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INFORMATION RECORDING MEDIUM, 
RECORDING APPARATUS, REPRODUCTION 
APPARATUS, RECORDING METHOD, AND 

REPRODUCTION METHOD 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an information recording 
medium comprising at least two recording layers, a method 
and apparatus for recording information onto this medium, 
and a method and apparatus for reproducing information 
from this medium. 

2. Description of the Related Art 
In recent years, various information recording media 

capable of recording/reproducing a large volume of informa 
tion have been developed. Among them are optical discs. 
One of large-capacity optical discs is a double-sided optical 
disc comprising two optical discs attached together, on each 
of which information can be recorded/reproduced. However, 
there is a demand for a high-capacity, but single-sided and 
random access disc which is unnecessary to be turned upside 
down, for some applications, such as computers, games, and 
the like, in which random accesses are frequently required. 

To meet such a demand (high-capacity, random access, 
and single-sided), it is conceivable that a single optical disc 
comprises at least two recording layers (such an optical disc 
may be referred to be a multi-layer optical disc), where 
information can be recorded/reproduced on a single side 
thereof. FIG. 7 shows a con?guration of an optical disc 700 
comprising two recording layers on one side thereof. 

The optical disc 700 comprises a ?rst recording layer 704, 
a ?rst substrate 705, an adhesive resin 703, a second sub 
strate 701, and a second recording layer 702. Each substrate 
is provided with a clamp hole 706. The second recording 
layer 702 comprises a disc information area 707 and a data 
area 710. The ?rst recording layer 704 comprises a disc 
information area 711 and a data area 714. 

The ?rst substrate 705 and the second substrate 701 are 
made of polycarbonate resin or the like and are used to pro 
tect the ?rst recording layer 704 and the second recording 
layer 702, respectively. The disc information area 707 is a 
reproduction-only area in which information, such as the 
power of laser light to irradiate the second recording layer 
702 and the like. The disc information area 711 is also a 
reproduction-only area in which information, such as the 
power of laser light to irradiate the ?rst recording layer 704, 
and the like. 

In the optical disc 700, for example, reproduction is ?rst 
performed on the ?rst recording layer 704, immediately fol 
lowed by reproduction on the second recording layer 702. In 
this case, reproduction operations are performed in the fol 
lowing order: information indicating the power of laser light 
for irradiating the ?rst recording layer 704 is reproduced 
from the disc information area 711; reproduction is per 
formed on the data area 714; information indicating the 
power of laser light for irradiating the second recording layer 
702 is reproduced from the disc information area 707; and 
reproduction is performed on the data area 710. 
Alternatively, reproduction operations are performed on the 
disc information area 711, the disc information area 707, the 
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2 
data area 714, and the data area 710 in this order. Thus, in the 
optical disc 700, information has to be reproduced from two 
disc information areas. Therefore, it takes a long time to 
reproduce information of the parameters and formats of the 
optical disc 700, such as the power of laser light and the like. 

SUMMARY OF THE INVENTION 

According to an aspect of the present invention, an infor 
mation recording medium comprises a plurality of recording 
layers, and a ?rst disc information area for storing param 
eters relating to access to the plurality of recording layers 
and formats relating to the plurality of recording layer. The 
?rst disc information area is provided in a ?rst recording 
layer which is one of the plurality of recording layers. 

In one embodiment of this invention, an address is 
assigned to the ?rst recording layer. The parameters include 
?rst irradiation power information indicating a value of a 
power of laser light which is used to irradiate the ?rst record 
ing layer, and second irradiation power information indicat 
ing a value of power of laser light which is used to irradiate 
another recording layer of the plurality of recording layers. 
An address assigned to an area in the ?rst disc information 
area in which the ?rst irradiation power information is stored 
is smaller than an address assigned to an area in the ?rst disc 
information area in which the second irradiation power 
information is stored. 

In one embodiment of this invention, the information 
recording medium further comprises a second disc informa 
tion area for storing the same information as that of the ?rst 
disc information area. The second disc information area is 
provided in a second recording layer which is another one of 
the plurality of recording layers. 

In one embodiment of this invention, the ?rst recording 
layer is one of the plurality of recording layers which is 
previously determined as a reference layer. 

In one embodiment of this invention, the plurality of 
recording layers are recording layers capable of recording 
information. The information recording medium further 
comprises a plurality of adjustment areas for adjusting 
recording power of laser light. Each of the plurality of 
recording layers comprises a corresponding one of the plu 
rality of adjustment areas. 

In one embodiment of this invention, the second recording 
layer which is one of the plurality of recording layers com 
prises a buffer area. The buffer area is contiguous to one of 
the plurality of adjustment areas included in the second 
recording layer. 

In one embodiment of this invention, each of the plurality 
of adjustment areas is provided at a different radial position 
on the information recording medium. 

In one embodiment of this invention, the information 
recording medium is a write-once-read-many information 
recording medium. 

In one embodiment of this invention, an address is 
assigned to the ?rst recording layer. The parameter includes 
a ?rst parameter relating to access to the ?rst recording layer 
and a second parameter relating to another one of the plural 
ity of recording layers. An address assigned to an area in the 
?rst disc information area in which the ?rst parameter is 
stored is smaller than an address assigned to an area in the 
?rst disc information area in which the second parameter is 
stored. 

In one embodiment of this invention, an address is 
assigned to the ?rst recording layer. The format includes a 
?rst format relating to the ?rst recording layer and a second 
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format relating to another one of the plurality of recording 
layers. An address assigned to an area in the ?rst disc infor 
mation area in Which the ?rst format is stored is smaller than 
an address assigned to an area in the ?rst disc information 
area in Which the second format is stored. 

In one embodiment of this invention, the information 
recording medium further comprises a data area for record 
ing user data provided in the plurality of recording layers. 
The plurality of recording layers are provided With a groove. 
A second recording layer Which is one of the plurality of 
recording layers, comprises an area at the same radial posi 
tion as that of the ?rst disc information area and an area in 
Which a portion of the data area is provided. A type of a 
shape of the groove provided in the area at the same radial 
position of the ?rst disc information area is the same as a 
type of a shape of the groove provided in the area in Which 
the portion of the data area is provided. 

In one embodiment of this invention, a groove is provided 
in at least a portion of the plurality of recording layers. A 
second recording layer Which is one of the plurality of 
recording layers does not have a groove in an area Which is a 
portion of the second recording layer at the same radial posi 
tion as that of the ?rst disc information area. 

In one embodiment of this invention, the plurality of 
recording layers are provided With a groove. A type of a 
shape of the groove in a second recording layer Which is one 
of the plurality of recording layers is constant. 

In one embodiment of this invention, the ?rst recording 
layer is provided With a groove. A type of a shape of the 
groove in the ?rst disc information area is different from a 
type of a shape of the groove in an area Which is a portion of 
the ?rst recording layer and is contiguous to the ?rst disc 
information area. 

In one embodiment of this invention, the ?rst recording 
layer is provided With a groove. The groove in the ?rst disc 
information area is continuous to the groove in an area 
Which is a portion of the ?rst recording layer and is contigu 
ous to the ?rst disc information area. 

In one embodiment of this invention, the parameter and 
the format include a ?rst parameter and a ?rst format relating 
to the ?rst recording layer. The parameter and the format 
include a second parameter and a second format relating to a 
second recording layer Which is another one of the plurality 
of recording layers. The length of an area of the ?rst disc 
information area storing the ?rst parameter and the ?rst for 
mat is the same as the length of an area of the ?rst disc 
information area storing the second parameter and the sec 
ond format. 

In one embodiment of this invention, the parameter 
includes a ?rst parameter relating to access to the ?rst 
recording layer. The format includes a ?rst format relating to 
the ?rst recording layer. A set of the ?rst parameter and the 
?rst format are continuously repeated and stored in the ?rst 
disc information area. 

In one embodiment of this invention, the parameter 
includes a second parameter relating to access to a second 
recording layer Which is another one of the plurality of 
recording layers. The format includes a second format relat 
ing to the second recording layer. A set of the second param 
eter and the second format are continuously repeated and 
stored in the ?rst disc information area. 

In one embodiment of this invention, the disc information 
area stores a plurality of sets of the parameter and the format. 

In one embodiment of this invention, the information 
recording medium further comprises a dummy area. The 
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4 
plurality of sets includes a ?rst set and a second set. The 
dummy area is provided between a ?rst area provided With 
the ?rst set, the ?rst area being a portion of the ?rst disc 
information area, and a second area provided With the sec 
ond set, the second area being another portion of the ?rst 
disc information area. 

In one embodiment of this invention, the length of the 
dummy area is an integral multiple of the length of an area 
storing a set of the parameter and the format. 

In one embodiment of this invention, an address is 
assigned to the ?rst recording layer. The parameter includes 
a ?rst parameter relating to access to the ?rst recording layer 
and a second parameter relating to another one of the plural 
ity of recording layers. The ?rst parameter and the second 
parameter are stored in an area having the same address 
assigned thereto in the ?rst disc information area. 

In one embodiment of this invention, an address is 
assigned to the ?rst recording layer. The format includes a 
?rst format relating to access to the ?rst recording layer and 
a second format relating to another one of the plurality of 
recording layers. The ?rst format and the second format are 
stored in an area having the same address assigned thereto in 
the ?rst disc information area. 

According to another aspect of the present invention, a 
recording apparatus for recording information into an infor 
mation recording medium is provided. The information 
recording medium comprises a plurality of recording layers, 
and a disc information area for storing parameters relating to 
access to the plurality of recording layers and formats relat 
ing to the plurality of recording layer. The disc information 
area is provided in a ?rst recording layer Which is one of the 
plurality of recording layers. The recording apparatus com 
prises an optical head capable of optically writing the infor 
mation into the information recording medium, and a control 
section for controlling recording using the optical head. The 
recording comprises the steps of reproducing the parameter 
and the format stored in the disc information area, and 
recording the information into the information recording 
medium based on the reproduced parameter and format. 

According to another aspect of the present invention, a 
reproduction apparatus for reproducing information from an 
information recording medium is provided. The information 
recording medium comprises a plurality of recording layers, 
and a disc information area for storing parameters relating to 
access to the plurality of recording layers and formats relat 
ing to the plurality of recording layer. The disc information 
area is provided in a ?rst recording layer Which is one of the 
plurality of recording layers. The reproduction apparatus 
comprises an optical head capable of optically reading the 
information from the information recording medium, and a 
control section for controlling reproduction using the optical 
head. The reproduction comprises the steps of reproducing 
the parameter and the format stored in the disc information 
area, and reproducing the information from the information 
recording medium based on the reproduced parameter and 
format. 

According to another aspect of the present invention, a 
recording method for recording information into an informa 
tion recording medium is provided. The information record 
ing medium comprises a plurality of recording layers; and a 
disc information area for storing parameters relating to 
access to the plurality of recording layers and formats relat 
ing to the plurality of recording layer. The disc information 
area is provided in a ?rst recording layer Which is one of the 
plurality of recording layers. The recording method com 
prises the steps of reproducing the parameter and the format 
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stored in the disc information area, and recording the infor 
mation into the information recording medium based on the 
reproduced parameter and format. 

According to another aspect of the present invention, a 
reproduction method for reproducing information from an 
information recording medium is provided. The information 
recording medium comprises a plurality of recording layers, 
and a disc information area for storing parameters relating to 
access to the plurality of recording layers and formats relat 
ing to the plurality of recording layer. The disc information 
area is provided in a ?rst recording layer which is one of the 
plurality of recording layers. The reproduction method com 
prises the steps of reproducing the parameter and the format 
stored in the disc information area, and reproducing the 
information from the information recording medium based 
on the reproduced parameter and format. 

Thus, the invention described herein makes possible the 
advantages of providing an information recording medium 
comprising at least two recording layers, a method and appa 
ratus for recording information onto this medium, and a 
method and apparatus for reproducing information from this 
medium, in which the time required to reproduce informa 
tion from the disc information area is reduced. 

These and other advantages of the present invention will 
become apparent to those skilled in the art upon reading and 
understanding the following detailed description with refer 
ence to the accompanying ?gures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram showing an optical disc according to 
an embodiment of the present invention. 

FIG. 2A is a diagram showing a track provided in a 
recording layer according to an embodiment of the present 
invention. 

FIG. 2B is a diagram showing a track provided in a 
recording layer according to an embodiment of the present 
invention. 

FIG. 2C is a diagram showing a track provided in a 
recording layer according to an embodiment of the present 
invention. 

FIG. 2D is a diagram showing a track provided in a 
recording layer according to an embodiment of the present 
invention. 

FIG. 3 is a diagram showing a recording/reproduction 
apparatus according to an embodiment of the present inven 
tion. 

FIG. 4A is a diagram showing a track according to an 
embodiment of the present invention. 

FIG. 4B is a diagram showing a track according to an 
embodiment of the present invention. 

FIG. 4C is a diagram showing a recording/reproduction 
apparatus according to an embodiment of the present inven 
tion. 

FIG. 4D is a diagram showing assignment of an address 
number to a recording layer according to an embodiment of 
the present invention. 

FIG. 5A is a diagram showing a track according to an 
embodiment of the present invention. 

FIG. 5B is a diagram showing a track according to an 
embodiment of the present invention. 

FIG. 5C is a diagram showing a recording/reproduction 
direction according to an embodiment of the present inven 
tion. 

FIG. 5D is a diagram showing assignment of an address 
number to a recording layer according to an embodiment of 
the present invention. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
FIG. 6A is a layout of information in a disc information 

area. 

FIG. 6B is a layout of information in a disc information 
area. 

FIG. 7 is a diagram showing a conventional optical disc. 
FIG. 8A is a diagram showing an optical disc according to 

an embodiment of the present invention. 

FIG. 8B is a diagram showing an optical disc according to 
an embodiment of the present invention. 

FIG. 9 is a diagram showing an optical disc according to 
an embodiment of the present invention. 

FIG. 10 is a diagram showing an optical disc according to 
an embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereinafter, the present invention will be described by 
way of illustrative examples with reference to the accompa 
nying drawings. 

FIG. 1 shows a rewritable optical disc 100 comprising two 
recording layers according to an embodiment of the present 
invention. 

The optical disc 100 comprises a ?rst recording layer 104, 
a ?rst substrate 105, an adhesive resin 103, a second sub 
strate 101, and a second recording layer 102. Each of these 
substrates and recording layers is provided with a clamp hole 
106. The optical disc 100 has a data area 115 for recording 
user data. The data area 115 is provided on both the ?rst 
recording layer 104 and the second recording layer 102. The 
data area 115 comprises a data area 110 provided on the 
second recording layer 102 and a data area 114 provided on 
the ?rst recording layer 104. 
The second recording layer 102 comprises a disc informa 

tion area 107, a defect list area 108, a spare area 109, and the 
data area 110. The ?rst recording layer 104 comprises a disc 
information area 111, a defect list area 112, a spare area 113, 
and the data area 114. The ?rst recording layer 104 and the 
second recording layer 102 are provided on one side of the 
optical disc 100. 
The disc information area 107, the defect list area 108, the 

spare area 109, the data area 110, the disc information area 
111, a defect list area 112, the spare area 113, and the data 
area 114 are each provided with a plurality of spiral or con 
centric tracks. Each track comprises a plurality of sectors. 

Here, the defect list area 108, the spare area 109, the data 
area 110, the defect list area 112, the spare area 113, and the 
data area 114 are recordable areas, in which the track is 
meandering at predetermined cycles. Referring to FIG. 2B, 
address information or the like can be recorded in a track by 
overlaying a high frequency component onto a track. 
Alternatively, referring to FIG. 2C, address information or 
the like can be recorded in a track by replacing a segment 
corresponding to an integral multiple of a predetermined 
cycle with a segment having a different frequency. 
Alternatively, referring to FIG. 2D, the segment correspond 
ing to an integral multiple of a predetermined cycle may be 
replaced with a segment having a partially modulated pattern 
or a combination of frequencies. By forming the type of the 
shape of the track as shown in FIG. 2C and FIG. 2D, the 
continuity of the phase of a predetermined cyclic portion can 
be obtained, thereby making it easy to perform clock extrac 
tion. 

The ?rst substrate 105 and the second substrate 101 are 
made of a polycarbonate resin or the like and are used to 
protect the ?rst recording layer 104 and the second recording 
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layer 102, respectively. The disc information area 107 is a 
reproduction-only area in which parameters for accessing 
the ?rst recording layer 104 and the second recording layer 
102 and the formats of the ?rst recording layer 104 and the 
second recording layer 102. The disc information area 111 is 
also a reproduction-only area in which the parameters for 
accessing the ?rst recording layer 104 and the second 
recording layer 102 and the formats of the ?rst recording 
layer 104 and the second recording layer 102. The disc infor 
mation area 111 records the same information as that in the 
disc information area 107. The optical disc 100 may have 
both the disc information area 107 and the disc information 
area 111, or either the disc information area 107 or the disc 
information area 111. The parameters stored in the disc 
information area 107 are second irradiation power informa 
tion indicating the irradiation power of laser light appropri 
ate for the second recording layer 102 when information is 
recorded/reproduced on the second recording layer 102 and 
?rst irradiation power information indicating the irradiation 
power of laser light appropriate for the ?rst recording layer 
104 when information is recorded/reproduced on the ?rst 
recording layer 104. The parameters stored in the disc infor 
mation area 111 are second irradiation power information 
indicating the irradiation power of laser light appropriate for 
the second recording layer 102 when information is 
recorded/reproduced on the second recording layer 102 and 
?rst irradiation power information indicating the irradiation 
power of laser light appropriate for the ?rst recording layer 
104 when information is recorded/reproduced on the ?rst 
recording layer 104. Information is recorded on the medium 
by modulating a track radially for each cycle or every double 
cycle. An example of the track modulation is shown in FIG. 
2A. 

In this embodiment, different types of track shapes are 
used between reproduction-only areas (e.g., the disc infor 
mation area 107, the disc information area 111, and the like) 
and recordable areas (e.g., the defect list area 108, the spare 
area 109, the data area 110, the defect list area 112, the spare 
area 113, the data area 114, and the like). Thereby, an optical 
disc recording/reproduction apparatus can determine 
whether or not an area on which reproduction is currently 
performed is a disc information area, before reproducing an 
address recorded in a track. 

For multi-layer discs, the irradiation power of laser light, 
which is used to reproduce information from the farthest 
layer from the disc surface through which the information is 
read, may be greater than the irradiation power of laser light, 
which is used for single-layer discs. Therefore, the irradia 
tion power of laser light for single-layer discs may be insuf 
?cient to reproduce an address from the optical disc 100, 
however, maybe suf?cient to recognize a disc information 
area based on the waveform of a tracking signal derived 
from the shape of a track groove. 

FIG. 3 shows a recording/reproduction apparatus 300 
according to an embodiment of the present invention. The 
recording/reproduction apparatus 300 comprises a spindle 
motor 302, an optical head 303, a laser light control circuit 
304, a servo circuit 305, a reproduction binarization circuit 
306, a digital signal processing circuit 307, a recording com 
pensation circuit 308, and a CPU 309. 

The optical disc 100 (FIG. 1) is loaded into the recording/ 
reproduction apparatus 300. The recording/reproduction 
apparatus 300 transmits and receives information to and 
from a host PC 310. 

The CPU 309, which functions as a control section, con 
trols all operations within the recording/reproduction appa 
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8 
ratus 300 in accordance with a built-in control program. As 
described below, the optical head 303 optically writes infor 
mation the optical disc 100 on the one side thereof. Further, 
the optical head 303 can optically read information from the 
optical disc 100. The CPU 309 controls recording and repro 
duction operations using the optical head 303. The recording 
operation comprises the steps of reproducing parameters and 
formats stored in a disc information area, and recording user 
data onto the optical disc 100 based on the reproduced 
parameters and formats. The reproduction operation com 
prises the steps of reproducing parameters and formats 
stored in a disc information area, and reproducing user data 
recorded in the optical disc 100 based on the reproduced 
parameters and formats. Hereinafter, an operation of the 
recording/reproduction apparatus 300 will be described in 
detail. 
The optical disc 100 has the structure as described above 

with reference to FIG. 1. The spindle motor 302 is a motor 
for rotating the optical disc 100. The optical head 303 irradi 
ates the optical disc 100 with laser light as well as converts 
laser light 311 re?ected from the optical disc 100 into an 
electric signal to output a reproduction signal. The laser light 
control circuit 304 controls the power of laser light output 
from the optical head 303. These controls are carried out in 
accordance with instructions from the CPU 309. The servo 
circuit 305 controls the position of the optical head 303, 
focusing, tracking, and the rotation of the spindle motor 302. 
The reproduction binarization circuit 306 subjects the repro 
duction signal (data information is an addition signal, and 
information relating to a disc information area or an address 
is a subtraction signal) obtained by the optical head 303 to 
ampli?cation and binarization to produce a binarization. A 
built-in PLL (not shown) is used to produce clocks synchro 
nized with the binarization signal. 

The digital signal processing circuit 307 subjects the bina 
rization signal to a predetermined demodulation process or 
error correction process. When recording data, the recorded 
data is subjected to an error correction code addition process 
and a predetermined demodulation process to produce the 
modulated data. The recording compensation circuit 308 
converts the modulated data into optically modulated data 
comprising a pulse sequence, and also delicately adjusts the 
pulse width or the like of the optically modulated data based 
on the reproduction signal of a disc information area or data 
previously stored in the CPU 309 so as to produce a record 
ing pulse signal suitable for pit formation. The CPU 309 
controls all operations within the recording/reproduction 
apparatus 300. The host PC 310 comprises a computer (not 
shown), an application (not shown), an operating system 
(not shown), and the like, and requests the recording/ 
reproduction apparatus 300 to perform recording or repro 
duction of information. 
When the optical disc 100 is loaded into the recording/ 

reproduction apparatus 300, information is reproduced from 
the disc information area 111 using the optical head 303 
having a predetermined irradiation power in accordance 
with signals from the laser light control circuit 304 and the 
servo circuit 305. In this case, the reproduced information is 
irradiation power information which is used to record infor 
mation (user data) into the ?rst recording layer and the sec 
ond recording layer, or the like. When requested by the host 
PC 310, the CPU 309 sets a recording power for recording 
information into the ?rst recording layer 104 to the laser 
light control circuit 304, and controls the optical head 303 to 
record information into the data area 114. Next, the CPU 309 
sets a recording power for recording information into the 
second recording layer 102 to the laser light control circuit 






















