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(57) ABSTRACT 

An optical recording method for recording information by 
irradiating an optical disc medium with a modulated write 
pulse train of laser light variable over a plurality of power 
levels such that a plurality of marks are formed on the optical 
disc medium, edge positions of each of the marks and a space 
between adjacent two of the marks being utilized for record 
ing of the information. The optical recording method includes 
the steps of encoding record data to generate encoded data 
which is a combination of marks and spaces; classifying the 
encoded data according to a combination of a mark length of 
the mark, a space length of a first space that immediately 
precedes the mark, and a space length of a second space that 
immediately Succeeds the mark; generating a write pulse train 
for forming the mark, in which at least one of a leading end 
edge position, a trailing end edge position and a pulse width 
of the write pulse train is changed according to a classification 
result; and irradiating the optical disc medium with the write 
pulse train generated to form the plurality of marks on the 
optical disc medium. 
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OPTICAL RECORDING METHOD, OPTICAL 
RECORDING DEVICE, MASTER MEDIUM 

EXPOSURE DEVICE, OPTICAL 
INFORMATION RECORDING MEDIUM, AND 

REPRODUCING METHOD 

0001. This application is a continuation of U.S. patent 
application Ser. No. 12/918,108 filed on Aug. 18, 2010, which 
is hereby incorporated herein by reference in its entirety, and 
which is a S371 of PCT/JP2009/005141 filed Oct. 5, 2009. 

TECHNICAL FIELD 

0002 The present invention relates to an optical recording 
method, an apparatus for manufacturing a master through an 
exposure process (master-manufacturing exposure appara 
tus), an optical information recording medium, and a repro 
duction method, which utilize maximum likelihood decod 
ing, Such as PRML, an optical recording apparatus. More 
particularly, the present invention relates to a technique of 
writing under the optimum recording conditions by making 
adaptive recording compensation at least according to the 
space lengths of spaces preceding and Succeeding an inter 
ested mark, for the purpose of decreasing optical intersymbol 
interference or thermal interference which is caused in 
recording of or reproduction from a mark or pit sufficiently 
Smaller thana lightbeam spot diameter. The present invention 
also relates to a technique of writing under the optimum 
recording conditions by making adaptive recording compen 
sation according to the space lengths of spaces preceding and 
Succeeding an interested mark and, additionally, to the mark 
lengths of marks preceding and Succeeding the spaces. 
0003. In this specification, a direction in which the light 
beam spot at a certain position advances over an optical 
information recording medium (optical disc medium) due to 
rotation of the optical disc medium is referred to as “posterior/ 
Succeeding, and the opposite direction relative to the certain 
position is referred to as “anterior/preceding”. 

BACKGROUND ART 

0004. The conventional standards of optical disc media 
include BD-R, BD-RE, DVD-RAM, DVD-R, DVD-RW, CD 
RW, etc. There are techniques of rewriting or incrementally 
writing data by emitting laser light onto optical disc media 
that comply with these standards. 
0005. An example of the optical disc media is a phase 
change type optical disc medium. Recording of information 
on the phase change type optical disc medium is realized by 
irradiating an optical disc medium with laser light to locally 
change the state of atomic bond of the material of a thin film 
formed over a recording film Surface by the injected energy of 
the laser light. The irradiation with the laser light changes the 
physical state of the irradiated portion and its Surrounding 
portion. Specifically, the crystalline state and the amorphous 
state have different reflectances. Since a difference in the 
physical state leads to a difference in reflectance, information 
can be read out by irradiating the disc with laser light of a 
Sufficiently smaller power than that used in recording and 
detecting the amount of change in reflectance. 
0006 Examples of the phase change type optical disc 
media include writable media in which a GeSbTe material is 
used as a recording material for a recording layer as well as 
write-once optical disc media. Patent Document No. 1 dis 
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closes the technique of using a material containing Te-O-M 
(where M is at least one of metal elements, metalloid ele 
ments, and semiconductor elements) as an example of a 
recording material of a write-once optical disc medium. 
Te—O-M means a composite material which contains Te, O, 
and M. Immediately after the formation of a film, particles of 
Te, Te-M, and M are uniformly and randomly dispersed 
throughout a matrix of TeC2. Irradiation of a thin film formed 
of this recording material with converged laser light causes 
the film to melt, so that crystals of Te or Te-M of large grain 
size are deposited. The difference of the optical state which is 
caused in this process can be detected as a signal. This enables 
the mode of recording in which writing is allowed only once 
in the same area, so-called write-once recording. 
0007. In an alloy-based write-once type disc made of an 
inorganic material, two thin films made of different materials 
are combined into a laminate. These materials are heated by 
laser to melt, so that the materials are mixed together into an 
alloy, whereby record marks are formed. Another known 
write-once optical disc medium of a different type is, for 
example, Such that the temperature is increased by laser irra 
diation to thermally decompose organic pigments of an 
organic pigment material, and the change in refractive index 
of the decomposed part is decreased, whereby information is 
recorded. In the write-once optical disc medium of this type, 
the principle of recording of information is such that the 
optical path length of a light transmission layer appears 
shorter in a recorded portion than in a unrecorded portion, and 
as a result, this acts like concavity/convexity pits of for 
example, a read-only CD on incoming light. 
0008. In the case of mark edge recording on such a write 
once optical disc medium, the optical disc medium is irradi 
ated with laser light consisting of a plurality of pulse trains 
called “multi-pulses’ such that the physical state of marks is 
changed, whereby information is recorded. The information 
is read out by detecting the change in reflectance. 
0009. A conceivable measure for increasing the recording 
density is, typically, to decrease the length of marks and 
spaces which are to be recorded. However, especially when 
the length of a space with a preceding record mark becomes 
shorter, thermal interference occurs such that the heat at the 
trailing end of the recorded mark is conducted via a space 
portion to affect the increase in temperature at the leading end 
of a Succeeding mark and, on the other side, the heat at the 
leading end of the recorded mark affects the cooling cycle at 
the trailing end of a preceding mark. Even when marks and 
spaces formed on a track have correct lengths, edge positions 
of short marks and spaces which are detected in reproduction 
are disadvantageously different from their ideal values due to 
the frequency characteristics of a reproduction optical system 
which depend on the size of the light spot. The deviation of the 
detected edges from the ideal values is generally referred to as 
“intersymbol interference'. When the sizes of marks and 
spaces are Smaller than the light spot, large intersymbol inter 
ference occurs, and accordingly, the jitter in reproduction is 
increased, so that the bit error rate is increased. 
(0010. At the recording densities of DVDs and BDs, the 
sizes of marks which are to be recorded and the distance 
between the marks and spaces are small. As a result, the heat 
of laser light applied for formation of a mark not only reaches 
an intended area for the mark but also is conducted via spaces 
to reach the areas for preceding and Succeeding marks, so that 
deformation can sometimes occur in the shapes of the inter 
ested mark and the preceding and Succeeding marks. There 
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are known techniques capable of avoiding this problem, for 
example, the technique of changing the leading pulse position 
of a multi-pulse for forming a mark is changed according to 
the relationship of the length of the interested mark and the 
length of the space with the Succeeding mark, and the tech 
nique of changing the trailing pulse position of a multi-pulse 
for forming a mark is changed according to the relationship of 
the length of the interested mark and the length of the space 
with the preceding mark. These techniques are techniques of 
recording marks with preliminary corrections made to ther 
mal interference of record marks. This mode of control of the 
write pulse position is generally referred to as adaptive 
recording compensation. Patent Document No. 2 discloses 
Such an adaptive recording compensation method. 
0011. According to the recording method disclosed in 
Patent Document No. 2, a writable optical disc medium con 
tains pre-recorded write pulse reference conditions, by which 
the positional information of write pulses are specified for 
respective one of the plurality of possible combinations of the 
length of a mark, the length of the space with the Succeeding 
mark, or the length of the space with the preceding mark. The 
recording apparatus retrieves the write pulse reference con 
ditions from the optical disc medium to modify currently 
effective write pulse reference conditions such that optimum 
write pulse conditions are obtained. 
0012 Specifically, the positional information established 
for all the combinations of the mark lengths and the space 
lengths of the space with the Succeeding mark included in the 
write pulse reference conditions, or for all the combinations 
of the mark lengths and the space lengths of the space with the 
preceding mark included in the write pulse reference condi 
tions, are used to perform the first test writing in a predeter 
mined track on an optical disc medium. The information 
recorded in the first test writing is reproduced, and the first 
jitter is detected in the reproduced signal. And, a change of the 
first predetermined amount is uniformly added to the posi 
tional information for respective ones of all the combinations 
of the mark lengths and the space lengths included in the write 
pulse reference conditions. The uniformly-changed posi 
tional information is used to perform the second test writing 
in a predetermined track on the optical disc medium. The 
information recorded in the second test writing is reproduced, 
and the second jitter is detected in the reproduced signal. In 
the last step, the first jitter and the second jitter are compared, 
and the positional information which is used in the test writ 
ing that generated the Smaller jitter is selected to obtain the 
write pulse conditions. 
0013 The recording control methods disclosed in Patent 
Document No. 3, Patent Document No. 4, and Patent Docu 
ment No. 5 use maximum likelihood decoding methods, 
rather than utilizing the jitters in the reproduced signal, in 
order to pre-estimate a signal pattern from a reproduced sig 
nal waveform. While comparing the reproduced signal wave 
form and the estimated signal waveform, the reproduced sig 
nal is converted by decoding into decoded data which has a 
signal path of the maximum likelihood. This method is used 
to optimize the recording parameters in recording of infor 
mation such that the probability of occurrence of errors in the 
process of maximum likelihood decoding is minimized. 
0014. In recent years, the higher densities of optical disc 
media cause the lengths of record marks to come closer to the 
optical resolution limit, so that increase in intersymbol inter 
ference and deterioration in SNR (Signal to Noise Ratio) 
become larger. 
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0015 The system margin can be maintained by using a 
higher-order PRML method. For example, Non-Patent Docu 
ment No. 1 discloses that, under the circumstances where the 
optical system is such that the laser wavelength is 405 nm and 
the NA (Numerical Aperture) of the objective lens is 0.85 and 
the recording density is such that a Blu-ray Disc (BD) with the 
diameter of 12 cm has the capacity of 25 GB (Giga Byte) per 
data recording layer, the system margin can be secured by 
employing the PR (1, 2, 2, 1) ML method. This document also 
discloses that, in the case where the linear density is increased 
by decreasing the mark length in order to secure a storage 
capacity of 25GB or larger (e.g., 30 GB or 33.4 GB) per data 
recording layer while the same optical system is used, it is 
necessary to employ the PR(1.2.2.2.1)ML method. 
0016 Patent Document No. 6, Patent Document No. 7 and 
Patent Document No. 8 disclose optimizing various recording 
parameters by adjusting the write pulse waveform based on 
the quality of composite data in accordance with the PR(1.2, 
2.2.1)ML method in the case of a high recording density 
optical disc medium of 30 GB to 33.4 GB per data recording 
layer. 
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SUMMARY OF INVENTION 

Technical Problem 

0026. However, the techniques described in the above 
documents entail various problems as described below. 
0027 First, in a level determination method as described 
in Patent Document No. 2 in which “0” and “1” in a repro 
duced signal are determined relative to the slice level, the 
amplitude of the reproduced signal is very Small in the repro 
duction from a mark or pit sufficiently smaller than the light 
spot diameter. Therefore, signals reproduced from short 
marks and short spaces occur near the slice level and are 
therefore susceptible to noise or intersymbol interference, 
resulting in frequent determination errors in the level deter 
mination. 
0028 Second, in the case of edge position adjustment of 
record marks which is performed using a high-order PRML 
method of high reproducibility as described in Patent Docu 
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ment No. 3, Patent Document No. 4, and Patent Document 
No. 5, high density recording at the recording density of 30 
GB to 33.4 GB per data recording layer is not successful 
under the recording conditions where the SN ratio (SNR) is 
maximum, resulting in reduction of the recording and repro 
duction margins in the whole optical disc system. 
0029. Third, in the recording compensation methods 
described in Patent Document No. 6, Patent Document No. 7 
and Patent Document No. 8, write pulse adjustment is only 
performed on positional information corresponding to the 
combination of the mark length of an interested mark and the 
space length of a space with the Succeeding interested mark, 
or the combination of the mark length of an interested mark 
and the space length of a space with the preceding interested 
mark. These methods are not applicable to mark lengths 
which are beyond the optical resolution that depends on the 
mark size and the light spot size. 
0030. As described above, none of the above conventional 
techniques is capable of forming or reading marks with Suf 
ficient accuracy in the case of high density recording which is 
beyond the optical resolution. As a result, Sufficient data 
recording layer density and reliability cannot be realized. 
0031 One of the objects of the present invention is to 
provide an optical recording method and optical recording/ 
reproduction apparatus capable of precise compensation for 
thermal interference and optical intersymbol interference 
during recording in or reproduction from an optical disc 
medium. 
0032. Another one of the objects of the present invention is 
to improve the system margin of an optical disc medium. 
Specifically, in the case of high linear density recording 
where the shortest mark length is approximately 0.124 um to 
0.111 um, as is the case with a Blu-ray Disc (BD) with the 
diameter of 12 cm and the capacity of 30 GB or 33.4 GB per 
data recording layer, and Such an optical system is used that 
the wavelength is 405 nm and the NA (Numerical Aperture) 
of the objective lens is 0.85, adaptive compensation is made 
on the write pulse conditions of an interested mark according 
to the length of the preceding or/and Succeeding space and the 
length of the preceding or/and Succeeding mark, based on 
reproduced information which is maximum likelihood 
decoded using the PR(1.2.2.2.1)ML method, with the view of 
reducing optical intersymbol interference orthermal interfer 
ence which can cause adverse effects in high density record 
ing, Such that high quality record marks are formed, and the 
system margin of the optical disc medium is improved. 

Solution to Problem 

0033 According to an optical recording method of the 
present invention, an optical disc medium is irradiated with a 
modulated write pulse train of laser light variable over a 
plurality of power levels such that a plurality of marks are 
formed on the optical disc medium, edge positions of each of 
the marks and a space between adjacent two of the marks 
being utilized for recording of the information. The method 
includes the steps of encoding record data to generate 
encoded data which is a combination of marks and spaces: 
classifying the encoded data according to a combination of a 
mark length of a mark, a space length of a first space with the 
Succeeding mark, and a space length of a second space with 
the preceding mark; generating a write pulse train for forming 
the mark, in which at least one of a leading end edge position, 
a trailing end edge position, and a pulse width of the write 
pulse train is changed according to a result of the classifica 
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tion; and irradiating the optical disc medium with the gener 
ated write pulse train to form the plurality of marks on the 
optical disc medium. 
0034. The step of classifying may include classifying the 
encoded data according to a combination of a mark length of 
a shortest mark, the space length of the first space, and the 
space length of the second space. 
0035. The step of classifying may include classifying the 
encoded data according to a combination of the following 
conditions: the mark length of the mark; whether the space 
length of the first space is “n” or “n+1 or longer'; and whether 
the space length of the second space is “n” or “n+1 or longer, 
where n is a shortest space length. 
0036. When the combination for the classification is a 
combination of the mark length of the mark, the space length 
of the first space and the space length of the second space, the 
step of classifying may include classifying the first space into 
any of predetermined M space length classes (M is an integer 
equal to or greater than 1), and classifying the second space 
into any of predetermined N space length classes (N is an 
integer equal to or greater than 1, and MzN). 
0037. The step of classifying may include classifying the 
encoded data by space length into four space length classes 
for the first space, “n”, “n+1”, “n+2, and “n+3 or longer', 
and two space length classes for the second space, “n” and 
“n+1 or longer”, where n is a shortest space length, and the 
step of generating may include changing the leading end edge 
position of the write pulse train according to the result of the 
classification. 
0038. The step of classifying may include classifying the 
encoded data by space length into two space length classes for 
the first space, “n” and “n+1 or longer, and four space length 
classes for the second space, “n”, “n+1”. “n+2, and “n+3 or 
longer, where n is a shortest space length, and the step of 
generating may include changing the trailing end edge posi 
tion of the write pulse train according to the result of the 
classification. 

0039. The step of classifying may include classifying the 
encoded data by space length into four space length classes 
for the first space, “n”, “n+1”, “n+2, and “n+3 or longer', 
and two space length classes for the second space, “n” and 
“n+1 or longer”, where n is a shortest space length, and the 
step of generating may include changing the pulse width of 
the write pulse train according to the result of the classifica 
tion. 

0040. The step of classifying may include, if the mark 
length of the mark is longer than a shortest mark length, 
classifying the encoded data according to at least any one of 
a combination of the mark length and the first space length 
and a combination of the mark length and the second space 
length. 
0041. The optical recording method further includes the 
steps of generating an analog signal from the optical disc 
medium and generating a digital signal from the analog sig 
nal; reshaping a waveform of the digital signal; maximum 
likelihood decoding the reshaped digital signal based on a 
PRML (Partial Response Maximum Likelihood) method; 
generating a binary signal which represents a result of the 
maximum likelihood decoding; and detecting a shift amount 
in the waveform of the reshaped digital signal based on the 
reshaped digital signal and the binary signal. The step of 
generating the write pulse train may include changing, based 
on a result of the detection of the shift amount, at least one of 
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the leading end edge position, the trailing end edge position, 
and the pulse width of the write pulse train for the formation 
of the plurality of marks. 
0042. The step of detecting may include detecting the shift 
amount in the waveform of the digital signal by a comparison 
of the encoded data and the binary signal, and the step of 
generating the write pulse train may include changing at least 
one of the leading end edge position, the trailing end edge 
position, and the pulse width of the write pulse train. 
0043. The step of generating the write pulse train may 
include changing a position of at least one of first to third 
pulse edges counted from the leading end and first to third 
pulse edges counted from the trailing end according to the 
result of the classification. 
0044) The following formula preferably holds: 

ML3/NAx0.26 

where w is a wavelength of the laser light, NA is a numerical 
aperture of an objective lens, and ML is a shortest mark 
length. 
0045. The shortest mark length ML is preferably 0.128um 
or less. 
0046. The laser light wavelength w is preferably in the 
range of 400 nm to 410 nm, and the NA is preferably in the 
range of 0.84 to 0.86. 
0047. An optical recording apparatus of the present inven 
tion is configured to record information by irradiating an 
optical disc medium with a modulated write pulse train of 
laser light variable over a plurality of power levels such that a 
plurality of marks are formed on the optical disc medium, 
edge positions of each of the marks and a space between 
adjacent two of the marks being utilized for recording of the 
information. The apparatus includes: an encoding section 
configured to encode record data to generate encoded data 
which is a combination of marks and spaces; a classification 
section configured to classify the encoded data according to a 
combination of a mark length of a mark, a space length of a 
first space with the Succeeding mark, and a space length of a 
second space with the preceding mark; a recording waveform 
generating section configured to generate the write pulse train 
for forming the mark in which at least one of a leading end 
edge position, a trailing end edge position, and a pulse width 
of the write pulse train is changed according to the result of 
the classification; and a laser driving section configured to 
irradiate the optical disc medium with the generated write 
pulse train to form the plurality of mark on the optical disc 
medium. 
0048. The optical recording apparatus may further 
include: a PRML processing section configured to receive a 
digital signal generated from an analog signal reproduce from 
an optical disc medium, to reshape a waveform of the digital 
signal, and to maximum likelihood decode the reshaped digi 
tal signal based on a PRML (Partial Response Maximum 
Likelihood) method; a shift detecting section configured to 
detect a shift amount in the waveform of the digital signal 
based on a binary signal which represents a result of the 
maximum likelihood decoding and the reshaped digital sig 
nal; and a recording compensation section configured to 
change, based on a result of the detection of the shift amount, 
at least one of the leading end edge position, the trailing end 
edge position, and the pulse width of the write pulse train for 
the formation of the plurality of marks. 
0049. A master-manufacturing exposure apparatus of the 
present invention is configured to record information by irra 
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diating an optical disc medium which is a resist-coated mate 
rial disc with a modulated write pulse train of laser light 
variable over a plurality of power levels such that a plurality 
of marks are formed on the optical disc medium, edge posi 
tions of each of the marks and a space between adjacent two 
of the marks being utilized for recording of the information. 
The apparatus includes: an encoding section configured to 
encode record data to generate encoded data which is a com 
bination of marks and spaces; a classification section config 
ured to classify the encoded data according to a combination 
of a mark length of a mark, a space length of a first space with 
the Succeeding mark, and a space length of a second space 
with the preceding mark; a recording waveform generating 
section configured to generate the write pulse train for form 
ing the mark in which at least one of a leading end edge 
position, a trailing end edge position, and a pulse width of the 
write pulse train is changed according to a result of the clas 
sification; and a laser driving section configured to irradiate 
the optical disc medium with the generated write pulse trainto 
form the plurality of marks on the optical disc medium. 
0050. There is provided an optical disc medium in which 
information is to be recorded based on the above-described 
optical recording method, wherein the optical disc medium 
contains information about the classification in a predeter 
mined area. 
0051. There is provided a method for manufacturing an 
optical disc medium in which information is to be recorded 
based on the above-described optical recording method, the 
method including the step of forming a predetermined area in 
which information about the classification is to be recorded. 
0.052 There is provided a method for reproducing infor 
mation from an optical disc medium in which the marks are to 
be recorded based on the above-described optical recording 
method, the method including the step of reproducing the 
information by irradiating the optical disc medium with laser 
light. 

ADVANTAGEOUSEFFECTS OF INVENTION 

0053 As described above, according to the optical record 
ing method of the present invention, each mark which is to be 
recorded is classified according to the mark length of the mark 
and the lengths of its preceding and Succeeding spaces or/and 
the lengths of marks preceding and Succeeding the spaces. 
The positions of pulse edges of a write pulse train for record 
ing of each mark are changes according to a result of the 
classification, whereby a write pulse signal is controlled. This 
enables precise control of the leading end position or trailing 
end position of a mark which is to be formed on a track of the 
optical disc medium. Specifically, the leading end position 
and the trailing end position of the mark can be strictly con 
trolled with a consideration for optical intersymbol interfer 
ence orthermal interference which can cause adverse effects 
in high density recording at a linear density that is beyond the 
OTF (Optical Transfer Function) limit that depends on the 
shortest mark length and the light spot diameter. This 
increases the reliability of the recording and reproduction 
operations, so that high-density, high-capacity recording 
media can be realized while the sizes of the information 
recording apparatus and the recording media can be 
decreased. 
0054 More specifically, in the case of high linear density 
recording where the shortest mark length is approximately 
0.124 um to 0.111 um, as is the case with a Blu-ray Disc (BD) 
with the diameter of 12 cm and the capacity of 30 GB or 33.4 
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GB per data recording layer, and Such an optical system is 
used that the laser wavelength is 405 nm and the NA (Numeri 
cal Aperture) of the objective lens is 0.85, the write pulse 
conditions of the recording/reproduction apparatus are deter 
mined based on information reproduced using the PR(1.2.2, 
2,1)ML method such that intersymbol interference or thermal 
interference which can cause adverse effects in high density 
recording is compensated for. As a result, high quality record 
marks can be formed, and the system margin of the optical 
disc medium can be improved. 
0055 Considering the effects of heat on the preceding and 
Succeeding spaces, the anterior-side pulse edges of laser irra 
diation pulses, such as dTF1 and dTF2, are susceptible to heat 
from the preceding space that is one of the spaces closer to 
these pulse edges. In other words, the record mark is suscep 
tible to thermal interference according to the length of the 
preceding space. In an extended recording compensation 
method of the present invention, a shortest mark (2T) is 
recorded with recording compensation being made according 
to the lengths of the preceding and Succeeding spaces. In the 
case of changing the anterior-side pulse edges, such as dTF1 
and dTF2, pulse width TF2 between dTF1 and dTF2, or pulse 
width TE2 between dTE2 and dTE3, thermal interference can 
be decreased more effectively by making the recording com 
pensation in Such a manner that the number of classes for the 
recording compensation as to the length of the preceding 
space is larger than the number of classes for the recording 
compensation as to the length of the Succeeding space. Also, 
by decreasing the number of classes of the length of the 
Succeeding space, the total number of classes in the recording 
compensation table can be decreased. Thus, increases in LSI 
complexity can be avoided, and the efforts in learning in the 
recording learning process can be reduced. 
0056 Considering the effects of heat on the preceding and 
Succeeding spaces, the posterior-side pulse edges of laser 
irradiation pulses, such as dTE1 and dTE2, are susceptible to 
heat from the Succeeding space that is one of the spaces closer 
to these pulse edges. In other words, the record mark is 
Susceptible to thermal interference according to the length of 
the Succeeding space. In an extended recording compensation 
method of the present invention, a shortest mark (2T) is 
recorded with recording compensation being made according 
to the lengths of the preceding and Succeeding spaces. In the 
case of changing the posterior-side pulse edges, such as dTE1 
and dTE2, thermal interference can be decreased more effec 
tively by making the recording compensation in Such a man 
ner that the number of classes for the recording compensation 
as to the length of the Succeeding space is larger than the 
number of classes for the recording compensation as to the 
length of the preceding space. Also, by decreasing the number 
of classes of the length of the preceding space, the total 
number of classes in the recording compensation table can be 
decreased. Thus, increases in LSI complexity can be avoided, 
and the efforts in learning in the recording learning process 
can be reduced. 

0057 By arranging the classification for the space length 
of a space with a succeeding interested mark and the space 
length of a space with the preceding interested mark by the 
combination of two classes, “shortest space length (n) and 
'space length longer than the shortest space length (n+1 or 
longer), the thermal interference can be decreased more 
effectively. If the space with the preceding interested mark or 
with the Succeeding interested mark is a space of the shortest 
space length (n), a mark preceding or Succeeding the inter 
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ested mark is closer, so that the interested mark is particularly 
Susceptible to heat from the preceding or Succeeding mark. In 
view of such, the classification is arranged by the combina 
tion of two classes, “shortest space length (n) and 'space 
length longer than the shortest space length (n+1 or longer)'. 
and different adjustment amounts are allocated to the case of 
“shortest space length (n) and the case of “space length 
longer than the shortest space length (n+1 or longer). So that 
more precise adjustment is possible in the case of the shortest 
space length (n). As a result, the thermal interference can be 
reduced more effectively. 

BRIEF DESCRIPTION OF DRAWINGS 

0.058 FIG. 1 is a diagram which illustrates an entire con 
figuration of an optical information recording/reproduction 
device of an embodiment of the present invention. 
0059 FIG. 2 is a diagram which illustrates a configuration 
of an optical information recording medium of an embodi 
ment of the present invention. 
0060 FIG. 3 is a timing chart regarding a recording 
method of an embodiment of the present invention. 
0061 FIG. 4 is a timing chart which illustrates the rela 
tionship between the mark lengths and the waveforms of the 
write pulse train according to an embodiment of the present 
invention. 
0062 FIG. 5 is another timing chart which illustrates the 
relationship between the mark lengths and the waveforms of 
the write pulse train according to an embodiment of the 
present invention. 
0063 FIG. 6 is a graph which illustrates the relationship 
between OTF and the spatial frequency in an optical system 
according to an embodiment of the present invention. 
0064 FIG. 7 is a schematic diagram which illustrates the 
relationship between the light spot diameter and the recorded 
marks according to an embodiment of the present invention. 
0065 FIG. 8 is a flowchart of an optical recording method 
of an embodiment of the present invention. 
0.066 FIG. 9 is a diagram which illustrates an example of 
control of a write pulse train according to an embodiment of 
the present invention. 
0067 FIG. 10 illustrates examples of values set for the 
write pulse conditions according to an embodiment of the 
present invention. 
0068 FIG. 11 is a diagram which illustrates another 
example of control of a write pulse train according to an 
embodiment of the present invention. 
0069 FIG. 12 illustrates examples of values set for the 
write pulse conditions according to an embodiment of the 
present invention. 
(0070 FIG. 13 illustrates examples of values set for the 
write pulse conditions according to an embodiment of the 
present invention. 
0071 FIG. 14 is a diagram which illustrates state transi 
tion rules which are defined by RLL(1.7) record code and 
equalization method PR(1.2.2.2.1). 
0072 FIG. 15 shows a trellis diagram which corresponds 
to the State transition rules according to an embodiment of the 
present invention. 
0073 FIG. 16 is a graph which illustrates an example of a 
PR equalization ideal waveform shown in Table 1 according 
to an embodiment of the present invention. 
0074 FIG. 17 is a graph which illustrates an example of a 
PR equalization ideal waveform shown in Table 2 according 
to an embodiment of the present invention. 
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0075 FIG. 18 is a graph which illustrates an example of a 
PR equalization ideal waveform shown in Table 3 according 
to an embodiment of the present invention. 
0076 FIG. 19 illustrates other examples of values set for 
the write pulse conditions according to an embodiment of the 
present invention. 
0077 FIG. 20 is a diagram which illustrates an example of 
a PR equalization ideal waveform shown in Table 1 and the 
relationship between the waveform and a recorded mark 
according to an embodiment of the present invention. 
0078 FIG. 21 is a diagram which illustrates an example of 
a PR equalization ideal waveform shown in Table 2 and the 
relationship between the waveform and a recorded mark 
according to an embodiment of the present invention. 
007.9 FIG.22 is a diagram which illustrates an example of 
a PR equalization ideal waveform shown in Table 3 and the 
relationship between the waveform and a recorded mark 
according to an embodiment of the present invention. 
0080 FIG. 23 is a diagram which illustrates an example of 
a result of comparison of an error portion with a correct 
pattern according to an embodiment of the present invention. 
0081 FIG. 24 is a flowchart which illustrates the proce 
dure of optimizing the write pulse conditions for an optical 
information recording medium according to an embodiment 
of the present invention. 
0082 FIG. 25 is a diagram which illustrates an entire 
structure of a master-manufacturing exposure apparatus 
according to an embodiment of the present invention. 
0083 FIG. 26 is a diagram which illustrates a stack con 
figuration of a three-layer optical disc medium. 

DESCRIPTION OF EMBODIMENTS 

0084. Hereinafter, embodiments of the present invention 
are described with reference to the accompanying drawings. 
The embodiments are described with examples of a write 
once, phase-change type optical disc medium (especially, 
BD-R (write-once Blu-ray Disc)) used as a recording 
medium. Note that this does not mean that the recording 
medium is limited to any particular type. The type of the 
recording medium is nonlimiting so long as it is of such a type 
that information is recorded by injecting energy into the 
recording medium to form marks or pits which have different 
physical properties from unrecorded part. For example, the 
techniques described herein are commonly applicable to 
rewritable optical disc media (e.g., BD-REs (rewritable Blu 
ray Discs)). The techniques described herein are also com 
monly applicable to heat-mode recording on an inorganic 
resist coating, as is the case with a master-manufacturing 
exposure apparatus called a PTM (Phase Transition Master 
ing) apparatus that is employed for manufacture of a read 
only disc consisting of a Substrate with concavity/convexity 
pits and a reflection film formed thereover. 
0085 Examples of the major optical conditions and disc 
configuration employed in a recording method of the present 
invention are as follows: 

I0086 laser light: in the wavelength range of 400 nm to 
410 nm, e.g., at 405 nm, 

I0087 objective lens: in the NA range of 0.84 to 0.86, 
e.g., NA=0.85: 

I0088 track pitch: 0.32 um; thickness of cover layer on 
which laser is incident: 50 um to 110 um; shortest mark 
length of optical disc medium (2T): 0.111 um to 0.124 
um, e.g., 0.111 Lum (this also applies to the shortest 
space); and 
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0089 modulation method for modulation data which is 
to be recorded: 17PP modulation. 

0090. In the case of recording with such a line density that 
the aforementioned shortest mark length is 0.111 um, the 
storage capacity per data recording layer of an optical disc 
medium with the diameter of 12 cm is approximately 33.4 
GB. When this is applied to a 3-layer disc, the total storage 
capacity of the disc is approximately 100 GB. When this is 
applied to a 4-layer disc, the total storage capacity of the disc 
is approximately 134 GB. The description below is provided 
on the assumption that the shortest mark length is 0.111 um. 
Strictly, this value is 0.11175 um, which is 34 of the shortest 
mark length of BDS, 0.1490 um. Note that the concept of the 
present invention is not limited to this value. 
0091. In the case of recording with such a line density that 
the shortest mark length is 0.116 um, the storage capacity per 
data recording layer of an optical disc medium with the diam 
eter of 12 cm is approximately 32 GB. When this is applied to 
a 3-layer disc, the total storage capacity of the disc is approxi 
mately 96 GB. When this is applied to a 4-layer disc, the total 
storage capacity of the disc is approximately 128GB. 
0092 Under the same conditions, when the shortest mark 
length is 0.124 um, the storage capacity per data recording 
layer is 30 GB. When this is applied to a 3-layer disc, the total 
storage capacity of the disc is approximately 90 GB. When 
this is applied to a 4-layer disc, the total storage capacity of 
the disc is approximately 120 GB. 
0093. The speed of recording is assumed to be, for 
example, twice that of a BD with the channel rate of 132 MHz 
(Tw=7.58 ns). 
0094 FIG. 1 shows an example of the entire configuration 
of an optical recording/reproduction device of the present 
invention. The optical recording/reproduction device 
includes a light emitting section 102, a preamplifying section 
103, a waveform equalizing section 105, a PRML processing 
section 108, an edge shift detecting section 109, a write pulse 
condition calculating section 110, a recording pattern gener 
ating section 111, a recording compensation section 112, and 
a laser driving section 113. The functions of respective ones 
of these components are described in conjunction with a 
reproduction process and a recording process of the optical 
recording/reproduction device which will be described later. 
(0095. Note that FIG. 1 shows an optical disc medium 101 
which is an optical information recording medium, although 
the optical disc medium 101 may not be a constituent of the 
optical recording/reproduction device. 
0096 FIG. 2 shows the data structure of the optical disc 
medium 101. The optical disc medium 101 includes, from the 
outer perimeter to the inner perimeter, a data area 1001, a 
recording condition learning area 1002 for learning of the 
recording conditions, and an initial value storage area 1003 
on the inner side of the recording condition learning area. 
0097. The data area 1001 is an area used for a user to 
actually store data in the optical disc medium. The recording 
condition learning area 1002 is an area used for test recording 
which is carried out before actual recording of data in the user 
area for correction of errors in recording power and write 
pulse conditions which would be caused due to startup or 
temperature variation. The initial value storage area 1003 is a 
read-only area which contains information preset to each 
disc, Such as recommended values for the recording power, 
recommended values for the write pulse conditions, the linear 
velocity of recording, the disc ID, etc. These pieces of infor 
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mation are recorded in the form of a molded structure on the 
disc Substrate using, for example, directions of track wob 
bling as a recording unit. 
0098. Hereinafter, the process of reproducing data from 
the optical disc medium 101 is described. 
0099. The light emitting section 102 is, for example, an 
optical pickup including a laser diode (LD) that is configured 
to emit a light beam onto the optical disc medium 101. 
0100. The optical pickup emits a light beam output from 
the laser diode onto a surface of an optical disc medium and 
receives reflected light. The received light is converted by a 
photodetector to an electric signal which is an analog repro 
duction signal. The analog reproduction signal is converted to 
a digital signal by the preamplifying section 103, an AGC 
section 104, the waveform equalizing section 105, and an A/D 
conversion section 106. The digital signal is sampled by a 
PLL (Phase Locked Loop) section 107 in clock cycles. The 
digital signal is input to the PRML (Partial Response Maxi 
mum Likelihood) processing section 108. The PRML pro 
cessing section 108 includes a maximum likelihood decoding 
section, for example, a Viterbi decoding section, which is 
configured to maximum likelihood decode the digital signal 
to generate a binary signal that represents a result of the 
maximum likelihood decoding. The binary signal is input to a 
shift detecting section 109. 
0101 Next, the process of recording data in an optical disc 
medium is described. In a recording (writing) operation, the 
pattern generating section 111 outputs an arbitrary code 
sequence in the form of an NRZI (Non Return to Zero Inver 
sion) signal. The write pulse condition calculating section 
110 establishes the write pulse conditions in the recording 
compensation section 112 according to a calculation result. 
The laser driving section 113 drives the laser diode provided 
inside the light emitting section 102 according to a signal of 
write pulse train that is converted based on the NRZI signal to 
record data at desired positions on the optical disc medium 
with varying recording power of the laser light. 
0102 FIGS. 3(a)-(f) are charts that illustrate marks and 
spaces of a record code sequence, and an example of a write 
pulse train generating operation for recording the marks and 
spaces in this optical recording/reproduction device. FIG. 
3(a) shows a waveform of a reference time signal 1201 which 
serves as a time reference for the recording operation. The 
reference time signal 1201 is a pulse clock with a period of 
Tw. FIG.3(b) shows an NRZI (Non Return to Zero Inverted) 
signal which is a record code sequence generated by the 
recording pattern generating section 111. Here, Twis a detec 
tion window width which is the minimum unit of changes in 
mark length and space length in the NRZI 1202. 
0103 FIG.3(c) shows an image of marks and spaces actu 
ally recorded on the optical disc medium. The spot of the laser 
light scans the marks and spaces of FIG. 3(c) from left to 
right. For example, a mark 1207 corresponds to “1”-level in 
the NRZI signal 1202 on a one-on-one basis and is formed so 
as to have a length proportional to that period. 
0104 FIG. 3(d) shows a count signal 1204. The count 
signal 1204 counts the time from the leading ends of the mark 
1207 and the space 1208 by the units of Tw. 
0105 FIG.3(e) is a schematic diagram of a classification 
signal 1205 in the pulse condition calculating section 110. In 
this example, encoded data is classified according to a com 
bination of five values, including the mark length of each 
mark, the space lengths of spaces with the preceding and 
Succeeding mark, and the mark lengths of marks with the 
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preceding space and Succeeding space. Here, the encoded 
data refers to record data which is encoded by a combination 
of marks and spaces. As for the classification, for example, 
“3-4-5-2-6' in FIG.3(e) means that: a mark of runlength 5Tw 
has a preceding 4Twspace; there is a mark of runlength 3Tw 
with the preceding 4Twspace; the mark of runlength 5Tw has 
a Succeeding 2Twspace; and there is a mark of runlength 6Tw 
with the preceding 2Tw space. Note that Tw is sometimes 
abbreviated as “T”, e.g., “2T”, “3T. The space length is 
sometimes identified by suffix 's', e.g., “4Ts’. The mark 
length is sometimes identified by suffix 'm', e.g., “2Tm'. 
0106 FIG.3(f) shows the waveform of a write pulse signal 
which corresponds to the NRZI signal 1202 of FIG.3(b). This 
waveform is an example of an optical waveform which is 
actually recorded. The write pulse signal 1206 is generated 
with reference to the count signal 1204, the NRZI signal 
1202, the classification signal 1205, and a recording compen 
sation table data output from the write pulse condition calcu 
lating section 110. 
0107. Note that, in this embodiment, the classification sig 
nal of FIG.3(e) is classified according to a combination of the 
five values, including the mark length of each mark, the space 
lengths of spaces with the preceding and Succeeding mark, 
and the mark lengths of marks with the preceding space and 
Succeeding space. However, as in an example which will be 
described later, the classification can be arranged by the com 
bination of three or four out of the five values including the 
mark length of each mark, the lengths of spaces immediately 
preceding and succeeding the mark, and the mark lengths of 
marks with the preceding space and Succeeding space. 
0.108 Next, a recording compensation method in the opti 
cal recording/reproduction device of the present embodiment 
is described. FIGS. 4(a)-(f) are diagrams generally illustrat 
ing the relationship between the mark length and the wave 
form of the write pulse signal 1206. FIG. 4(a) shows the 
waveform of the reference time signal 1201 which serves as 
the time reference in the recording operation. As previously 
described, the period of the reference time signal 1201 is Tw. 
FIG. 4(b) shows the count signal 1204 which is generated by 
a counter. The count signal 1204 counts the time from the 
leading end of the mark by the units of reference time Tw. The 
timings at which the count signal transitions to 0 correspond 
to the leading ends of marks or spaces. 
0109 FIGS. 4(c)-(f) show examples of the waveform of 
the write pulse signal 1206 during the formation of record 
marks. The level of the write pulse signal 1206 is modulated 
among three values, the peak power (PW) which is the highest 
level, the space power (Ps) which is a level for irradiation of 
space intervals, and the bottom power level (Pb) which is the 
lowest level. After the trailing end pulse, a cooling pulse is 
formed at the bottom power level. 
0110. In FIGS. 4(c)-(f), the vertical axis represents the 
power level at the time of laser emission, and the horizontal 
axis represents time. 
0111. Note that, although in this example the power level 

is modulated among three values, the cooling power level (Pc) 
which is taken for the cooling pulse that Succeeds the trailing 
end pulse and the bottom power level (Pb) for an intermediate 
pulse may have different levels, such that the power level can 
be modulated among four values in total. The bottom power 
level may be between the space power level and the peak 
power level although in FIG. 4 the bottom power level is 
lower than the space power level. Although in the case of a 
write-once optical disc medium the power level for irradia 
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tion of the space intervals is referred to as “space power', the 
power level is sometimes referred to as "erase power (Pe)' 
because erasure of previously-recorded marks in a rewritable 
optical disc medium by means of spaces is realized by erasing 
the recorded marks using the power for the space intervals. 
0112. In FIGS. 4(c)-(f), the write pulse signal for the 4Tw 
mark includes one intermediate pulse. However, as the mark 
length (code length) increases by the units of 1Tw, e.g., 5Tw, 
6Tw, and so on, the number of intermediate pulses accord 
ingly increases one by one. 
0113 A pulse which includes N-1 peak power level 
pulses as shown as an example in FIG. 4 is utilized for record 
ing of a mark with mark length N. Such a pulse is referred to 
as a so-called N-1 type write pulse. However, an N-2 type 
pulse, an N72 type pulse, a so-called castle-type write pulse 
which includes an intermediate power level between the two 
peak power levels, or a so-called L-type write pulse in which 
the second peak power level of the castle type is equal to the 
intermediate power level may be utilized. As a matter of 
course, the description presented below is applicable to these 
CaSCS. 

0114. An example of the L-type write pulse is now 
described. FIGS. 5(a)-(f) are diagrams generally illustrating 
the relationship between the mark length and the waveform of 
the write pulse signal 1206. FIG. 5(a) shows the waveform of 
the reference time signal 1201 which serves as the time ref 
erence in the recording operation. The period of the reference 
time signal 1201 is Tw. FIG. 5(b) shows the count signal 1204 
which is generated by a counter. The count signal 1204 counts 
the time from the leading end of the mark by the units of 
reference time Tw. The timings at which the count signal 
transitions to 0 correspond to the leading ends of marks or 
Spaces. 
0115 FIGS. 5(c)-(f) show examples of the waveform of 
the write pulse signal 1206 during the formation of record 
marks. The level of the write pulse signal 1206 is modulated 
among four values, the peak power (PW) at the highest level. 
the intermediate power (Pn) at an intermediate power level, 
the space power (Ps) at a level for irradiation of space inter 
vals, and the cooling power level (Pc) at the lowest level. 
0116. The intermediate power level may be lower than the 
space power level although it is higher than the space power 
level in FIG. 5. Although in the case of a write-once optical 
disc medium the power level for irradiation of the space 
intervals is referred to as “space power', the power level is 
sometimes referred to as "erase power (Pe) because erasure 
of previously-recorded marks in a rewritable optical disc 
medium by means of spaces is realized by erasing the 
recorded marks using the power for the space intervals. 
0117 The adaptive recording compensation of the present 
invention uses a recording compensation table in which each 
mark is classified according to the combination of the mark 
length of an interested mark for which a write pulse train is 
generated; and the lengths of spaces with the preceding inter 
ested mark and Succeeding interested mark; and/or the 
lengths of marks immediately succeeding and preceding the 
spaces. And, a write pulse signal is generated in which the 
position of the first or second pulse edge counted from an end 
of a write pulse train for recording of each mark is changed 
according to a result of the classification by edge change 
amount dTF1, dTF2 or/and dTE1, dTE2. In this way, the 
leading end position or trailing end position of a mark is 
precisely controlled in the formation of the mark on the opti 
cal disc medium for recording of information. Thus, the lead 
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ing end position or trailing end position of the mark can be 
controlled more precisely with consideration for optical 
intersymbol interference and thermal interference as com 
pared with a conventional classification method where each 
mark is only classified according to the length of the mark and 
the length of a space with the Succeeding mark in terms of the 
leading end edge and according to the length of the mark and 
the length of a space with the preceding mark in terms of the 
trailing end edge. 
0118 Specifically, the classification in the recording com 
pensation table is arranged Such that, if an interested mark has 
the length of 2T (shortest mark) and the length of a space with 
the Succeeding interested mark is 2T (shortest space), the 
interested mark is further classified according to the length of 
a mark that immediately precedes the immediately preceding 
space. And, a write pulse signal is generated in which the 
position of the first, second, or third pulse edge counted from 
an end of a write pulse train for recording of each mark is 
changed according to a result of the classification by edge 
change amountdTF1, dTF2, dTF3 or/anddTE1, dTE2, dTE3. 
This is more effective in precisely controlling the leading end 
position or trailing end position of the mark in the formation 
of the mark on the optical disc medium for recording of 
information. 

0119 Likewise, the classification in the recording com 
pensation table is arranged Such that, if an interested mark has 
the length of 2T (shortest mark) and the length of a space with 
the preceding mark is 2T (shortest space), the interested mark 
is further classified according to the length of a mark that 
immediately succeeds the space. And, a write pulse signal is 
generated in which the position of the first, second, or third 
pulse edge counted from an end of a write pulse train for 
recording of the mark is changed according to a result of the 
classification by edge change amount dTF1, dTF2, dTF3 
or/and dTE1, dTE2, dTE3. This is more effective in precisely 
controlling the leading end position ortrailing end position of 
the mark in the formation of the mark on the optical disc 
medium for recording of information. 
0.120. As previously described, in the case where the short 
est mark (2T) and the shortest space (2T) consecutively occur, 
the recording compensation is made with classification by the 
lengths of the preceding and Succeeding marks into the 
classes of “shortest mark length (2T) and “longer than 2T. 
so that the number of classes for the recording compensation 
can be decreased. Also, the optical intersymbol interference 
and thermal interference can effectively be removed without 
increasing the complexity of the LSI configuration. Note that, 
in the case where the shortest 2T mark and the shortest 2T 
space consecutively occur, the recording compensation may 
be made with consideration for at least one of the mark length 
of the mark that precedes the preceding space and the mark 
length of the mark that succeeds the Succeeding space. 
I0121 The recording/reproduction device of the present 
invention uses an optical pickup which includes a semicon 
ductor laser with the laser wavelength of 405 nm and an 
objective lens of NA=0.85 and in which the laser power for 
reproduction is set to 1 mW. The disc configuration is a 
S-layer optical disc medium including three data recording 
layers counted from the incident side of laser, on and from 
respective ones of which information is recordable and repro 
ducible. Therefore, in the case where the effective spot diam 
eter of the laser during reproduction is the diameter of an area 
equal to 1/e 2 of the peak intensity of the Gaussian beam, the 
effective spot diameter is represented as 0.82x(WNA), which 
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is approximately 0.39 um. Thus, in Such an optical system, 
record marks including the shortest marks of 0.111 um are 
beyond the optical resolution limitat which the optical spot is 
capable of identifying marks. 
0122 The reproduction signal amplitude of a signal repro 
duced from a recorded mark using a light beam decreases as 
the recorded mark becomes shorter, and reaches 0 at the 
optical resolution limit. The inverse of this recorded mark is 
the spatial frequency. 
0123. The relationship between the spatial frequency and 
the signal amplitude is referred to as an OTF (Optical Transfer 
function). The signal amplitude linearly decreases as the spa 
tial frequency increases. The limitat which the signal ampli 
tude reaches 0 is referred to as OTF cutoff frequency. The 
OTF-spatial frequency relationship in the above-described 
optical system is illustrated in FIG. 6. In the case of the 
above-described optical system, the cutoff cycle of OTF is 
calculated from wavelength w and NA of the objective lens, 
which is WNAx0.5. Specifically, when 405 nm and NA=0. 
85, the cutoff cycle is 0.237 um. The shortest mark length is a 
half of the cutoff cycle, i.e., 0.1185 um. When the shortest 
mark length is 0.111 um or 0.116 um, recorded marks having 
a spatial frequency higher than the cutoff frequency are 
included, where marks can be optically reproduced up to the 
cutoff frequency. Therefore, reproduction and recording are 
difficult. The limit of the cutoff frequency varies due to varia 
tions in the optical pickup, deformation of the record mark, 
the mark shape, etc. When considering the other conditions 
than the specific numerical values of the present embodiment 
(w-405 nm, NA=0.85) under which the maximum spot size is 
achieved, for example, the laser wavelength of 410 nm, the 
objective lens NA=0.84, and the error of 5% due to the above 
described variations, /2 of the cutoff cycle of OTF is WNAX 
0.26-0.128um. Therefore, in recording of or reproduction 
from a mark of which the shortest mark length is approxi 
mately 0.128um or less, the optical intersymbol interference 
is non-negligible. 
0.124 FIGS. 7(a) and (b) are schematic diagrams which 
illustrate the relationship between the effective spot diameter 
of the light beam and the physical size of the recorded marks. 
In FIGS. 7(a) and (b), the light spot 501 is a spot of light 
converged on the disc Surface of the optical disc medium. The 
spot has a Gaussian beam shape with the diameter of 0.39 um. 
FIGS. 7(a) and (b) also show recorded marks 502,503, 504, 
505, 506, and 507 which have different lengths. FIG. 7(a) 
illustrates the relationship between recorded marks whose 
shortest mark length (2T) is 0.111 um and spaces. FIG. 7(b) 
illustrates the relationship between recorded marks whose 
shortest mark length (2T) is 0.149 um and spaces. When 
applied to a BD with the diameter of 12 cm, the example of 
FIG. 7(a) is equivalent to the storage capacity of 33.4 GB, and 
the example of FIG. 7(b) is equivalent to the storage capacity 
of 25 GB. 

0.125. When the light spot passes across a 2T mark, the 
effective light beam spot diameter at the recording density of 
FIG. 7(a) (equivalent to 33.4 GB) is equivalent to approxi 
mately 7T. In the case where data is reproduced from a 2T 
space with the Succeeding 2T mark and in the case where the 
length of a mark that immediately precedes the immediately 
preceding space is 2T or 3T or longer, the left side part of the 
light beam spot overlaps the immediately preceding mark, so 
that a reproduction signal is affected by the immediately 
preceding mark, resulting in occurrence of optical interSym 
bol interference. On the other hand, in reproduction from the 
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same 2T mark, in the case where the immediately preceding 
space has the length of 2T, the recording density of FIG. 7(b) 
(equivalent to 25 GB) only leads to occurrence of optical 
intersymbol interference which depends on the space lengths 
of the immediately preceding and Succeeding spaces. This is 
because the immediately preceding mark is outside the effec 
tive light beam spot diameter of the light spot, and therefore, 
the reproduction signal is not affected by the preceding mark. 
Also, in reproduction from a 2T mark, the same phenomenon 
occurs when the immediately Succeeding space is a 2T space. 
0.126 For the above reasons, in the case of a high density 
recording where the line density of record marks is equal to or 
beyond a certain value which is determined according to the 
relationship between the light beam spot diameter and the 
shortest mark length, an extended adaptive recording com 
pensation where recording compensation is made according 
not only to the lengths of spaces immediately preceding and 
Succeeding an interested mark but also to the lengths of marks 
immediately preceding and Succeeding the spaces (this is an 
extended version of a conventional adaptive recording com 
pensation where the pulse edges of the write pulse undergo 
adaptive compensation according to the mark length and the 
space length separately) is made such that not only thermal 
interference which can cause adverse effects in high density 
recording but also optical intersymbol interference can be 
compensated for. However, in the case where the extended 
adaptive recording compensation is made according to a com 
bination of the lengths of not only the immediately preceding 
and Succeeding spaces but also the preceding and Succeeding 
marks, the number of classes for the recording compensation 
is enormous, and accordingly, the process of calculating the 
recording compensation conditions takes a long period of 
time. Also, there are other demerits, such as a more compli 
cated LSI configuration. 
I0127. In the extended recording compensation method for 
optical disc media according to the present invention, 
extended recording compensation is made according to the 
mark length of the immediately preceding or/and immedi 
ately succeeding marks only when the mark interval which is 
determined according to the relationship between the light 
spot diameter and the shortest mark length is equal to or 
greater than a predetermined value. More specifically, in the 
case where the shortest mark length is 0.111 um, recording 
compensation of an interested mark is provided only when the 
space length of a space that immediately precedes or Succeeds 
the interested mark is 2T, and the recording compensation 
values are changed according to whether the length of the 
immediately preceding or/and immediately succeeding mark 
is “2T or “3T or longer'. This arrangement enables reduc 
tion in the number of classes for the recording compensation 
and efficient removal of optical intersymbol interference. 
I0128. Some types of optical disc media entail large effects 
of thermal interference due to diffusion of heat from the 
immediately preceding mark. In the case where the extensive 
recording compensation is applied to an optical disc medium 
in which such thermal interference from the preceding mark 
is large, the classification in the recording compensation table 
may be arranged by the lengths of the immediately preceding 
and Succeeding spaces and the length of the mark that pre 
cedes the immediately preceding space. That is, the classifi 
cation is arranged without consideration for the mark length 
of the succeeding mark, whereby the number of classes for 
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the recording compensation can be decreased. Therefore, the 
LSI can be simplified, and the thermal interference can be 
efficiently removed. 
0129. When the thermal interference from the immedi 
ately preceding or Succeeding mark is Small, the classification 
in the recording compensation table may be arranged by the 
lengths of spaces immediately preceding and Succeeding an 
interested markas well as by the mark length of the preceding 
or Succeeding mark. For example, the leading end edge of the 
write pulse train may be classified according to the length of 
an interested mark and the lengths of spaces immediately 
preceding and Succeeding the interested mark. The trailing 
end edge of the write pulse train may be classified according 
to the length of an interested mark and the lengths of spaces 
immediately preceding and Succeeding the interested mark. 
0130. In that classification procedure, the classification for 
the space length of a space with the Succeeding interested 
mark and the space length of a space with the preceding 
interested mark is arranged by the combination of at least two 
classes, “shortest space length (n) and 'space length longer 
than the shortest space length (n+1 or longer), whereby 
thermal interference can be reduced more effectively. When 
the space length of the space with the preceding or Succeeding 
interested mark is the shortest length (n), the interval between 
the interested mark and a preceding or Succeeding mark 
which is adjacent to the interested mark with the space inter 
posed therebetween decreases. Accordingly, the interested 
mark becomes more susceptible to heat produced in the for 
mation of the adjacent mark that precedes or succeeds the 
interested mark. In view of such, the classification is arranged 
by the combination of at least two classes, “shortest space 
length (n) and 'space length longer than the shortest space 
length (n+1 or longer), and different adjustment amounts are 
allocated to the shortest space length (n) and the space length 
longer than the shortest space length (n+1 or longer). In the 
case of the shortest space length (n), the adjustment is carried 
out Such that more precise adjustment is possible, and there 
fore, the thermal interference can be reduced more effec 
tively. In any classification method, the number of classes for 
the recording compensation can be reduced, so that the LSI 
can be simplified, and the thermal interference can be effi 
ciently removed. 
0131 Next, an extensive recording compensation method 
in the optical recording method of the present embodiment is 
described with reference to the flowchart of FIG. 8. 
0132 (a) First, record data is encoded to generate encoded 
data which is a combination of marks and spaces (S01). This 
encoded data corresponds to the NRZI signal 1202 of (b) of 
FIG. 3. 

0.133 (b) As for a mark, the mark is classified according to 
the combination of the length of the mark, the lengths of 
spaces that immediately precede and Succeed the mark, and 
the lengths of marks with the preceding space and Succeeding 
space (S02). In (e) of FIG.3, the 2T mark is “X-2-2-3-3, the 
3T mark is “2-3-3-4-5, the 5T mark is “3-4-5-2-6', and the 
6T mark is “5-2-6-2-X'. Here, X represents a code lying 
outside the diagram and is actually a numeric character clas 
sified according to the code sequence. The values are aligned 
in the order of “the length of the preceding mark', “the length 
of the preceding space', “the mark length of the interested 
mark in recording compensation”, “the length of the Succeed 
ing space, and “the length of the Succeeding mark. 
0134 (c) The position of the first or/and second pulse edge 
counted from an end of the write pulse train for the formation 
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of the mark is changed according to the result of the classifi 
cation, whereby the write pulse train is controlled (S03). For 
example, in (c) to (f) of FIG. 4, the position of the first or/and 
second pulse edge counted from the leading end is shifted by 
edge change amount dTF1 or/and dTF2. Further, the position 
of the first or/and second pulse edge counted from the trailing 
end is changed by edge change amount dTE1 or/and dTE2. 
0.135 (d) The optical disc medium is irradiated with the 
write pulse train such that the mark is formed (S04). 
0.136 FIGS. 9(a) to (d) are diagrams generally illustrating 
recording of a mark 601 with the mark length of 2T under the 
circumstances where the positions of the first and second 
pulse edges counted from the leading end of the write pulse 
train are changed by edge change amounts dTF1 and dTF2. 
FIG. 9(a) shows the waveform of the reference time signal 
1201 which serves as the time reference for the recording 
operation. FIG.9(b) is the count signal 1204 generated by the 
counter. FIG. 9(c) shows the waveform of the write pulse 
signal 1206. In the write pulse signal 1206, the positions of 
the first and second pulse edges counted from the leading end 
are changed by edge change amounts dTF1 and dTF2. FIG. 
9(d) shows an image of the mark 601 with the mark length of 
2T which is recorded by means of the write pulse train of FIG. 
9(c). The leading end position of the mark 601 can be pre 
cisely controlled using the write pulse train. 
0.137 Edge change amounts dTF1 and dTF2 are defined 
based on a result of classification into any of a plurality of 
predetermined classes according to the mark length of a mark 
which is to be recorded, the lengths of the preceding and 
Succeeding spaces, and the lengths of marks that precede and 
Succeed the preceding and Succeeding spaces, as in the clas 
sification tables shown in FIG. 10(a) and FIG. 10(c). FIG. 
10(a) shows the move amounts of dTF1, dTF2, and dTF3 of 
the write pulse train. For example, “M3224 in the table 
defines the edge movement, which represents the edge move 
amount of the write pulse in recording of a 2T mark under the 
circumstances where the length of a space with the preceding 
2T mark is 4T, the length of a space with the succeeding 2T 
mark is 2T, and the length of a mark with the Succeeding space 
is 3T or longer. Here, as an example different from the values 
of the shown table, the values of dTF1, dTF2, and dTF3 may 
be different. FIG. 10(b) shows the move amounts of dTF1, 
dTF2, and dTF3 of the write pulse train. For example, 
“S4223” in the table defines the edge movement, which rep 
resents the edge move amount of the write pulse in recording 
of a 2T mark under the circumstances where the length of a 
space with the Succeeding 2T mark is 4T, the length of a space 
with the preceding 2T mark is 2T, and the length of a mark 
that succeeds the Succeeding space is 3T or longer. Here, as an 
example different from the values of the shown table, the 
values of dTF1, dTF2, and dTF3 may be different. 
I0138 FIG.10(c) shows the move amounts of dTF1, dTF2, 
and dTF3 of the write pulse train. For example, “M32222 in 
the table defines the edge movement. Specifically, it repre 
sents the edge move amount of the write pulse in recording of 
a 2T mark under the circumstances where the length of a 
space with the preceding 2T mark is 2T, the length of a mark 
that immediately succeeds the Succeeding space is 2T, the 
length of a space with the Succeeding 2T mark is 2T, and the 
length of a mark that immediately precedes the preceding 
space is 3T or longer. Here, as an example different from the 
values of the shown table, the values of dTF1, dTF2, and 
dTF3 may be different. 
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0139 FIG.10(d) shows the move amounts of dTF1, dTF2, 
and dTF3 of the write pulse train. For example, “S22223” in 
the table defines the edge movement. Specifically, it repre 
sents the edge move amount of the write pulse in recording of 
a 2T mark under the circumstances where the length of a 
space with the Succeeding 2T mark is 2T, the length of a mark 
that immediately precedes the preceding space is 2T, the 
length of a space with the preceding 2T mark is 2T, and the 
length of a mark that immediately succeeds the Succeeding 
space is 3T or longer. Here, as an example different from the 
values of the shown table, the values of dTF1, dTF2, and 
dTF3 may be different. 
0140) Especially in the case of FIG.10(c) and FIG. 10(d), 
the classification in the recording compensation table is 
arranged Such that, if an interested mark is 2T (shortest mark) 
and the length of a space immediately preceding or Succeed 
ing the interested mark is 2T (shortest space), the interested 
mark is classified according to whether the length of a mark 
that precedes or Succeeds the immediately preceding or Suc 
ceeding space is “2T or “longer than 2T. A write pulse 
signal is generated in which the position of the first, second, or 
third pulse edge counted from an end of the write pulse train 
for recording of each mark is changed according to a result of 
the classification by edge change amount dTF1, dTF2, dTF3 
or/and dTF1, dTF2, dTF3. Using such an arrangement to 
precisely control the leading end position or trailing end 
position of a mark which is to be formed on the optical disc 
medium in recording of the mark is more effective. 
0.141. Also, the classification in the recording compensa 
tion table is arranged such that, if an interested mark is 3T or 
longer (a mark other than the shortest mark), the interested 
mark is classified according to whether a space with the 
Succeeding interested mark is a 2T space (shortest space), a 
3T space, a 4T space, or a 5T or longer space. A write pulse 
signal is generated in which the position of the first, second, or 
third pulse edge counted from the leading end portion of the 
write pulse train for recording of each mark is changed 
according to a result of the classification by edge change 
amount dTF1, dTF2, dTF3. Using such an arrangement to 
precisely control the leading end position of a mark which is 
to be formed on the optical disc medium in recording of the 
mark is more effective. 
0142. The classification in the recording compensation 
table is also arranged such that, if an interested mark is 3T or 
longer (a mark other than the shortest mark), the interested 
mark is classified according to whether a space with the 
preceding mark is a 2T space (shortest space), a 3T space, a 
4T space, or a 5T or longer space. A write pulse signal is 
generated in which the position of the first, second, or third 
pulse edge counted from the trailing end portion of the write 
pulse train for recording of each mark is changed according to 
a result of the classification by edge change amount dTF1, 
dTF2, or dTF3. Using such an arrangement to precisely con 
trol the trailing end position of a mark which is to be formed 
on the optical disc medium in recording of the mark is more 
effective. 

0143. As described above, when the shortest mark (2T) is 
immediately preceded or Succeeded by the shortest space 
(2T), i.e., the shortest intervals (2T) consecutively occur, the 
recording compensation is made with classification by the 
lengths of the preceding and Succeeding marks into the 
classes of “shortest mark length (2T) and “longer than 2T. 
Therefore, the number of classes in the recording compensa 
tion can be decreased. The optical intersymbol interference or 
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thermal interference can efficiently be removed without 
increasing the complexity of the LSI configuration. 
0144. Edge change amounts dTF1 and dTF2 are defined 
by 35 classes in total. Specifically, the mark length of a mark 
which is to be recorded has 4 classes, “2T, “3T, “4T, and 
“5T or longer, and the length of the preceding space has 4 
classes, “2T”, “3T”, “4T, and “5T or longer. Further, under 
the circumstance where the preceding space is a 2T space, the 
length of the mark that precedes the preceding space has 2 
classes, “2T and “3T or longer. In the case of a 2T mark, the 
length of the succeeding space has 4 classes, “2T”, “3T. 
“4T, and “5T or longer. 
0145 Note that, herein, as for edge shift amounts dTF1, 
dTF2 and dTF3, there are 4 classes for the mark length, 4 
classes for the length of the preceding space, and 2 classes for 
the length of the preceding mark, although the present inven 
tion is not limited to this example. For example, there may be 
3 classes, 5 classes, or more than 5 classes for the mark length. 
There may be 2 classes, 3 classes, 5 classes, or more than 5 
classes for the length of the preceding space. There may be 3 
classes for the length of the preceding mark. 
0146 In a combination of mark and space lengths in the 
same class, edge change amounts dTF1 and dTF2 may have 
equal values. In this case, the pulse length of a peak power 
interval of the leading end pulse is fixed. Especially when 
recording is carried out with a write pulse signal in which the 
number of pulses at the peak power level is one, the recording 
position of the record mark can be shifted without changing 
the size of the record mark. Thus, the edge position can be 
adjusted more precisely. When recording is carried out with a 
write pulse signal in which the number of pulses at the peak 
power level is one, edge change amounts dTF1, dTF2, and 
dTF3 in a combination of mark and space lengths in the same 
class may have equal values where dTF3 is the edge change 
amount for the third pulse edge position counted from the 
leading end of the write pulse train. In this case, the write 
pulse train is recorded with an anterior or posterior shift while 
the shape of the write pulse train itself is kept unchanged. 
Further, the pulse time width of the cooling pulse can be fixed, 
and therefore, change in size or shift in position of the record 
mark, which would occur according to the time width of the 
cooling pulse as especially in rewritable recording media, can 
be prevented. Thus, the edge position can be adjusted more 
precisely. These edge change amounts dTF1 and dTF2 may 
be defined by, for example, the absolute time, such as 
M2222-0.5 nsec in FIG. 10(a). Alternatively, they may be 
defined based on the reference time signal, for example, in the 
form of a value which is an integral multiple of Tw/16. Alter 
natively, they may be defined in the form of a value which is 
a multiple of Tw/32. 
0147 As for a 2T mark, a 3T mark, a 4T mark, and a 5T or 
longer mark, one value may be held as a reference value for 
dTF1, dTF2, dTF3, dTE1, dTE2, dTE3, and a recording com 
pensation value which depends on the length of the preceding 
or Succeeding space or the length of the preceding or Succeed 
ing mark may be prepared as difference information for the 
aforementioned reference value for the respective mark 
lengths. With Such an arrangement, especially when the 
recording compensation which depends on the length of the 
preceding or Succeeding space or recording compensation 
which depends on the length of the preceding or Succeeding 
mark is not provided, only the reference value for the respec 
tive mark lengths is read out, without reading out the differ 
ence information, so that the recording compensation value 
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can be read out of the disc at a high rate. Also, the memory of 
a recording device can be saved, so that the configuration of 
the LSI can be simplified. Further, by recording the difference 
information, the number of bits of a recording compensation 
value which is to be recorded in the disc can be decreased. 
0148. As described above, the position of the first or/and 
second or/and third pulse edge counted from the leading end 
of the write pulse signal is changed by edge change amount 
dTF1, dTF2, dTF3, whereby the leading end position of the 
mark can be controlled more precisely. Further, the pulse 
edge is controlled according not only to the mark length of a 
mark which is to be recorded but also to the lengths of the 
preceding and Succeeding spaces. In recording of a 2T mark, 
when the length of the preceding space is 2T, the pulse edge 
is controlled according to the length of the preceding mark. 
Therefore, in the case of performing high density recording 
which is beyond the limit of OTF, the leading end position of 
the mark 601 can precisely be controlled with consideration 
for thermal interference or optical intersymbol interference. 
014.9 FIGS. 11(a) to (d) are diagrams generally illustrat 
ing recording of a mark 1401 with the mark length of 2T 
under the circumstances where the positions of the first, sec 
ond, and third pulse edges counted from the trailing end of the 
write pulse train are changed by edge change amounts dTE1. 
dTE2, and dTE3, respectively. FIG. 11(a) shows the wave 
form of the reference time signal 1201 which serves as the 
time reference for the recording operation. FIG.11(b) is the 
count signal 1204 generated by the counter. FIG.11(c) shows 
the waveform of the write pulse signal 1406. In the count 
signal 1204, the positions of the first, second, and third pulse 
edges counted from the trailing end are changed by edge 
change amounts dTF1, dTF2, and dTE3. FIG.11(d) shows an 
image of the mark 1401 with the mark length of 2T which is 
recorded by means of the write pulse train of FIG. 11(c). It is 
shown that the trailing end position of the mark 1401 can be 
precisely controlled using the write pulse train. 
0150 Edge change amounts dTE1, dTE2, and dTE3 are 
defined based on a result of classification made according to 
the mark length of a mark which is to be recorded, the lengths 
of the preceding and Succeeding spaces, and the lengths of 
marks that precede and Succeed the preceding and Succeeding 
spaces as in the classification tables shown in FIG.10(b) and 
FIG. 10(d). 
0151. As previously described in FIG. 3, the classification 
in the recording compensation table is arranged such that, if 
an interested mark is 2T (shortest mark) and the length of a 
space with the Succeeding interested mark is 2T (shortest 
space), the interested mark is classified according to the mark 
length of a mark that precedes the immediately preceding 
space. The classification in the recording compensation table 
is also arranged Such that, if an interested mark is 2T (shortest 
mark) and the length of a space with the preceding interested 
mark is 2T (shortest space), the interested mark is classified 
according to the mark length of a mark that succeeds the 
immediately succeeding space. And, a write pulse signal is 
generated in which the position of the edge of the write pulse 
train for recording of each mark is changed according to a 
result of the classification by edge change amount dTF1, 
dTF2, dTF3 or/and dTE1, dTE2, dTE3. And, the leading end 
position or trailing end position of the mark which is to be 
formed on the optical disc medium can be precisely con 
trolled in recording of data. 
0152 More specifically, the classification is as shown in 
FIG. 12. As for dTF1 and dTF2, in recording of a 2T mark, the 
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lengths of spaces preceding and Succeeding the 2T mark have 
4 classes, “2T”, “3T”, “4T, and “5T or longer”. Under the 
circumstance where the length of the space that precedes or 
succeeds the 2T mark is 2T, the length of a mark that precedes 
or succeeds the preceding or succeeding space has two 
classes, “2T and “3T or longer'. That is, there are 25 classes 
in total (1 to 25). And, each is defined by information of 1 
byte. In recording of a mark of 3T, 4T, or 5T or longer, the 
length of the preceding space has 4 classes, “2T”, “3T”, “4T, 
and “5T or longer'. That is, there are 12 classes in total (26 to 
37), and each is defined by information of 1 byte. 
0153. Likewise, dTE1 is defined such that, in recording of 
a 2T mark, the length of the Succeeding space has 4 classes, 
“2T”, “3T”, “4T, and “5T or longer”. Under the circum 
stance where the length of the Succeeding space is 2T, the 
length of a mark that Succeeds the Succeeding space has 2 
classes, “2T and “3T or longer'. That is, there are 10 classes 
in total (1 to 10). Each is defined by information of 1 byte. In 
recording of a mark of 3T, 4T, or 5T or longer, the length of the 
succeeding space has 4 classes, “2T, “3T”, “4T, and “5T or 
longer'. That is there are 12 classes in total (11 to 22). And 
each is defined by information of 1 byte. 
0154 Here, as for dTF1, dTF2, dTE1, and dTE2 of FIG. 
12, in the case of an N-1 type write strategy shown in FIG.4, 
dTF1 represents the information about the rising position of 
the leading end pulse, dTF2 represents the information about 
the falling position of the leading end pulse, dTE1 represents 
the information about the rising position of the cooling pulse, 
and dTE2 represents the information about the falling posi 
tion of the trailing end pulse of a 3T or longer mark. Likewise, 
in the case of an L-type write strategy of FIG. 5, dTF1 repre 
sents the rising position of the leading end pulse, dTF2 rep 
resents the falling position of the leading end pulse, dTE1 
represents the rising position of the cooling pulse, and dTE2 
represents the falling position of the intermediate power of a 
3T or longer mark. Although dTF2 is defined herein, for 
example, pulse width TF2 between dTF1 and dTF2 may be 
defined instead of dTF2. Likewise, although dTE2 is defined 
herein, for example, pulse width TE2 between dTE2 and 
dTE3 may be defined instead of dTE2. 
0.155. In the case of small interference by the preceding 
and Succeeding marks, the classification may be simplified as 
shown in FIG. 13. Specifically, as for dTF1 and dTF2, in 
recording of a 2T mark, the lengths of the preceding and 
succeeding spaces have 4 classes, “2T”, “3T”, “4T, and “5T 
or longer', i.e., there are 4x4-16 classes (1 to 16), and each is 
defined by information of 1 byte. In recording of a mark of 3T. 
4T, or 5T or longer, the length of the preceding space has 4 
classes, “2T, “3T”, “4T, and “5T or longer”, i.e., there are 
12 classes in total (17 to 28), and each is defined by informa 
tion of 1 byte. 
0156 Likewise, as for dTE1, in recording of a 2T mark, 
the length of the succeeding space has 4 classes, “2T”, “3T. 
“4T, and “5T or longer', and the length of the preceding 
space has 2 classes, “2T and “3T or longer'. That is, there are 
8 classes in total (1 to 8), and each is defined by information 
of 1 byte. In recording of a mark of 3T, 4T, or 5T or longer, the 
length of the preceding space has 4 classes, “2T”, “3T”, “4T, 
and “5T or longer'. That is, there are 12 classes in total (9 to 
20). And each is defined by information of 1 byte. As for 
dTE2, in recording of a mark of “3T”, “4T, or “5T or 
longer, the length of the preceding space has 4 classes, “2T. 
“3T”, “4T, and “5T or longer”. That is, 12 classes in total (1 
to 12), and each is defined by information of 1 byte. 
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(O157. These edge change amounts dTE1, dTE2 and dTE3 
are defined with 4 classes for the mark length of a mark which 
is to be recorded, “2T”, “3T”, “4T, and “5T or longer, 4 
classes for the length of the succeeding space, “2T”, “3T. 
“4T, and “5T or longer', and under the circumstance where 
the Succeeding space is a 2T space, 2 classes for the length of 
a mark that succeeds the succeeding space, “2T”, “3T”, “4T, 
and “5T or longer, and under the circumstance where it is a 
2T mark, 4 classes for the length of the preceding space, “2T. 
“3T”, “4T, and “5T or longer”, i.e., 35 classes in total. Note 
that, herein, as for edge shift amounts dTE1, dTE2, and dTE3, 
there are 4 classes for the mark length, 4 classes for the length 
of the Succeeding space, and 2 classes for the length of the 
Succeeding mark, although the present invention is not lim 
ited to this example. For example, there may be 3 classes, 5 
classes, or more than 5 classes for the mark length. There may 
be 2 classes, 3 classes, 5 classes, or more than 5 classes for the 
length of the Succeeding space. There may be 3 classes for the 
length of the succeeding mark. It is also preferable that the 
length of the preceding space has 2 classes, “2T and “3T or 
longer, while the length of the Succeeding space also has 2 
classes, “2T and “3T or longer”. 
0158 An example where the length of the succeeding 
space has two classes is now described. In this case, the length 
of the Succeeding space only need to be generally categorized 
into the classes of “2T or “3T or longer'. This is clearly 
shown in FIG. 13 in which the “succeeding mark” (“S-mark') 
has two classes, “2T and “3Torlonger. As the value for “3T 
or longer under the circumstances where “S-mark” is “2T 
or “3T or longer, the values in the column of “3T space' of 
FIG. 13 can be utilized. Note that, in the descriptions of FIG. 
13, the mark succeeding the 2T mark (“S-mark') has the mark 
of “X”, which means “no definition” (Don't CARE), in both 
columns of “2T and “3T or longer. However, this is just 
labeling of “X” as an example. It is to be grasped that the 
columns labeled with 'X' are directed to determination as to 
whether the space that succeeds the 2T mark is “2T or “3T or 
longer. 
0159. In a combination of mark and space lengths in the 
same class, edge change amounts dTE1, dTE2, and dTE3 
may have equal values. In this case, the pulse length of a peak 
power interval of the leading end pulse is fixed. Especially 
when recording is carried out with a write pulse signal in 
which the number of pulses at the peak power level is one, the 
position of the record mark can be shifted without changing 
the size of the record mark. Thus, the edge position can be 
adjusted more precisely. 
0160. When recording is carried out with a write pulse 
signal in which the number of pulses at the peak power level 
is one, edge change amounts dTE2, dTE3, and dTE1 in the 
combination of mark and space lengths in the same class may 
have equal values where dTE1 is the first pulse edge position 
counted from the trailing end of the write pulse train. In this 
case, the write pulse train is recorded with an anterior or 
posterior shift while the shape of the write pulse train itself is 
kept unchanged. Further, the pulse time width of the cooling 
pulse can be fixed, and therefore, change in size or shift in 
position of the record mark, which would occur according to 
the time width of the cooling pulse as especially in rewritable 
recording media, can be prevented. Thus, the edge position 
can be adjusted more precisely. 
0161 These edge change amounts dTE2 and dTE3 may be 
defined by, for example, the absolute time, such as S2222-0.5 
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insec in FIG. 10(b). Alternatively, they may be defined based 
on the reference time signal in the form of a value which is an 
integral multiple of Tw/16. 
0162. As described above, the position of the second 
or/and third or/and first pulse edge counted from the trailing 
end of the write pulse signal is changed by edge change 
amount dTE2, dTE3, dTE1, whereby the trailing end position 
of the mark can be controlled more precisely. Further, the 
pulse edge is controlled according not only to the mark length 
of a mark which is to be recorded but also to the lengths of the 
preceding and Succeeding spaces. In recording of a 2T mark, 
when the length of the Succeeding space is 2T, the pulse edge 
is controlled according to the length of a mark that succeeds 
the Succeeding space. Therefore, in the case of performing 
high density recording which is beyond the limit of OTF, the 
trailing end position of the mark 1401 can precisely be con 
trolled with consideration for thermal interference or optical 
intersymbol interference. 
0163 Although in the embodiment of the present inven 
tion the write pulse edge in recording of a 2T mark is con 
trolled according to the lengths of marks that respectively 
precede and Succeed the preceding and Succeeding 2T spaces, 
a write pulse edge in recording of a 3T or longer mark may be 
adjusted according to the lengths of marks that respectively 
precede and Succeed the preceding and Succeeding 2T spaces. 
The write pulse edge adjustment may be carried out on a 3T 
or longer record mark simultaneously with adjustment of a 2T 
mark. With Such an arrangement, in the case of performing 
high density recording which is beyond the limit of OTF, the 
leading or trailing end position of the record mark can pre 
cisely be controlled with consideration for thermal interfer 
ence or optical intersymbol interference. 
0164. Next, a method for detecting a shift in a reproduc 
tion signal in order to provide the extended recording com 
pensation in the shift detecting section 109 is described. First, 
an operation of Viterbi decoding based on a PR(1.2.2.2.1)ML 
method in the PRML processing section 108 is described. 
0.165 Signal processing in a reproduction system during 
reproduction from a high density optical disc medium accord 
ing to the present invention employs a PR(1.2.2.2.1)ML 
method. The recording code used herein is a Run Length 
Limited code, such as RLL(1.7) code. The PR(1.2.2.2.1)ML 
is described with reference to FIG. 14 and FIG. 15. By com 
bining PRC1.2.2.2.1)ML with RLL(1.7), the number of pos 
sible states of the decoding section is reduced to 10, the 
number of state transition paths becomes 16, and there are 9 
reproduction levels. FIG. 14 is a state transition diagram 
commonly used in the description of PRML, showing state 
transition rules of PR(1.2.2.2, 1)ML. Here, ten states are rep 
resented by identifying, at a certain point in time, a state S (0. 
0, 0, 0) by S0, a state S (0, 0, 0, 1) by S1, a state S (0, 0, 1, 1) 
by S2, a state S (0, 1, 1, 1) by S3, a state S (1,1,1,1) by S4, 
a state S (1,1,1,0) by S5, a state S (1, 1, 0, 0) by S6, a state 
S (1,0,0,0) by S7, a state S (1,0,0,1) by S8, and a state S(0, 
1, 1, 0) by S9, respectively, where “0” or “1” in the parenthe 
ses represents a signal sequence on the time axis and shows 
what state could be produced as a result of the next state 
transition from the current state. Also, this state transition 
diagram can be rearranged along the time axis into the trellis 
diagram as shown in FIG. 15. 
0166 In the state transitions of PR(1.2.2.2.1)ML shown in 
FIG. 15, there are an infinite number of state transition pat 
terns (i.e., combinations of States) that can take two state 
transition paths in making a transition from a particular state 
at a certain point in time into another particular state at the 
next point in time. If we pay attention to only patterns that are 
particularly likely to produce errors in a certain time range, 
the state transition patterns of PR(1.2.2.2.1)ML may be sum 
marized as in the following Tables 1, 2 and 3: 
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respectively replaced with spaces and marks, this recording 
sequence is the sequence of a space with a length of 4T or 
longer, a 3T mark, and a space with a length of 2T or longer. 
This is shown as Path A waveform in FIG. 16. FIG.16 shows 
two waveforms which are different in the relationship 
between the sampling time and the reproduction level. In FIG. 
16, the abscissa represents the sampling time which indicates 
every one cycle in the recording sequence, and the ordinate 
represents the reproduction level. As previously mentioned, 
PR(1.2.2.2.1)ML has nine ideal reproduction levels in total, 
from Level 0 through Level 8. 
0169. On the other hand, the other path is a case where the 
recording sequence transitions to “0, 0, 0, 0, 0, 1, 1, 0, 0' and 
is detected. In the context of the recorded state where Zeros (O) 
and ones (1) of the reproduced data are respectively replaced 
with spaces and marks, this recording sequence is the 
sequence of a space with a length of 5T or longer, a 2T mark, 
and a space with a length of 2T or longer. This path is shown 
as Path B waveform in FIG. 16. The patterns with a Euclidean 
distance of 14 shown in Table 1 are characterized by always 
including a single piece of edge information which is indica 
tive of a mark-space boundary. An edge adjustment method 
optimum for the PRML method which takes advantage of this 
feature is as described in Patent Document No. 3, for 
example. 
(0170 Likewise, Table 2 shows 18 different pairs of state 
transition patterns, each of which can take two different paths 
and has a Euclidean distance of 12 between themselves. 
These patterns are patterns in which, among shift errors of a 
2T mark or a 2T space, a 2-bit error is detected. As an 
example, a state transition path leading from SO(k-7) to SO(k) 
according to the state transition rules shown in FIG. 15 is 
described. In that case, one path is a case where the recording 
sequence transitions to “0, 0, 0, 0, 1, 1, 0, 0, 0, 0, 0' and is 
detected. In the context of the recorded state where Zeros (O) 
and ones (1) of the reproduced data are respectively replaced 
with spaces and marks, this recording sequence is the 
sequence of a space with a length of 4T or longer, a 2T mark, 
and a space with a length of 5T or longer. This is shown as 
Path A waveform in FIG. 17. 

0171 On the other hand, the other path is a case where the 
recording sequence transitions to “0, 0, 0, 0, 0, 1, 1, 0, 0, 0, 0” 
and is detected. In the context of the recorded state where 
Zeros (O) and ones (1) of the reproduced data are respectively 
replaced with spaces and marks, this recording sequence is 
the sequence of a space with a length of 5T or longer, a 2T 
mark, and a space with a length of 4T or longer. This is shown 
as Path B waveform in FIG. 17. The patterns with a Euclidean 
distance of 12 shown in Table 2 are characterized by always 
including two pieces of rising and falling edge information of 
a 2T mark or 2T space. 
(0172. Likewise, Table 3 shows 18 different pairs of state 
transition patterns, each of which can take two different paths 
and has a Euclidean distance of 12 between themselves. 
These patterns are patterns in which a 3-bit erroris detected in 
a portion where at least two 2T intervals consecutively occur, 
such as “2T mark-2T space' or “2T space-2T mark”. As an 
example, a state transition path leading from SO(k-9) to S6(k) 
according to the state transition rules shown in FIG. 15 is 
described. In that case, one path is a case where the recording 
sequence transitions to “0, 0, 0, 0, 1, 1, 0, 0, 1, 1, 1, 0, 0' and 
is detected. In the context of the recorded state where Zeros (O) 
and ones (1) of the reproduced data are respectively replaced 
with spaces and marks, this recording sequence is the 
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sequence of a space with a length of 4T or longer, a 2T mark, 
a 2T space, a 3T mark, and a space with a length of 2T or 
longer. This is shown as Path A waveform in FIG. 18. 
0173. On the other hand, the other path is a case where the 
record code sequence transitions to “0, 0, 0, 0, 0, 1, 1, 0, 0, 1, 
1, 0, 0' and is detected. In the context of the recorded state 
where Zeros (O) and ones (1) of the reproduced data are 
respectively replaced with spaces and marks, this recording 
sequence is the sequence of a space with a length of 5T or 
longer, a 2T mark, a 2T space, a 2T mark and a space with a 
length of 2T or longer. This is shown as Path B waveform in 
FIG. 18. The patterns with a Euclidean distance of 12 shown 
in Table 3 are characterized in that a 3-bit error is detected in 
a portion where at least two 2T intervals consecutively occur, 
such as “2T mark-2T space' or “2T space-2T mark’. 
0.174. In adjustment of the position of the leading end edge 
or trailing end edge of a record mark, the direction and mag 
nitude of edge deviation need to be detected for each one of 
the combinations of respective marks and respective spaces. 
When the PR(1.2.2.2.1)ML method is used, the adjustment 
can be carried out using the patterns with a Euclidean distance 
of 14 shown in Table 1. This means that recording compen 
sation can be realized by adjusting the pulse edges of the write 
pulse train according to the length of a Subject mark and the 
lengths of its preceding and Succeeding spaces. FIG. 19 is a 
classification table for a recording compensation which is 
made using the patterns with a Euclidean distance of 14. 
0.175. In the case of the patterns having a Euclidean dis 
tance of 14, the recording compensation includes 4 classes of 
the subject mark, “2T”, “3T, “4T, and “5T or longer”. 
Further, the length of the preceding space has 4 classes, “2T. 
“3T”, “4T, and “5T or longer. Thus, there are 4x4=16 
classes in total for adjustment. In this case, the write pulse 
train Subjected to the recording compensation includes dTF1 
and dTF2 of FIG. 4. 
0176 For adjustment, the mark length of the subject mark 
has 4 classes, “2T”, “3T”, “4T, and “5T or longer, and the 
space length of a space Succeeding the Subject mark has 4 
classes, “2T, “3T”, “4T, and “5T or longer”, i.e., there are 
4x4=16 classes in total. In this case, the write pulse train 
Subjected to the recording compensation includes dTE2. 
dTE3 of FIG. 4. The recording compensation is made on 
dTF1, dTF2, dTE2, and dTE3 according to the length of the 
Subject mark and the lengths of its preceding and Succeeding 
spaces, whereby the recording compensation of the Euclid 
ean distance of 14 is provided. 
0177. A shift detection method in the recording compen 
sation is described. For example, in FIG. 16, a cumulative 
value of squares of the difference between the value of the 
reproduction signal from y k-4 to y k in the period from 
time k-4 to timek and the expected value of Path A is referred 
to as Pa. Pa is expressed by Formula 1. A cumulative value of 
squares of the difference between the value of the reproduc 
tion signal fromy k-4 to y k in the period from time k-4 to 
timek and the expected value of Path B is referred to as Pb. Pb 
is expressed by Formula 2. 

(0178. Now, the meaning of difference Pa-Pb between Pa 
and Pb, which is indicative of the reliability of a maximum 
likelihood decoding result, is described. It can be said that if 
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Pa-Pb the maximum likelihood decoding section has 
selected Path A with confidence and that if PadPb the maxi 
mum likelihood decoding section has selected Path B with 
confidence. If Pa-Pb, the path selected by the maximum 
likelihood decoding section may be any of Path A and Path B, 
i.e., it is fifty-fifty whether the decoding result is correct. By 
calculating Pa-Pb from a predetermined time, a predeter 
mined number of chances, and the decoding result in this way, 
the distribution of Pa-Pb is obtained. 

0179 Tracks written under the above-described write 
pulse conditions are consecutively subjected to reproduction, 
and the edge position information of the reproduced signal is 
measured. The light emitting section 102 operates to perform 
reproduction on a track of write pulse conditions established 
for writing. The reproduced write pulse conditions are trans 
mitted through the waveform equalizing section 105 and the 
A/D conversion section 106. The PLL section 107 generates 
a reproduction clock. A pattern detecting section included in 
the PRML processing section 108 performs Viterbi decoding 
(maximum likelihood decoding) on a digital signal sampled 
with the reproduction clock and generates a binary signal 
which is indicative of a result of the maximum likelihood 
decoding for each set of recording conditions. 
0180. Next, a method for detecting an edge shift in the 
reproduction signal whose waveform is reshaped so as to 
comply with PRC1.2.2.2,1) equalization is described. 
0181 FIG. 20 shows sampled values of the patterns of 
state transition S0->S6 of Table 1 as an example of the PR 
equalization ideal waveform. The abscissa represents time (1 
scale period represents 1 channel clock period), and the ordi 
nate represents the signal level (0 to 8). The broken lines and 
the solid lines correspond to Path A and Path B, respectively. 
Each of the sampled values corresponds to any of 0 to 8 of 
expected value Levelv of the input in the maximum likelihood 
decoding. It is defined that the waveform reproduced from a 
record mark portion is an upwardly-oriented waveform in 
terms of the signal level, and that the waveform reproduced 
from a non-record portion is a downwardly-oriented wave 
form. The patterns shown in FIG. 20 correspond to the repro 
duced waveforms at the mark-space boundaries (the leading 
end edge and the trailing end edge of the mark). Thus, the 
patterns of FIG. 20 and the following patterns of Table 1, 
S0->S6, S0->S5, S0->S4, S7->S6, S7->S5, S7->S4, 
S6->S6, S6->S5, and S6->S4, correspond to the leading end 
edge portion of the mark, and the other patterns of Table 1, 
S2->S0, S2->S1, S2-eS2, S3-e S0, S3-e S1, S3-eS2, 
S4->S0, S4->S1, and S4->S2, correspond to the trailing end 
edge portion of the mark. 
0182. The reproduced waveforms of FIGS. 200a) and 
200b) are the waveforms of the sequence of a 4T space and a 
3T mark which are recorded in this embodiment. Now, a 
method for detecting a leading end edge shift of the mark is 
described with attention to the reproduced waveforms of 
FIGS. 20(a) and 200b). 
0183 FIGS.20(a) and 20(b) show the correlation between 
the reproduced waveforms for S0->S6 of Table 1 and the 
deviation of the record mark. In FIGS. 200a) and 200b), the 
Solid line with open triangles (A) represents the input signal, 
and Path. A represented by the broken line is a correct state 
transition path. The input signal is generated based on record 
mark A- in FIG.20(a) and based on record mark A+ in FIG. 
200b). It is assumed that record mark A has an ideal leading 
end edge. 
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0.184 FIG.20(a) shows the reproduced waveforms where 
the leading end edge position of the record mark is deviated to 
the shorter side relative to the ideal leading end edge position. 
Distance Pabetween Path A and the input signal and distance 
Pb between Path B and the input signal are calculated to 
obtain 4S3M-AAA-Pa-Pb-Pstd. 4S3M-A means the 
edgeshift between the 4T space and the 3T mark in Path A and 
represents the edgeshift amount between the 4T space and the 
immediately succeeding 3T mark. Here, as for Pstd, the value 
of Pa-Pb when Pa=0 is represented by -Pstd, and the value of 
Pa-Pb when Pb-0 is represented by Pstd. 
0185 FIG.20(b) shows the reproduced waveforms where 
the leading end edge position of the record mark is deviated to 
the longer side relative to the ideal leading end edge position. 
Distance Pabetween Path A and the input signal and distance 
Pb between Path B and the input signal are calculated to 
obtain 4S3M-AAA+=|Pa-Pb-Pstd. 4S3M-A means the 
edgeshift between the 4T space and the 3T mark in Path A and 
represents the edgeshift amount between the 4T space and the 
immediately succeeding 3T mark. 
0186 The above-described edge shift detection is carried 
out on the 18 patterns in total classified in Table 1 to detect the 
edge shift amount that depends on the mark and space 
lengths. 
0187. Here, the classification of the edge shift in the pat 
terns of Table 1 which is made separately by the mark length 
and the space length is realized by detecting b k-4 bits out of 
9 bits of the record code (b. k-8 to b k) as the boundary of the 
edge deviation between the mark and the space or between the 
space and the mark. For example, in S0->S6 pattern, it cor 
responds to comparison Subject patterns of the sequence of 
“4T or longer space and 3T mark” and the sequence of “5T or 
longer space and 2T mark'. The edge shift amount which 
depends on these mark lengths and the lengths of the preced 
ing spaces is detected. Likewise, in S2->S0 pattern, it corre 
sponds to comparison Subject patterns of the sequence of '3T 
mark and 4T or longer space' and the sequence of "2T mark 
and 5T or longer space'. The edge shift amount which 
depends on these mark lengths and the lengths of Succeeding 
spaces is detected. 
0188 Next, a method for detecting the phase shift amount 
for the patterns of Table 2 in which the Euclidean distance of 
the state transition patterns that can take two state transition 
paths is 12 and in which, among shift errors of a 2T mark or 
a 2T space, a 2-bit error is detected is described. 
(0189 FIGS. 21(a) and 21(b) show sampled values of the 
patterns which are to be subjected to comparison. The 
abscissa represents time (1 scale period represents 1 channel 
clock period), and the ordinate represents the signal level (0 to 
8). The broken lines and the solid lines correspond to Path A 
and Path B, respectively. Each of the sampled values corre 
sponds to any of 0 to 8 of expected value Level V of the input 
in the maximum likelihood decoding. It is defined that the 
waveform reproduced from a record mark portion is an 
upwardly-oriented waveform in terms of the signal level, and 
that the waveform reproduced from a non-record portion is a 
downwardly-oriented waveform. The patterns shown in 
FIGS. 21(a) and 21(b) correspond to the reproduced wave 
forms of the patterns including at least one 2T mark or 2T 
space. Thus, in the patterns of FIGS. 21(a) and 21(b) and the 
following patterns of Table 2, S0->S0, S0->S1, S0->S2, 
S7->S0, S7->S1, S7->S2, S6->S0, S6-e S1, and S6->S2, the 
position of the 2T mark makes an anterior or posterior shift 
while keeping its length of 2T unchanged. The other patterns 



US 2011/0044143 A1 

of Table 2, S2->S6, S2->S5, S2->S4, S3-eS6, S3-e S5, 
S3->S4, S4->S6, S4->S5, and S4->S4, correspond to a por 
tion where the position of the 2T space makes an anterior or 
posterior shift while keeping its length of 2T unchanged. 
0190. The waveforms of the sequence of a 4T or longer 
space, a 2T mark, and a 5T or longer space recorded in the 
present embodiment are the reproduced waveforms of FIGS. 
21(a) and 21(b). A method for detecting a shift in the record 
ing position of the 2T mark is now described with attention to 
the reproduced waveforms of FIGS. 21(a) and 21(b). FIGS. 
21(a) and 21(b) show the correlation between the reproduced 
waveforms for SO-sSO of Table 2 and the deviation of the 
record mark. In FIGS. 21(a) and 21(b), the solid line with 
open triangles (A) represents the input signal, and Path A 
represented by the broken line is a correct state transition 
path. The input signal is generated based on record mark B 
in FIG. 21(a) and based on record mark B+ in FIG. 21(b). It 
is assumed that record mark B has an ideal recording position. 
0191 FIG. 21(a) shows the reproduced waveforms where 
the recording position of the record mark (2T) is deviated to 
the posterior side relative to the ideal position. Distance Pa 
between Path A and the input signal and distance Pb between 
Path Band the input signal are calculated to obtain 4S2M5S 
A=AB-=|Pa-Pb-Pstd. 4S2M5S-A means the recording 
position shift of 2T in the sequence of a 4T or longer space, a 
2T mark, and a 5T or longer mark in Path A and represents the 
recording position deviation amount of the 2T mark inter 
posed between the 4T or longer space and the 5T or longer 
space. Here, as for Pstd, the value of Pa-Pb when Pa=0 is 
represented by -Pstd, and the value of Pa-Pb when Pb-0 is 
represented by Pstd. 
(0192 FIG. 21(b) shows the reproduced waveforms where 
the recording position of the record mark (2T) is deviated to 
the anterior side relative to the ideal position. Distance Pa 
between Path A and the input signal and distance Pb between 
Path Band the input signal are calculated to obtain 4S2M5S 
A=AB+=|Pa-Pb-Pstd. 4S2M5S-A means the recording 
position shift of 2T in the sequence of a 4T or longer space, a 
2T mark, and a 5T or longer mark in Path A and represents the 
recording position deviation amount of the 2T mark inter 
posed between the 4T or longer space and the 5T or longer 
Space. 

0193 The above-described phase shift detection is carried 
out on the 18 patterns in total classified in Table 2 to detect the 
phase shift amount that depends on the lengths of X space, 2T 
mark, and Y space or the lengths of X" mark, 2T space, and Y 
mark. 

0194 Here, the classification of the recording position 
shift of “X space, 2T mark, Y space' or 'X' mark, 2T space, 
Y' mark” in the patterns of Table 2 is realized by detecting 
b k-5 bits out of 11 bits of the record code (b. k-10 to b k) 
as the boundary of the recording position deviation of the 2T 
mark or the 2T space. For example, in S0->SO pattern, it 
corresponds to comparison Subject patterns of the sequence 
of “4T or longer space, 2T mark, 5T or longer space' and the 
sequence of '5T or longer space, 2T mark, 4T or longer 
space'. The phase shift amount which depends on the 2T 
mark length and the lengths of the preceding and Succeeding 
spaces is detected. Likewise, in S3->S4 pattern, it corre 
sponds to comparison Subject patterns of the sequence of '4T 
mark, 2T space, 4T or longer mark” and the sequence of “3T 
mark, 2T space, 5T or longer mark. The recording position 
shift amount which depends on the 2T space length and the 
lengths of the preceding and Succeeding spaces is detected. 
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0.195 Next, patterns in which the Euclidean distance of the 
state transition patterns that can take two state transition paths 
is 12 and in which a 3-bit error is detected in a portion where 
at least two 2T intervals consecutively occur, such as “2T 
mark-2T space' or “2T space-2T mark', are described. More 
specifically, a method for detecting the phase shift amount in 
the patterns of Table 3 in which, among shift errors of the 
consecutive sequence of '2T mark-2T space' or the consecu 
tive sequence of “2T space-2T mark', a 3-bit error is detected 
is described. 
0.196 FIG.22 shows sampled values of the patterns which 
are to be subjected to comparison. The abscissa represents 
time (1 Scale period represents 1 channel clock period), and 
the ordinate represents the signal level (0 to 8). The broken 
lines and the solid lines correspond to the respective wave 
forms of Path A and Path B. Each of the sampled values 
corresponds to any of 0 to 8 of expected value Levelv of the 
input in the maximum likelihood decoding. It is defined that 
the waveform reproduced from a record mark portion is an 
upwardly-oriented waveform in terms of the signal level, and 
that the waveform reproduced from a non-record portion is a 
downwardly-oriented waveform. 
0197) The patterns shown in FIG. 22 correspond to the 
reproduced waveforms which have patterns including the 
consecutive sequence of “2T mark-2T space'. Thus, the pat 
terns of FIG. 22 and the following patterns of Table 3, 
S0->S6, S0->S5, S0->S4, S7->S6, S7->S5, S7->S4, 
S6->S6, S6->S5, and S6->S4, correspond to a portion where 
the position of the consecutive sequence of "2T mark-2T 
space' makes an anterior or posterior shift, and the other 
patterns of Table 3, S2->S0, S2->S1, S2->S2, S3->S0, 
S3->S1, S3->S2, S4->S0, S4->S1, and S4->S2, correspond 
to a portion where the position of the consecutive sequence of 
“2T space-2T mark” makes an anterior or posterior shift. 
0198 The waveforms of the sequence of a 4T or longer 
space, a 2T mark, a 2T space, and a 3T mark recorded in the 
present embodiment are the reproduced waveforms of FIG. 
22. Therefore, a method for detecting a shift in the recording 
position of the consecutive sequence of “2T mark-2T space” 
is now described with attention to the reproduced waveforms 
of FIG. 22. FIG.22 shows the correlation between the repro 
duced waveforms for SO-sS6 of Table 3 and the deviation of 
the record mark. In FIG. 22, the solid line with open triangles 
(A) represents the input signal, and Path A represented by the 
broken line is a correct state transition path. The input signal 
is generated based on record mark C-in FIG.22(a) and based 
on record mark C+ in FIG. 22(b). It is assumed that record 
mark C has an ideal recording position. 
0199 FIG. 22(a) shows a case where the recording posi 
tion of the consecutive sequence of “2T mark-2T space' is 
deviated to the posterior side relative to the ideal position. 
Distance Pabetween Path A and the input signal and distance 
Pb between Path B and the input signal are calculated to 
obtain 4S2M2S3M-A=AC-=Pa-Pb-Pstd. 4S2M2S3M-A 
means the recording position shift of “2T mark-2T space' in 
the sequence of a 4T or longer space, a 2T mark, a 2T space, 
and a 3T mark in Path A and represents the recording position 
deviation amount of “2T mark-2T space' interposed between 
the 4T or longer space and the 3T mark. Here, as for Pstd, the 
value of Pa-Pb when Pa-O is represented by -Pstd, and the 
value of Pa-Pb when Pb-0 is represented by Pstd. 
0200 FIG. 22(b) shows a case where the recording posi 
tion of the consecutive sequence of “2T space-2T mark” is 
deviated to the anterior side relative to the ideal position. 
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0201 Distance Pabetween Path A and the input signal and 
distance Pb between Path Band the input signal are calculated 
tO obtain 4S2M2S3M-A=AC+=Pa-Pb-PStd. 
4S2M2S3M-A means the recording position shift of “2T 
space-2T mark in the sequence of a 4T or longer space, a 2T 
mark, a 2T space, and a 3T mark in Path A and represents the 
recording position deviation amount of “2T space-2T mark” 
interposed between the 4T or longer space and the 3T mark. 
0202 The above-described shift detection is carried out on 
the 18 patterns in total classified in Table 3 to detect the phase 
shift amount that depends on the lengths of X space, 2Tmark, 
2T space, and Y mark or the lengths of X" mark, 2T space, 2T 
mark, and Y space. 
0203 Here, the classification of the recording position 
shift of X space, 2Tmark, 2T space.Y mark” or 'X' mark, 2T 
space, 2Tmark,Y' space' in the patterns of Table 3 is realized 
by detecting b k-6 bits out of 13 bits of the record code 
(b k-12 to b k) as the boundary of the recording position 
deviation of “2T mark-2T space' or “2T space-2T mark”. For 
example, in S0->S6 pattern, it corresponds to comparison 
Subject patterns of the sequence of '4T or longer space, 2T 
mark, 2T space, a mark” and the sequence of “5T or longer 
space, 2T mark, 2T space, 2T mark'. The shift amount which 
depends on the lengths of these 2T mark and 2T space and the 
length of the preceding space and the length of the Succeeding 
mark is detected. Likewise, in S2->SO pattern, it corresponds 
to comparison subject patterns of “3T mark, 2T space, 2T 
mark, 4T or longer space and “2T mark, 2T space, 2T mark, 
5T or longer space'. The recording position shift amount 
which depends on these 2T space and 2T mark and the length 
of the preceding mark and the length of the Succeeding space 
is detected. 

0204 The shift detection method includes measuring Pa 
Pb-Pstd obtained by comparison of the Viterbi decoding and 
the reproduction signal for each pattern to detect the shift 
amount. Based on the result of the detection, they are con 
verted to the respective table values for the extended record 
ing compensation, and the recording compensation is made 
with these values. However, there is another example of the 
shift detection method. For example, a portion including a bit 
erroris extracted, and the error patternanda code sequence of 
an original record are compared. Based on the shift tendency 
of the bit error, the extended recording compensation is made. 
FIG. 23 shows a result of comparison of a correct code 
sequence and decoded error databased on comparison of a 
correct pattern of an actually-recorded code sequence and a 
Viterbi decoded bit derived from the reproduction signal. The 
result of FIG. 23 is an example result obtained by comparing, 
with a correct pattern, an error portion of Viterbi-decoded 
data reproduced from a record mark which has been recorded 
with recording compensation being made according to the 
length of the mark and the lengths of its preceding and Suc 
ceeding spaces, i.e., only recording compensation of marks 
and spaces with the Euclidean distance of 14 in Table 1 being 
made, before the extended recording compensation. 
0205. In FIG. 23, each pair of bars includes a data 
sequence of a correct pattern, i.e., a data sequence of an 
original record, on the left. Shown on the right is a result of an 
error in reproduced data obtained by Viterbi decoding a signal 
reproduced from part of an optical disc medium in which a 
correct pattern is recorded. In each bar, represents a mark of 
1T, and “1” represents a space of 1T. For example, "00' 
represents a 2T mark, and “000 represents a 3T mark. 
Among the pairs of code sequences shown in FIGS. 23(a)and 
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23(b), FIG. 23(a) shows a collection of code sequences erro 
neously detected as having made an anterior shift relative to 
the correct code sequences, and FIG.23(b) shows a collection 
of code sequences erroneously detected as having made a 
posterior shift relative to the correct code sequences. Record 
ing and reproduction of the code sequences advance from top 
to bottom of the drawing. 
0206. The leftmost pair of code sequences in FIG. 23(a) is 
part of a code sequence in which an error actually occurred in 
recording of the code sequence of '4T space, 2T mark, 2T 
space, 3T space and which was erroneously detected as 
being “3T space, 2T mark, 2T space, 3T mark'. The error 
recognized herein is such that each of “2T mark, 2T space, 3T 
mark' has made an anterior shift by 1 bit. The leftmost pair of 
code sequences in FIG. 23(b) is part of a code sequence in 
which an error actually occurred in recording of the code 
sequence of “3T mark, 2T space, 2T mark, 3T space' and 
which was erroneously detected as being “4T space, 2Tmark, 
2T space, 3T mark'. The error recognized herein is such that 
each of “3T mark, 2T space, 2T mark' has made a posterior 
shift by 1 bit. 
0207 Checking all the pairs of error code sequences of 
FIGS. 23(a) and 23(b), code sequences which actually 
include errors are found as follows. Specifically, in FIG. 
23(a), in 34 out of 40 patterns, the recorded patternis detected 
with an anterior shift in part of “3T or longer space, 2T mark, 
2T space” by 1 bit. In FIG. 23(b), in 23 out of 28 patterns, the 
recorded pattern is detected with a posterior shift in part of 
“2T space, 2T mark, 3T or longer space” by 1 bit. Thus, the 
large part of the errors are attributed to an anterior or posterior 
shift by 1 bit of a pattern represented by Table 3 which 
includes a consecutive sequence of "2T space-2T mark' or 
“2T mark-2T space'. 
0208. It is understood that the patterns represented by 
Table 3 above is a code sequence which readily causes a bit 
error due to optical intersymbol interference or thermal inter 
ference in the case of high density recording such as 33.4 GB. 
Also, as for these patterns, in the case of a consecutive pattern 
including the combination of “2T mark-2T space' as shown 
in FIG. 23(a), the reproduction signal includes an anterior 
error. In the case of a consecutive pattern including the com 
bination of “2T space-2T mark” as shown in FIG. 23(b), the 
reproduction signal includes a posterior error. 
0209. Therefore, the extended recording compensation is 
made using different recording compensation values for a 
case where a 2T mark is succeeded by a 2T space and pre 
ceded by a 3T or longer space and a case where a 2T mark is 
Succeeded by a 2T space and preceded by a 2T space, 
whereby the bit error can be ameliorated. 
0210. Likewise, the extended recording compensation is 
made using different recording compensation values for a 
case where a 2T mark is preceded by a 2T space and Suc 
ceeded by a 3T or longer space and a case where a 2T mark is 
preceded by a 2T space and Succeeded by a 2T space, 
whereby the bit error can be ameliorated. 
0211. These examples are more specifically described 
below. 
0212 First, it is assumed that the mark length of an inter 
ested mark and the space length of its immediately preceding 
space are the shortest lengths (2T) in encoded data. It is also 
assumed that the mark length of a mark with Succeeding that 
space (second mark) is the shortest length (2T). The move 
amount of two or more consecutive pulse edges (e.g., dTF1 
and dTF2) in the write pulse train in this case is described as 
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“x1'. The move amount of two or more consecutive pulse 
edges (e.g., dTF1 and dTF2) in the write pulse train under the 
circumstance where the length of the second mark is different 
from the shortest length (23T) is described as “y1. 
0213 Further, it is assumed that the mark length of an 
interested mark and the space length of its immediately suc 
ceeding space are the shortest lengths (2T) in encoded data. It 
is also assumed that the mark length of a mark with preceding 
that space (third mark) is the shortest length (2T). The move 
amount of two or more consecutive pulse edges (e.g., dTE2 
and dTE3) in the write pulse train in this case is described as 
“x2'. The move amount of two or more consecutive pulse 
edges (e.g., dTE2 and dTE3) in the write pulse train under the 
circumstance where the mark length of the third mark is 
different from the shortest length (23T) is described as “y2. 
0214 Under the above assumptions, changing X1, X2, y1, 
and y2 so as to meet the following formula is effective: 

Specifically, moving the write pulse edge in opposite direc 
tions depending on whether the preceding mark is “2T or 
“3T or longer and whether the succeeding mark is “2T or 
“3T or longer, according to the error distribution, and per 
forming the recording with a shift in the position of the 2T 
mark while the width of the recording pulse at the peak power 
level (top pulse width) is fixed, are especially effective. Such 
an arrangement enables reduction of intersymbol interference 
and thermal interference without changing the size of the 
record mark (2T). 
0215. Furthermore, a code sequence in which an error 
occurs is compared with original data to detect the type and 
direction of the code sequence in which the error occurs, and 
a combination of code sequences which has a highest fre 
quency of occurrence or highest probability of occurrence of 
bit errors is recording-compensated. Thereby, the bit error 
rate is further decreased, so that the reproduction signal qual 
ity can be improved. 
0216. Also, x1, x2, y1, and y2 may be controlled so as to 
meet the following formula: 

As a result, the half recording position of the 2T mark is 
shifted equally to the anterior side and the posterior side. The 
average of the recording positions of the entire 2T mark 
remains the same even after this write pulse edge is shifted. 
Therefore, even when the change amounts of the write pulse 
conditions (y1-X1, y2-X2) for the sequence of a 2T mark, a 
2T space with the preceding or Succeeding 2T mark, and a 3T 
or longer mark with the preceding or Succeeding 2T space are 
varied, the absolute values of the change amounts are main 
tained equal, and the change is made in opposite directions. 
Thus, the phase change in the PLL as a whole is Small, so that 
the detection error due to the phase shift in the PLL can be 
reduced. 
0217. Here, in the case where the Euclidean distance of the 
state transition patterns that can take two state transition paths 
is 12, the target value of the shift adjustment is not modified 
so that each pattern becomes 0. Instead, in the case where 4 
code sequences of mark, space, mark, and space include two 
or more correct code sequences, the shift adjustment may be 
carried out Such that the average of the shift amount becomes 
0 in two or more code sequences. The transitions “S2k 
7->Slk and “S3k-5->S2k in Table 3 each include a correct 
code sequence of “3T mark, 2T space, 2T mark, 3T space'. 
One of the code sequences which are to be compared is “2T 
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space, 2T mark, 2T space, 4T mark', and the other is “4T 
space, 2T mark, 2T space, 2Tmark'. Comparison with a code 
sequence of a different shift direction is carried out, and the 
adjustment is carried out Such that the average value of the 
shifts detected in the respective patterns becomes 0, whereby 
the shift deviation is effectively corrected, and intersymbol 
interference or thermal interference can be reduced. 

0218. Next, the record patterns are described. In general, 
as the code length increases, the frequency (probability) of 
occurrence of the record patterns relative to the code length 
decreases. Specifically, the frequency of occurrence is 
2T>3Ts-4T) ... >8T. For example, approximately, 2T is 38%, 
3T is 25%, and 4T is 16%. Note that the code length distri 
bution of a 17PP-modulated record pattern which is used in 
recording of common user data also depends on a non-modu 
lated data sequence. In the case where recording is carried out 
under write pulse conditions varied using record patterns 
which have different frequencies of occurrence of code 
lengths, and the recorded mark is read out and the difference 
between two write pulse conditions is detected as an edge 
deviation amount, the recording is affected by the above 
described frequencies of occurrence of respective code 
lengths of the modulated codes, so that the phase which is 
supposed to be locked by the PLL is significantly affected by 
a specific code length to vary. Especially in the recording of a 
2T mark which has the probability of occurrence of /3 or 
higher, a change in the edge position of the 2T mark leads to 
a change in the average phase distribution of the total record 
marks. Accordingly, the phase which is supposed to be locked 
by the PLL is shifted. In the case where the edge position 
information of the record mark is detected using a PLL clock, 
significant detection errors occur in the edge position infor 
mation or in the phase components of marks in the case of 
mark lengths which have relatively low frequencies of occur 
rence, especially in this embodiment, in the case of mark 
lengths equal to 4T or longer. 
0219. The record patterns used for adjustment of 2T and 
3T marks of the present embodiment are specific patterns in 
which the frequencies of occurrence of the code lengths from 
2T to 8T are generally equal and which are DSV-controlled. 
By using the above-described specific patterns with equal 
frequencies of occurrence, the frequency of occurrence of 
each code length is equal to "/7, so that the frequency of 
occurrence of each of 2T and 3T is /7, and the frequency of 
occurrence of 4T or longer is 5/7. Thus, the frequency of 
occurrence of 4T or longer marks becomes dominant. In this 
case, even when the write pulse conditions of the 2T and 3T 
marks are changed, the edge positions of the record marks of 
4T or longer whose write pulse conditions are not changed do 
not vary. Thus, the phase change of the PLL as a whole is 
small, so that the detection error due to the phase shift of the 
PLL can be reduced. 
0220 Signals which are to be pre-recorded may be pro 
duced by performing the first test writing using a code 
sequence from which the shortest mark length (2T) is 
excluded to obtain recording compensation values for the 
code lengths of 3T or longer mark lengths, and then, perform 
ing the second test writing using a code sequence including a 
2T signal to obtain recording compensation values for the 
code lengths including the 2T signal. In an optical disc 
medium where the storage capacity per data recording layer is 
33.4 GB, the amplitudes of short marks and spaces in the 
reproduction signal are extremely small. Under a circum 
stance where in Such an optical disc medium the record mark 
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position of a 2T signal has not been correctly recorded, cor 
rect positioning of long marks and spaces which are equal to 
or longer than 3T is sometimes difficult. In the case where a 
signal which includes an extremely large interSymbol inter 
ference as described above is reproduced, recording of the 
signal may be realized by first recording marks with the code 
length of 3Tw or longer and correctly making recording com 
pensation on the edge positions of marks and spaces of 3Tw or 
longer, and then recording a signal which includes a 2Tw 
signal and correctly making compensation on the recording 
positions of the 2Tw marks and spaces. With Such an arrange 
ment, recording can be carried out more correctly and more 
efficiently, so that the reproduction signal quality can be 
improved. 
0221. In the test recording, the record mark size and shift 
amounts of short marks, such as 2T and 3T marks, are differ 
ent among the respective recording conditions. As the tap 
coefficients of an adaptive equalization filter vary on every 
occasion of the test recording, the shift state of a read signal 
which depends on variations in the reproduction state in addi 
tion to variations in the recording state need to be additionally 
considered. Therefore, to correctly perform an adjustment of 
the shift caused by differences in recording conditions, in the 
case of making a recording adjustment, fixing the boost Val 
ues of the reproduction equalizer or the tap coefficients of the 
adaptive equalization filter in advance for adjustment of test 
recording or recording compensation is rather preferable. 
This enables a precise adjustment of the shift position of each 
pattern. 
0222 Next, the procedure of the extended recording com 
pensation is described with reference to FIG. 24. FIG. 24 is a 
flowchart illustrating the procedure of the extended recording 
compensation on an optical disc medium according to the 
present embodiment such that the write pulse conditions are 
optimized. A computer program which defines the process 
procedure described in this flowchart is executed by a com 
puter. The computer and hardware required for that process 
operate as the optical recording/reproduction device shown in 
FIG 1. 
0223) The first step is setting of the recording conditions. 
The write pulse condition calculating section 110 sets record 
ing conditions pre-recorded in the optical disc medium 101 or 
recording conditions stored in a memory of the optical 
recording device. 
0224. The second step is a writing step for adjustment of 
patterns which have the code distance of 14. The recording 
compensation section 112 controls the laser driving section 
113 and the light emitting section 102 to carry out test record 
ing in a predetermined track on the optical disc medium 101 
under the recording conditions set in the first step. 
0225. The third step is reproduction of a written signal and 
detection of an edge shift with the code distance of 14. The 
shift detecting section 109 detects 18 edge shift patterns 
shown in Table 1 according to the above-described edge shift 
detection method. 
0226. The fourth step is the step of determining whether or 
not the edge shift amount of the code distance of 14 shown in 
Table 1 is equal to or smaller than a desired value. If the edge 
shift amount is Suppressed to be equal to or Smaller than the 
desired value, the procedure advances to the next step. On the 
other hand, if the edge shift amount is not suppressed to be 
equal to or Smaller than the desired value, the procedure 
returns to the above-described second step. The write pulse 
condition calculating section 110 sets the recording compen 
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sation conditions according to the edge shift amount for 
another test recording session. 
0227. The fifth step is detection of a phase shift of the code 
distance of 12 shown in Table 2 and Table 3. The shift detect 
ing section 109 detects 18 patterns of phase shift shown in 
Table 2 and Table 3 according to the above-described shift 
detection method. 

0228 Note that, as for the code distance of 14, an "edge 
shift” is detected, but as for the code distance of 12, a “phase 
shift” is detected. The reasons for this are described below. 
Adjustment of the patterns with the code distance of 14 is 
realized by modifying the write pulse to change the "edge 
position' of a mark at the leading or trailing end. As such, it is 
necessary to detect an edge shift of a test-recorded mark. On 
the other hand, adjustment of the patterns with the code 
distance of 12 is not realized by adjusting the leading end 
position or trailing end position of a mark but by changing the 
recording positions of a plurality of consecutive marks and 
spaces. Therefore, it is necessary to detect test-recorded 
marks and spaces as a whole. In this specification, the differ 
ence between the detection targets is identified by using dif 
ferent terms, "edge shift” and “phase shift'. Note that using 
these different terms is for the sake of convenience and there 
fore should not be strictly interrupted. This is because the 
“phase shift” has a broader meaning that refers to detection of 
an edge shift in the respective test-recorded marks. 
0229. The sixth step is the step of determining whether or 
not the edge shift amount of the code distance of 12 shown in 
Table 2 and Table 3 is suppressed to be equal to or smaller than 
a desired value. If the phase shift amount is suppressed to be 
equal to or Smaller than the desired value, the adjustment 
procedure ends. If the phase shift amount is not suppressed to 
be equal to or Smaller than the desired value, the adjustment 
procedure advances to the next step. 
0230. The seventh step is the writing step for adjustment of 
the patterns with the code distance of 12. The write pulse 
condition calculating section 110 sets the recording compen 
sation conditions according to a phase shift result detected in 
the fifth step, and test recording is carried out in a predeter 
mined track on the optical disc medium. Then, the procedure 
returns to step 5. 
0231. The procedure of the present embodiment shown in 
FIG.24 includes performing test recording in a test recording 
area to determine recording compensation values. However, 
recording in the test recording area is impossible in some 
devices, such as a master-manufacturing exposure apparatus. 
In Such a case, test recording may be carried out on another 
material disc of the optical disc medium to determine the 
recording conditions before a master disc cutting process. 
0232. The optical disc medium of the present embodiment 
includes optical disc media of such a type that the effects of 
thermal interference greatly vary according to the lengths of 
spaces that precede and Succeed the mark. When writing is 
performed on an optical disc medium of Such a type, it is 
necessary to change the write pulse conditions according not 
only to the mark length but also to the lengths of the preceding 
and Succeeding spaces. Note that, however, when the lengths 
of spaces preceding and Succeeding the mark are considered, 
the number of combinations of the write pulse conditions 
increases two-dimensionally, and accordingly, the number of 
parameters adjusted via the test-recording increases. As such, 
the period of time required for learning increases, and a larger 
number of tracks in the recording condition learning area are 
consumed. In optical disc media which allow recording only 
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once in the same area, Such as write-once disc media, the 
number of learning sessions is limited because the recording 
condition learning area only has a limited number of tracks, 
and consuming a large number of tracks in one learning 
session is not favorable. As such, a write pulse condition 
optimizing method of the present embodiment includes 
adjustment of the write pulse conditions according to classi 
fication for respective mark lengths. In the case of an optical 
disc medium having properties which need no compensation 
according to the lengths of spaces preceding and Succeeding 
the mark, the write pulse conditions are corrected according 
only to the mark length, without performing an unnecessary 
adjustment step. In this way, by limiting the correction of the 
write pulse conditions to the adjustment for respective mark 
lengths, the time for the adjustment can be shortened, and the 
signal quality of recorded marks can efficiently be improved. 
0233. On the other hand, in the case of an optical disc 
medium which needs adjustment of the write pulse conditions 
according to the lengths of spaces immediately preceding and 
Succeeding a mark and the lengths of marks with the preced 
ing space and Succeeding space, or in the case where correc 
tion of the write pulse conditions for respective mark lengths 
and respective space lengths of the preceding and Succeeding 
spaces cannot solely provide Sufficient compensation for 
deviations of the recorded marks, the write pulse conditions 
are adjusted according not only to the lengths of spaces pre 
ceding and Succeeding the mark but to the lengths of marks 
preceding and succeeding the spaces, so that the signal qual 
ity of recorded marks can be improved. 
0234. Also, classification-related information, such as 
whether or not the extended recording compensation is made, 
the number of classes of mark lengths and space lengths for 
the recording compensation, whether or not the preceding 
mark compensation is necessary, whether or not the Succeed 
ing-mark compensation is necessary, the number of classes, 
etc., may be preliminarily stored in a predetermined area of an 
optical disc medium. The predetermined area may be the 
initial value storage area 1003 (FIG. 2) which is provided in a 
read-in area at the inner perimeter of the optical disc medium. 
This enables correction of the write pulse conditions accord 
ing to the properties of the optical disc medium, without 
performing unnecessary adjustment steps. In the case where 
the number of classes for the recording compensation, or 
whether or not the preceding- or Succeeding-mark compen 
sation is necessary, is thus known in advance, the time for 
adjustment can be shortened, and the signal quality of 
recorded marks can efficiently be improved. 
0235. After the learning in the optical disc drive, classifi 
cation-related information, such as whether or not the 
extended recording compensation is made, the number of 
classes of mark lengths and space lengths for the recording 
compensation, whether or not the preceding-mark compen 
sation is necessary, whether or not the Succeeding-mark com 
pensation is necessary, the number of classes, etc., may be 
recorded in a predetermined area. The predetermined area 
may be the initial value storage area 1003 which is provided 
in a read-in area at the inner perimeter of the optical disc 
medium. This enables correction of the write pulse conditions 
according to the properties of the optical disc medium, with 
out performing unnecessary adjustment steps at the next star 
tup. In the case where the number of classes for the recording 
compensation or whether the preceding- or Succeeding-mark 
compensation is necessary is thus known inadvance, the time 
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for adjustment can be shortened, and the signal quality of 
recorded marks can efficiently be improved. 
0236. A reproduction device or a reproduction method of 
the present invention includes a reproduction section or a 
reproduction step for irradiating an optical disc medium with 
laser light for reproduction of information. Furthermore, as 
previously described, the reproduction device or method may 
include a section or step of retrieving the classification-re 
lated information recorded in a predetermined area of an 
optical disc medium (for example, the initial value Storage 
area 1003), such as whether or not the extended recording 
compensation is made, the number of classes of mark lengths 
and space lengths for the recording compensation, whether or 
not the preceding- and Succeeding-space compensation is 
necessary, whether or not the preceding-mark compensation 
is necessary, whether or not the Succeeding-mark compensa 
tion is necessary, the number of classes, etc. This enables 
correction of the write pulse conditions according to the prop 
erties of the optical disc medium, without performing unnec 
essary adjustment steps at the next startup. In the case where 
the number of classes for the recording compensation or 
whether or not the preceding- or Succeeding-mark compen 
sation is necessary is thus known in advance, the time for 
adjustment can be shortened, and the signal quality of 
recorded marks can efficiently be improved. 
0237 Although the description of the present embodiment 
has been provided with an example of the PR(1.2.2.2.1)ML 
method, the present invention is not limited to this example. A 
combination of PRML methods which is capable of embody 
ing the concept of the present invention may be selected. 
0238 Although the embodiment of present invention 
which is described herein is the optical recording method, it 
may be an optical recording/reproduction method which 
includes recording and reproduction operations. 
0239. Although the embodiment of the present invention 
has been described with an example of an optical recording/ 
reproduction device and a write-once optical disc medium, 
the present invention is not limited to this example. The 
present invention is useful for a master-manufacturing expo 
Sure apparatus for rewritable optical disc media or read-only 
optical disc media. For example, in a mastering step included 
in the process of manufacturing a read-only optical disc 
medium, even when cutting of a material disc is carried out 
using a laser beam at the wavelength of about 400 nm on an 
inorganic resist coating, the effects of the optical recording 
method of the present embodiment are particularly achieved. 
0240 FIG. 25 shows such a material disc cutting appara 
tus. The material disc cutting apparatus includes an objective 
lens 2203, a motor 2204, a light modulator 2205, a laser 2706, 
a recording compensation circuit 2207, a memory 2208, a 
record pattern generation circuit 2209, and a turntable 2210. 
0241. As shown in FIG. 25, the memory 2208 contains the 
extended recording compensation values shown in FIG. 10 
which have been obtained by the device of FIG. 1. First, 
information about the adjustment method for dTF1, dTF2, 
dTF3, dTE1, dTE2, and dTE3 are retrieved from the memory 
2208. In the record pattern generation circuit 2209, modula 
tion, addition of ECC, Scrambling, etc., are performed, 
whereby it is converted into binary data for recording (NRZI 
signal). The laser beam emitted from the laser 2206 is modu 
lated in terms of the emission power by the light modulator 
2205 according to the output signal from the recording com 
pensation circuit 2207 and is directed via the objective lens 
2203 onto an inorganic resist coating 2202 applied over a 
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glass material disc 2201. In this step, the binary recording is 
realized by the presence and absence of irradiation. Thereaf 
ter, portions irradiated with the laser are molten away, and 
sputtering of a metal. Such as nickel, is performed, whereby a 
metal stamper having concavity/convexity pits is fabricated. 
The metal stamper is used as a mold to form a disc Substrate, 
and a recording film and other elements are formed on the disc 
substrate. The two substrates which have a recording film 
formed at least on one side are combined into one disc. 
0242. When cutting of a material disc is performed using 
an electron beam, pits can be formed with a high density 
because of its short wavelength. However, the time required 
for the cutting is considerably long as compared with the case 
of a laser beam, and accordingly, the production cost of a 
master disc of an optical disc medium increases. By using an 
optical information device of the present embodiment, cut 
ting of a material disc is performed using a laser beam, so that 
inexpensive optical disc media can be provided. 
0243 An optical disc medium manufacturing method of 
the present embodiment which uses the above-described 
master-manufacturing exposure apparatus may include the 
step of forming a predetermined area in an optical disc 
medium for storing information relating to classification 
which is necessary for the above-described extended record 
ing compensation. The information relating to classification 
may include whether or not the extended recording compen 
sation is made, the number of classes of mark lengths and 
space lengths for the recording compensation, whether or not 
the preceding-mark compensation is necessary, whether or 
not the Succeeding-mark compensation is necessary, the 
number of classes, etc. The predetermined area may be the 
initial value storage area 1003 which is provided in a read-in 
area at the inner perimeter of the optical disc medium. Such a 
manufacturing method enables recording of classification 
related information in an optical disc medium. This enables 
correction of the write pulse conditions according to the prop 
erties of the optical disc medium, without performing unnec 
essary adjustment steps. In the case where the number of 
classes for the recording compensation or whether or not the 
preceding- or Succeeding-mark compensation is necessary is 
thus known in advance, the time for adjustment can be short 
ened, and the signal quality of recorded marks can efficiently 
be improved. 
0244 Next, FIG. 26 is a schematic view of a stack con 
figuration of a three-layer optical disc medium of the present 
embodiment. In the three-layer optical disc medium, a Sub 
strate 2603, a data recording layer L0 2600 (“L0 is an abbre 
viation for “LayerO), a data recording layer L1 2601, a data 
recording layer L22602, and a cover layer 2606 are disposed 
in this order. The laser light comes in from the cover layer 
2606 side toward the Substrate 2603. 

0245. The thickness of the substrate 2603 is approxi 
mately 1.1 mm, the thickness of the cover layer 2606 is at least 
53 um or more, data recording layers L0, L1, and L2 are 
separated by transparent space layers 2604 and 2605. 
0246. In the present embodiment, in a specific example 
described herein, the thickness of the cover layer 2606 is 57 
um, the thickness of a space layer 2605 between L2 and L1 is 
18 um, and the thickness of a space layer 2604 between L1 
and L0 is 25um. The intervals between the respective data 
recording layers separated by the space layers are preferably 
designed such that interference of diffracted light from the 
respective data recording layers (interlayer interference) 
decreases. The present invention is not limited to the inter 
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layer distances defined by the above-described thicknesses of 
the space layers. Especially in the case of a layered disc, the 
L2 and L1 layers need to transmit light to inner layers and 
therefore need to be designed to have a transmittance as high 
as 55% to 65%. 
0247. In the case where writing is performed on a record 
ing medium which has a recording layer of such a high trans 
mittance with a high recording density of mark lengths that 
are beyond the optical resolution, the thicknesses of recording 
films of the respective data recording layers, reflection films, 
dielectric films, etc., need to be decreased in order to ensure 
the high transmittance. Therefore, diffusion of heat to the 
dielectric films and reflection films provided on the upper and 
lower sides of the recording film is smaller whereas diffusion 
of heat within the plane of the recording film is larger. Spe 
cifically, in recording of marks, the recording edge positions 
of marks deviate due to thermal interference. The extended 
recording compensation of the present invention is a record 
ing compensation method especially effective in the case 
where very small marks that are beyond the optical resolution 
are recorded on a recording medium having Such a high 
transmittance layer. 
0248. Note that, although an optical pickup head which is 
the same as those commonly used in conventional BDS is used 
in the examples described herein, the optical pickup head may 
have any configuration so long as it is configured to emit a 
beam on an optical storage medium and output a signal 
according to a beam reflected by the optical storage medium. 

INDUSTRIAL APPLICABILITY 

0249. The optical recording/reproduction method and 
optical recording/reproduction device according to the 
present invention, which are employed for optical disc media, 
are advantageously capable of high density recording on opti 
cal recording media, and are applicable to the electric and 
electronic device industries including digital home appli 
ances, information processing devices, etc. 

REFERENCE SIGNS LIST 

(0250) 101 optical disc medium 
0251 102 light emitting section 
0252) 103 preamplifying section 
0253) 105 waveform equalizing section 
(0254 108 PRML processing section 
(0255 109 shift detecting section 
0256 110 write pulse condition calculating section 
0257 111 recording pattern generating section 
0258 112 recording compensation section 
(0259 113 laser driving section 

1. An optical recording method for recording information 
by irradiating an optical disc medium with a modulated write 
pulse train of laser light variable over a plurality of power 
levels such that a plurality of marks are formed on the optical 
disc medium, edge positions of each of the marks and a space 
between adjacent two of the marks being utilized for record 
ing of the information, the method comprising the steps of 

encoding record data to generate encoded data which is a 
combination of marks and spaces: 

classifying the encoded data according to a combination of 
a mark length of a mark, a space length of a first space 
that immediately precedes the mark, and a space length 
of a second space that immediately Succeeds the mark; 
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generating a write pulse train for forming the mark, in irradiating the optical disc medium with the generated 
which at least one of a leading end edge position, a write pulse train to form the plurality of marks on the 
trailing end edge position, and a pulse width of the write optical disc medium. 
pulse train is changed according to a result of the clas 
sification; and c c c c c 


