of
layers. In this manner, the disc manufacturers can be provided with a certain degree of freedom in
designing. For example, a manufacturer wishing to increase the capacity while suppressing the
influence of a larger number of layers can choose to produce a three-layer disc of about 100 GB. A
manufacture wishing to increase the capacity while suppressing the influence on the reproduction
characteristle?tan-€hdbiseé'to produce a four-layer disc of about 120 GB in which each of four layers
has 30 to 32 GB. INDUSTRIAL APPLICABILITY [0320]An information recording medium according to

the present inyentign is applicable,top write enee, optical disg and a reywitaklg pptical disc ingluding a

plurality of recording layers. [0321]An information recording and reproduction method
recording characteristics because of the relationship between
the reflectance of the rescorded part and the reflectance of
the unrecorded part. They are Htol characteristic at which
the reflectance of the unrecorded part is higher than the
reflectance of the recorded part (High-to-Low), and LtoH
characteristic at which the reflectance of the unrecorded
part 1s lower than the reflectance of the recorded part (Low-
to-High) . According to the present invention, it is not
specifically limited whether the Htol, characteristic is used,
the LtoH characteristic 1s used, or either one of the two 1s
permissible as the characteristic of the recording film of
the medium.
(02857 In the c¢ase where either one of the two 13
permissible, recording film characteristic identification
information which indicates whether the recording film has
the Htel characteristic or the LitoH characteristic may be

recorded con the medium, so that 1t can be easily identified

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

layer information recording medium, recording film
characteristic identification information on each layer may
be recorded. In such a case, recording film characteristic
identification information on all the lavers may be recorded
on a reference layer {the lavyer farthest from the light
incidence surface (L0), the layer <closest to the 1light
incidence surface, the layer to which the optical head is
determined to access first after the optical disc apparatus
15 started, etc.). Alternatively, recording £ilm
characteristic identification information on each layer may
be recorded on the respective layer, or recording film
characteristic identification information on all the lavers
may be recorded on each lavyer.

[0286] The areas in which the recording film
characteristic identification information c¢an be recorded
include a BCA (Burst Cutting area), a disc information area
(an area which 1s inner or/and outer to the data recording
area and mainly stores control information; in  the
reproduction~ocnly area, such an area may have a track piltch

larger than that of the data recording area}, a wobble
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3, 5 intermediate layer 7cover layer 11track 12block 13lead-in zone 14data zone 15lead-out zone

(recorded in superimposition on the wobble), and the like.
The recording film characteristic identification information
may be recorded in any one of these areas, a plurality of

areas among these areas, or all of these areas.

<Muitiple layers>
[0287] In the case of & one-sided disc used for
information reproduction and/or recording with laser light
incident on the side of the protective laver, where there are
two o©r more recording layers, tThere are a plurality of
recording layers between the substrate and the protective
layer. An example of a structure of such a multi-layer disc
is shown in FIG. 29. The disc shown here includes (n+l)
informaticn recording layers 502 (n is an integer of 0 or
greater). A specific structure of the optical disc 1s as
follows. A cover laver 501, the (n+l) information recording
lavers (In through L0 layers) 502, and a substrate 500 are
sequentially stacked from a surface on which laser iight BG5S
is incident. Between eacn two adijacent layers of the (n+l}

information recording layers 502, an intermediate layer 503
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20, 21, 22, 23 power calibration area 30, 31, 32strategy calibration area 40reserved area 500PC
areas 51power calibration 52strategy calibration 60, 61, 62 recording calibration area A 70, 71, 72
recording calibration area B

acting as an optical buffer member 1is Iinserted. The
reference layer (L0) is provided at a deepest position which
is away from the light incidence surface by a prescribed
distance {a position closest to the light source), and the
other layers (11, L2, ... ILn) are stacked on the reference
layer (LO) toward the light incidence surface.

[0288] The distance from the light 1incidence surface to
the reference layer LO of the mnulti~layer disc may be
substantially the same as the distance from the light
incidence surface to the recording laver of a single layer
disc (e.g., about 0.1 mm). By keeping the distance Lo the
deepest (farthest) layer the same regardless of the number of
layers in this manner (i.e., by making the distance the same
as the distance in the single layer disc), the following
effects are provided. The compatibility can be maintained
between a single layer disc and a multi-layer disc regarding
the access to the reference laver. In additicn, the
influence of the tilt is prevented from being increased even
when the number of lavers increases, for the following reason.

The deepest layer is most influenced by the tilt. However,
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100 optical disc recording and reproduction apparatus 110 instruction processing section 120 optical
head 130 laser control section 140 recording compensation circuit 150 system control section 151
recording calibration section 152 power calibration section

in the case where the distance to the deepest laver is made
the same as the distance in the single layer disc, the
distance to the deepest layer is not increased even 1if the
number of layers increases.

[0289] Regarding the spot advancing direction (also
referred to as the "track direction or spiral direction™),
either the parallel path or the opposite path is usable.
[0290] By the parallel path, the reproduction direction is
the same 1in all the lavyers. Namely, the spot advancing
direction is from the inner side toward the outer side in all
the layers, or from the outer side toward the inner side in
all the layers.

(026813 By the opposite path, the reproduction direction in
one layer 1s opposite to the reproduction directicen in a
layer adijacent thereto. Specifically, where the spot
advancing direction is from the inner side toward the outer
side in the reference layer (L0), the reproduction direction
1s from the outer side toward the inner side in the recording
layer L1 and is from the inner side toward the outer side in

the recording laver LZ. Namely, the reproducticn direction
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153 strategy calibration section 154 access position management section 155 recording control
section 156 reproduction control section 157 recording calibration section A 158 recording calibration
section B 160 mechanical control section 170 memory :

is from the inner side toward the cuter side in the recording
layer Lm {(m is 0 or an even number) and is from the outer
side toward the inner side in the recording layer Lmtl.
Alternatively, the reproduction direction is from the outer
side toward the inner side in the recording layer Lm (m is 0
or an even number) and 1s from the Inner side toward the
outer side in the reccrding layer Lm+1.

102921 The thickness of the protective laver (cover layer)
is set to be smaller because the numerical aperture (NA) is
higher and so the focal distance 1is shorter, and alsc in
order to suppress the influence of the distortion of the spot
caused by the tilt. The numerical aperture NA is set to
about 0.85 for the BD whereas the numerical aperture NA 1s
set to 0.45 for the CD and 0.65 for the DVD. For example,
amcng the total thickness of the recording medium of about
1.2 mm, the thickness of the protective layer may be 10 to
200 um. More specifically, on a substrate having a thickness
of about 1.1 mm, a transparent protective laver having a
thickness of about 0.1 mm may be provided in the case of a

single laver disc, and a protective layer having a thickness
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180 I/O bus 200 first recording calibration area

of about 0.075 mm and an intermediate laver (spacer laver)
having a thickness of about 0.025 mm may be provided in the
case of a two-layer disc. For a disc including three or more
layers, the thickness of the protective layer and/or space
laver may be thinner.

(02837 Regarding the various formats and systems described
above, when the recording density (reccrding capacity per
layer) increases, a plurality of recording densities may be
possibly provided. Depending on the difference in the
recording density or the number of recording layers, a part
of the plurality of recording densities may be adopted and
ancther part thereof may not be adopted while another format
or system 1is adopted. Hereinafter, a multi-~laver disc
(especially, a three-iaver disc) and a high density disc (for
example, having a capacity per layver of 30 GB) will be

described.

<Structural examples of discs having one through four
layers>

(0294] Now, FIG. 30 shows an example of a structure of a
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single layer disc, FIG. 31 shows an example of a stiructure of
a two-layer disc, FIG. 32 shows an example of a structure of
a three-layer disc, and FIG. 33 shows an example of a
structure of a four-layer disc. As described above, where
the distance from the 1light iIncidence surface to the
reference layer LU 1s made the same, the total thickness of
the disc is abkeout 1.2 mm (it is preferakle that the total
thickness 1is equal tc or less than 1.40 mm including label
printing or the like}, the thickness of the substrate 500 is
about 1.1 mm, and the distance from the light iIncidence
surface to the reference layer LO is about 0.1 mm in any of
the discs shown in FIG. 31 through FIG. 33. In the single
layer disc shown in FIG. 30 {n = 0 in FIG. 29), the thickness
cf a cover layer 5011 is about 0.1 mm. In the two-layer disc
shown in FIG. 31 (n = 1 in FIG. 28), the thickness of a cover
layer 5012 is about 0.075 mm and the thickness of a space
layer 5032 is about 0.025 mm. In the three-layer disc shown
in FIG. 32 {(n = 2 in FIG. 29) and the four-laver disc shown

in FIG. 33 (n = 3 in FIG. 29), the thickness of cover layers

5013 and 5014 and/or the thickness of space lavers 5033 and

185



reserved area 400 area on which recording is performed

5034 are still thinner.

(EMBODIMENT ©6)
[0295] FIG. 34 shows a physical structure of an optical
disc 1 according to this embodiment. In the discus-shaped
optical disc 601, a great number of tracks 602 are formed
concentrically or in a spiral, for example. In each track
602, & great number of tiny sectors are formed. As
described later, data 1is recorded on each track 602 in
units of blocks 603 each having a predetermined size.
[0296] The optical disc 601 according to this embodiment
has an expanded recording capacity per information recording
layer as compared with a conventional optical disc {for
example, a BD of 25 GB). The recording capacity 1s expanded
by raising the recording linear density, for example, by
decreasing the length of a recording mark recorded on the
optical disc. Here, the expression "raising the recording
linear density" means to decrease the channel bit length.
The "channel bit length" refers to a length corresponding to

cycle T of the reference clock {the reference cycle T of
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401, 402range influenced by laser light 410, 411range irradiated with laser light

modulation iIn the case where a mark 1s recorxded by a
prescribed modulaticn rule}. The optical disc 1 may include
a plurality of layers. In the feollowing, only one
information recording layer will Dbe described for the
convenlience of explanation. Even where the width of the
track 1s the same among a plurality of layers provided in the
optical disc, the recording linear density may be varied on a
layer-by-layer basis by making the mark length different
among different layers while making the mark length the same
in the same laver.

[0297] The track 602 1s divided into blocks by a data
recording unit of 64 kB (kilobytes;, and the blocks are
sequentially assigned block address values. Bach block is
divided into sub blocks each having a prescribed length.
Three sub bklocks form one block. The sub blocks are assigned

sub block numbers of 0 through 2 from the first sub block.

<Recording density>
[0298] Now, the recording density will be described with

reference to FIG. 35, FIG. 36 and FIG. 37.
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102997 FIG. 35(A) shows an example of a 25 GB BD. For the
BD, the wavelength of laser light 623 1is 405 nm and the
numerical aperture (NA) of an objective lens 220 is C.85.

[G300] Like in the case of a DVD, also in the case of a BD,
the recording data is recorded as marks 620 and 621 formed by
a physical change on the track 602 of the optical disc. A
mark having the shortest length among these marks is referred
to as the "shortest mark". In the figure, the mark 621 is=

the shortest mark.

[0301] When the recording capacity is 25 GB, the physical
length c¢f the shortest mark 621 1s 0.149 pm. This
corresponds toe about 1/2.7 of that of a DVD. Even 1f the

resolving power of the laser light is raised by changing the

wavelength parameter (405 nm) and the NA parameter (0.85) of

the cptical system, the physical length of the shortest mark

is close to the limit of the optical resolving power, i.e.,

the limit at which a light beam can identify a recording mark.

[0302] FIG. 36 shows how a mark stream recorded on the

track is irradiated with a light beam. In the case of a BD,

an optical spot 630 has a diameter of about 0.39 um because
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of the above-mentioned parameters of the optical system.

When the recording linear density is raised without changing

the structure of the o¢ptical system, the recording mark

becomes smaller with respect to the diameter of the optical

spot 630, and therefore the resclving power for reproduction

is declined.

[0303] For example, FIG. 35(B) shows an example of an

optical disc having a recording density higher than that of

the 25 GR BD. For this disc alsc, the wavelength of the

laser light 623 is 405 nm and the numerical aperture (NA) of

an objective lens 720 ig 0.85. A mark shortest among the

marks 625 and 624 o©f the disc, namely, the mark 625, has a

ohysical length of 0.1115 um. In the disc in FIG. 35({(B), as

compared with the disc shown in FIG. 35(A), the diameter of

the spot is the same at about 0.39 um but the recording mark

is smaller and the inter-mark gap 1s narrower. Therefore,

the resclving power for reproduction is declined.

[0304] An amplitude o¢of a reproduction signal obtained by

reproducing a recording mark using a light beam decreases as

the recording mark is shortened, and becomes almost zero at
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the limit of the optical resolving power. The inverse of the
cycle cf the recording mark is called "spatial freguency™,
and the relationship between the spatial frequency and the
signal amplitude is called OTE (Optical Transfer Function).
The signal amplitude decreases almost linearly as the spatial
frequency increases. The critical frequency for reproduction
at which the signal amplitude becomes zero is called "OTF
cutoff".

[0305] FIG. 37 is a graph showing the relationship between
the OTF and the shortest recording mark when the recording
capacity is 25 GB. The spatial freguency of the shortest
recording mark ¢f the BD is about 80% with respect to the QOTF
cutoff, which 1s close to the OTF cutoeff. it is also seen
that the amplitude of the reproduction signal of tThe shortest
mark i1s very small at about 10% of the maximum detectable
amplitude. For the BD, the recording capacity at which the
spatial frequency of the shortest recording mark 1s very
close te the OTE cutoff, i.e., the recording capaclty at
which the reproduction amplitude of the shortest mark is

almost =zero, is about 31 GB. When the freguency of the
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reproduction signal of the shortest mark 1is around, or
exceeds, the OFF cutoff frequency, the resolving power of the
laser light is close to the limit or may exceed the limit.
In such an areca, the amplitude of the reproduction signal
decreases and the $/N ratio is drastically deteriorated.
[030¢6] Therefore, with the recording linear density which
is assumed for the high density optical disc shown in
FIG. 35(B), the frequency of the shortest mark of the
reproduction signal is in the wvicinity of the OTF cutoff
(including a case where the frequency 1s egqual to or lower
than the OTF cutcff, but is not significantly lower than the
OTE cuteff) or egual to or higher than the OTF cutoff.

[0307] FIG. 38 1is a graph showing an example the
relaticnship between the signal amplitude and the spatial
freguency when the spatial freguency of the shortest mark
(2T} 1s higher than the OTF cutoff frequency and the
amplitude of a 2T reproduction signal is ¢. In FIG. 38, the
spatial freguency of the shortest mark (2T) is 1.12 times of

the OTF cutofi frequancy.
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718 other information 800 recording calibration area A next available position information 801, 802,
803 recording calibration area B next available position information 1301 power calibration area inner
side next available position information
<Relationship among the wavelength, numerical aperture
and mark length>
[G308] The relationship among the wavelength, numerical
aperture and length of a mark/space of a higher recording
density disc B is as follows.
[0309] Where the shortest mark length 1is TM nm and the
shortest space length is TS nm, (shortest mark length
shortest space length) P is represented as (TM + TS) nm. In
the case of 17 modulation, P = 27 + 2T = 4T, Where the three
parameters, 1i.e., the laser light wavelength A (405 nm & 5 nm,
i.e., 400 to 410 nm), the NA {(0.85 x 0.01, i.e., 0.84 to

0.86), and the length P of the shortest mark + the shortest
space (in the case 0f 17 modulation, P = ZT + 2T = 47T because
the shortest length is 27T) are used, when the reference T
decreases to fulfill P < A/ZNA, the spatial freguency of the
shortest mark exceeds the OTF cutoff frequency.
[0310] The reference T corresponding toe the OTF cutoff
frequency when NA = 0.85 and A = 405 nm is:

T = 405/(2 x 0.85)/4 = 59.558 nm. (When P > A/2NA, the

spatial freguency of the shortest mark is lower than the OTF
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1302 power calibration area outer side next available position information 1701, 1705, 1709power
calibration end position information 1702, 1706, 1710power calibration next available position
information 1703, 1707, 1711strategy calibration end position

cutoff frequency.)

(03113 In this manner, merely by increasing the recording
linear density, the S/N ratio is detericrated by the limit of
the optical resclution. The deterioration of the S/N ratio
caused by increasing the number of information recording
layers may be occasionally intolerable from the viewpoint of
the system margin. As described above, the deterioration of
the S/N ratio is conspicuous especially where the freguency
of the shortest mark is higher than the OTF cutoff frequency.
(03127 In the above, the frequency of the reproduction
signal of the shortest mark and the OTF cutcff frequency are
compared in relation with the recording density. When the
density improvement 1is more advanced, a reccrding density
(recording linear density, recording capacity) corresponding
to each case can be set by the principle described above
based on the relatioconship Dbetween the frequency of the
reproduction signal of the next sghortest mark (alsc the
shortest mark next to the next shortest mark {also the next
shortest mark and the recording marks which become gradually

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

<Recording density and the number cf lavers>

[0313] For a BD usable with laser light having a
wavelength of 405 nm and an objective lens having a numerical
aperture of 0.85, the following can be congidered as a
specific recerding capacity per layer in the case where the
frequency of the shortest mark is in the vicinity of the OTF
cutoff: about 2% GB {(e.g., 29.0 GB *+ 0.5 GB or 29 GB + 1 GB,
etec.) or larger, about 20 GB {e.g., 30.0 GB + 0.5 GB or 30 GB
* 1 GB, etc.} cr larger, about 31 GB {(s.g., 31.0 GBE £ (.5 GB
or 31 ¢B * 1 GB, etc.) or larger, about 32 GB {e.g., 32.0 GR
£ 0.5 GB or 32 GB £ 1 GB, etc.) or larger, and the like.

[0314] In the case where the frequency of the shortest
mark 1s eqgual to or higher than the OTF cutoff, the following
can be considered as a recording capacity per layer: about
32 GB {e.g., 32.0G6B £ 0.5 GB or 32 GB + 1 GER, etc.) or
larger, about 33 GB (e.g., 33.0 GB * 0.5 GB or 33 GR % 1 GB,
etc.) or larger, about 33.3 GB {(e.g., 33.3 GB z 0.5 GB or
33.3 GB + 1 GB, etc.) or larger, about 33.4 GB {e.g., 33.4 GR

t 0.5 GB or 33.4 GB + 1 GB, etc.) or larger, about 34 GB
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each of the plurality of recording layers has a first calibration area and a second calibration area
located outer to the first calibration area; the first calibration area located in each of the first
through N-th recording layers is located at a different radial position from a radial position of the first
calibration area in each of the other recording layers; and the second calibration area located in
each of the first through Nth recording layers is located at the same radial position as a radial position
of the second calibration area in each of the other recording layers. 2. The information recording

medium of cl&inP1 wheteitt £Farying rate SWidtR of & feddidifig powsr usetiFor the SedshtEEdlibration

area is equal to or smaller than a varying rate width of a recording power used for the first calibration
area. 3. Thednformation recording mediynyof ¢claim 4, whereinzthedfirstthrough Nathrecording

layers are each assigned physical addresses;

larger, and the like.

[G315] Especially where the reccrding density is about
33.3 GB, a recording capacity of about 100 GB (99.9 GB) 1is
realized with three layers. Where the recording density is
about 33.4 GB, a recording capacity of 100 GB or qgreater
(100.2 GB) 18 realized with three lavers. This generally
matches the recording capacity of a BD including four layers
each having a recording density of 25 GB. For exanple, where
the recording density is 33 GB, 33 x 3 = 9% GB, which is
different from 100 GB by 1 GB (egqual to or less than 1 GB).
Where the recording density is 34 GB, 34 x 2 = 102 GB, which
is different from 100 GB by 2 GB (egqual to or less than 2 GB).
Where the recording density is 33.3 GB, 33.3 x 3 = 9%.9 GB,
which 1s different from 100 GB by 0.1 GB ({(egual to or less
than 0.1 GB}. Where the recording density is 33.4 GRB, 33.4 x
3 = 100.2 GB, which 1s different from 100 GB by 0.2 GB ({(eqgual

to or less than 0.2 GB).

[031¢6] As described above, when the recording density is
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the physical addresses in the first recording layer are assigned in an ascending order from an inner
side toward an outer side, the physical addresses in the second recording layer are assigned in an
ascending order from the outer side toward the inner side, and the physical addresses in the third
recording layer are assigned in an ascending order from the inner side toward the outer side; and
the first calibration area and the second calibration area located in the first recording layer are used
from the outer side toward the inner side, the first calibration area and the second calibration area
located in thésgicbhd Feecrting layercaredssed fronp e inper sidetowarti thielouter sithe canethe first
calibration area and the second calibration area located in the third recording layer are used from the

outer side toyward the innerside, . 4. A reqgrdingmethod,focrecording informpation anthe .,

information recording medium of claim 1, the recording method comprising the steps of:  performing
recording calibration in at least one of the first calibration area and the second calibration area; and
recording inforfatieh DR ithe ifforfiatidh feco i frfddiufimbised oft a FEsitetithe retording v

calibration.
which 1s suppressed from being expanded significanrtly but

realizes a recording capacity of 100 GB or greater, about
33.4 GB 1s realistically usable.

[0317] In this situation, there are the following
alternatives for the disc structure: including four layers
each having 25 GB, or including three layers each having 33
to 34 GE. When the number of layers increases, the
reproduction signal amplitude of each recording layer 1is
decreased {the S/N ratic 1s deteriorated) cr the influence of
multi-layer stray light ({signal from an adijacent recording
laver) 1s exerted, for example. A digc including three
layers each having 33 to 34 GB, as oppossed to a disc
incliuding four layers each having 25 GB, can realize a
recording capacity of about 100 GB while suppressing the
influence of the stray light as much as possible, i.e., with
a smaller number of layers {with three lavers as opposed to

four layers). Thus, a disc manufacture wishing to realize
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5. A reproduction method for reproducing information from the information recording medium of claim
1, wherein at least one of the first through N-th recording layers of the information recording medium
has a control area in which information on the information recording medium is recorded; the
reproduction method comprising the step of reproducing information on the information recording
medium from the control area. 6. A recording method for recording information on the information
recording medium of claim 1, wherein each of the plurality of recording layers has a recording
calibration a#éwusable fofsperférimifg aecordingcalibeationtosfintcar? dplifhal ragokding ¢ondition; and
by the recording method, the recording calibration is performed only on a k-th (k is an integer of 1 or

greater and N.or.smaller) rpeording layes af fhe.timing whep tecording is:performed an the kil

recording layer for the first

layers each having 33 to 34 GB. By contrast, a disc
manufacturer wishing te realize about 100 GB while keeping
the conventional format (the recording density of 25 GB) can
choosgse a disc including four layers each having 25 GB. In
this manner, manufacturers with different purposes can
realize tThe respective purposes with different structures.
This provides a certain degree of freedom in disc designing.

10318} Where the recording density per layer is about 30
to 32 GB, a recocrding capacity of 120 GB or greater 1is
realized with a four-layer disc although 100 GB is not
reached by a three-layer disc (about 90 to %6 GB). Where the
recording density is about 32 GB, a four-layer disc realizes
a recording capacity of about 128 GB. The numerical wvalue of
128 matches a power of 2 {seventh power of 2} which is
convenient to be processed by a computer. As comparsed to the
disc realizing about 100 GB with three layers, the disc
realizing about 128 CGB with four layers has less influence on

the reproduction characteristic of the shortest mark.
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[0319] Based on this, for expanding the reccrding density,

a plurality of recording densities may be provided (for

example, about 32 GB and about 33.4 GB) and combined with a

plurality of numbers of lavers. In this manner, the disc

manufacturers can be provided with a certain degree of

freedom in designing. For example, a manufacturer wishing to

increase the capacity while suppressing the influence of a

larger number of layers can choose to produce a three-laver

disc of about 100 GB. A manufacture wishing to increase the

capacity while suppressing the influence on the reproduction

characteristic can cheoose to produce a four-layver disc of

about 120 GB in which each of four layers has 30 to 32 GB.

INDUSTRIAL APPLICARILITY

[0320] An information recording medium according to the

present invention 1s applicable to a write once cptical disc

and a rewritable optical disc including a plurality of

récording layers.

03211 An information recording and reproduction method

according to the present invention 1s applicable to, for
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example, an optical disc drive apparatus capable of

performing recording to, or reproducing from, a write once

optical disc and a rewritable optical disc including a

plurality of recording layers.

REFERENCE SIGHNS LIST

[C322]

1 optical disc

2, 4, 6 recording layer

3, 5 intermediate laver

7 cover layer
i1 track
12 block
13 lead~in zone

14 data zone

15 lead-out zone

20, 21, 22, 23 power calibration area

30, 31, 32 strategy calibration area

40 reserved arca

50 OPC areas
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51

52

60,

70,

100

110

120

130

140

150

i51

152

153

154

i55

156

157

158

160

170

power calibration

strategy calibration

61, 62 recording calibration area A

71, 72 recording calibration area B

optical disc recording and reproduction apparatus

instruction processing section

optical head

laser contrel section

reccording compensation circuit

system contrcl section

recording calibration section

power calibration section

strategy calibration section

access position management section

recording control section

reproduction contrel section

recording calibration section A

recording calibration section B

mechanical control section
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180 I/0 bus

200 first recording calibration area

201  second recording calibration area

210 reserved area

400 area on which recording is performed

401, 402 range influenced by laser light

410, 411 range irradiated with laser light

700  TDMS
701 BDs
702 DFL

710 identifier

711 DFL pesiticn information

712, 713, 714 power calibration area next available position

information

715, 716, 717 strategy calibration area next available

position information

718 other informatilion

800 recording calibration area A next available position

information

801, 802, 803 recording calibration area B naxt availlable
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position information

1301 power calibration area inner side next available

position information

1302 power calibration area outer side next available

position information

1761, 1705, 1709 power calibration end position
information

1702, 1706, 1710 power calibration next available position
information

1703, 1707, 1711 strategy calibration end position

information

1704, 1708, 1712 strategy calibration next availlable

position information

2700 power change ratic
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CLATMS

1. An information recording medium, wherein data 1is

recorded on at least one of a plurality of recording layers

by laser light dincident on a surface of the information

recording medium, wherein:

the plurality of recording layers include & first

recording layer, and second through N-th recording layers (N

i3 an integer of 3 or greater) which are sequentially located

in a directicon from the first recording layer toward the

surface on which the laser is incident;

each of the plurality of recording layers has a first

calibration area and a second calibration area located outer

to the first calibration area;

the first calibration area located in each of the first

through N-th recording layers 1is located at a different

radial position from & radial ©position of the first

calibration area in each of the other recording lavers; and

the second calibration area located in each of the first

through N-th recording layers is located at the same radial

position as a radial positicn of the second calibraticon area
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in each of the other recording layers.

2. The information recording medium of claim 1, wherein

a varying rate width of a recording power used for the second

calibration area 1s equal to or smaller than a varying rate

width of a recording power used for the first calibration

area.

3. The information recording medium of claim 1, wherein:

the first through N-th recording layers are each

assigned physical addresses;

the physical addresses in the first recording layer are

assigned in an ascending corder from an inner side toward an

outer side, the physical addresses in the second recording

laver are assigned in an ascending order from the outer side

toward the inner side, and the physical addresses in the

third recording laver are assigned in an ascending order from

the inner side toward the outer side; and

the first calibration area and the second calibration

area leocated In the first recording layer are used from the
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outer side toward the inner side, the first calibration area
and the second calibration area located in the second
recording layer are used from the inner side toward the outer
side, and the first calibration area and the second
calibration area located in the third recording layer are

used from the outer side toward the inner side.

4. A recording method for reccrding information on the
information recording medium of claim 1, the recocrding method
comprising the steps of:

performing recording calibration in at least one of the
first calibraticn area and the second calibration area; and

recording information on the information recording

medium based on a result of the recording calibration.

5. A reproduction method for reproducing information
from the information recording medium of claim 1, wherein at
least one of the first through N-th recording layers of the
information recording medium has a control area in which

information on the information recording medium is recorded;
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the reproducticon mathed comprising the step of
reproducing information on the information recording medium

from the control area.

6. A recording method for recording information on the
information recording mediuvm of claim 1, wherein each of the
pilurality of recording layers has a recording calibration
area usable for performing recording calibration to find an
cptimal recording condition; and

by the recording method, the recording calibration is
performed only cn a k-th (k is an integer c¢f 1 or greater and
N or smaller) recording layer at the timing when recording is

performed on the k-th recording laver for the first time.
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