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OPTICAL DATA RECORDING METHOD, AND DATA RECORDING MEDIUM 5 Technical Field
The present invention relates to a recording method for recording optical
data to a writable data recording medium, and to the structure of a data
recording medium used by this method. 10 Background Art Devices for
recording and reproducing optical data, particularly digital data, to data
recording media have been the subject of much development due to the
ability of such devices to store large volumes of data 15 using media of a
given physical size. The phase change optical disk is one type of
recordable optical data recording medium. To record to a phase change
optical disk, the beam from a semiconductor laser is focused on the
rotating disk to heat and melt, that is, change the phase of, a recording
film. The temperature of the recording 



20 film and the rate at which the film cools vary, for example, according
to the intensity of the optical beam. When the intensity of the optical
beam is high, the film cools rapidly from a high temperature state, and the
recording film is changed to an amorphous phase. When the optical beam is
relatively weak, the recording film 2   cools gradually from a medium-high
temperature state, and the recording film thus crystallizes. The resulting
amorphous areas of the recording film are normally referred to as a "mark;"
the crystallized part between consecutive marks is normally referred to as
a "space." These marks and spaces can be    2 used to record two-value
data, that is, Os and Is, It is also to be noted that laser power when the
optical beam intensity is high is referred to as "peak power," and laser
power when the optical beam intensity is low is referred to as "bias
power." 5             When reproducing data, a low power optical beam, that
is, a light beam not strong enough to produce a phase change in the
recording film, is 



emitted to the disk, and the light reflected back from the disk is then
detected. In general, the reflectance of the amorphous phase marks is low,
and the reflectance of crystal phase spaces is high. A reproduction signal
can therefore 10  be obtained by detecting the difference in the amount of
light reflected from the marks and spaces. Mark position recording (or PPM
recording) whereby information is recorded using the location of marks of a
constant length, and mark edge recording (or PWM recording) whereby
information is recorded using the length 15  of the marks and the length of
spaces between marks, are two methods of recording data to a phase change
optical disk. The data recording density of mark edge recording is
generally the higher of these two methods. The mark edge recording method
also generally records longer marks compared with the constant mark length
in mark position recording. Z2   When a peak power laser beam is emitted to
a phase change disk to record a long mark, heat accumulation in the
recording film produces marks that are wider in the latter half of the mark
as seen in the radial direction, something like a teardrop shape. Such
marks significantly degrade signal quality, causing, for example, degraded
signal linearity in the recorded signal, increased jitter during 25
reproduction, mark remnants that are left when the marks are overwritten by



direct overwrite recording, and signal crosstalk between tracks during
reproduction. Recording shorter marks and spaces is one means of increasing
3 recording density. A short space length, however, can result in therm
interference. For example, heat at the trailing end of a recorded mark i
transferred through the following space, which can then contribute to a
temperature increase at the beginning of the following mark. Heat at the 5
beginning end of one recorded mark can also transfer through the preceding
space and affect the cooling process at the end of the preceding mark. A
problem with thermal interference in conventional recording methods is that
mark edge positions will vary, causing a higher error rate during
reproduction. To address the above-noted problems, Japanese Unexamined 10
Patent Application Publication (kokal) 7-129959 (U.S. Patent numbers
5,490,126 and 5,636,194) teach a method for recording marks by segmenting
that part of the recording signal corresponding to a mark in mark edge 



recording into start, middle, and end parts, the start and end parts each
having a constant pulse width and the middle containing pulses of a
constant period. 15  This recording signal is then used to rapidly switch
the output of a two-value laser. With this method, the width of the middle
part of a long mark is substantially constant and does not spread because
laser output is driven with a constant period pulse current producing the
minimum power required for mark 20  formation. An increase in jitter at the
leading and trailing edges of the mark can also be suppressed during direct
overwrite recording because the laser beam is emitted with a constant pulse
width at the leading and trailing ends of the mark. lt is also possible to
detect whether marks, or spaces before and after a mark, are long or short,
and change the position at which the start and 25  end parts of a mark are
recorded according to the length of the mark and the leading and trailing
spaces. This makes it possible to compensate during recording for peak
shifts caused by thermal interference whereby heat at the end of a recorded
mark transfers through the following space and affects the    



4 heating process at the beginning of the next mark, and heat at the
beginning of a next recorded mark conversely travels back through the
preceding space and affects the cooling process at the end of the preceding
mark. Kokai 7-129959 does not, however, teach a method for 5  determining
the optimum positions of the start and end parts of a mark, nor does it
teach a specific structure and basis for changing or adjusting the start
and end edge positions. If such an optimum method and structure are not
defined, the reliability of optimized recording will be low, Furthermore,
even if optimized 10  recording is achieved, it will be at the expense of
excessive time spent searching for the optimum position and excessive
circuit cost. A method for changing the start and end edge positions of a
mark based on the data being recorded has been invented as a means of
achieving high density data recording. A problem with this method, however,
is that the 15  edge of a recorded mark can move due to thermal
interference as described above. This edge movement phenomenon is also
highly dependent upon the disk structure and the composition of the
recording film, and if either of these change even slightly, optimized
recording cannot be achieved. 



2D Disclosure Of Invention With consideration for the above described
problems, an object of the present invention is therefore to provide a
method for determining the optimum position of mark start and mark end
parts. A further object of the present invention is to provide a data 25
recording medium wherewith optimized recording is possible even with disks
of different types, including disk structure and recording film
composition. To achieve the above objects, a data recording medium
according to the present invention has a plurality of tracks to which data
is recorded by    5 controlling the lengths of marks and spaces remaining
between consecuti marks. The marks are formed by changing the optical
characteristics of thk recording film in the track recording surface. More
specifically, a mark start position Tu and mark end position Td are varied
according to an input signal so 5  that playback signal jitter is a
predetermined constant value or less, and one or both of these adjusted
start position Tu and end position Td values, or a typical 



value therefor, and the method for using these Tu and Td values, are
prerecorded to a predetermined location on the data recording medium. In a
data recording medium according to the present invention, the 10  mark
start position Tu can be determined based on the length of the mark part of
a recording signal and the space part immediately preceding the mark part
The mark end position Td can be similarly determined from the length of a
mark part and the immediately following space part of a recording signal. A
data recording medium according to a first aspect of the present 15
invention having a plurality of tracks for recording information
represented as marks and spaces between the marks, the marks being formed
by emitting to a track in the data recording medium an optical beam
modulated by one or a plurality of drive pulses where a number of the drive
pulses is adjusted according to a length of a mark part in the original
signal to be recorded to the 2M  track, comprises: a data recording area
for recording data, and a control information recording area for storing at
least one of a first pulse position Tu value for determining a start
position of a mark to be recorded, and a last pulse position Td value for
determining an end position of a mark to be recorded. It is therefore
possible to achieve recording optimized for specific 25 differences in disk
structure andlor recording film composition by reproducing 



these adjustment values Tu and Td and using them to generate an optimized
recording signal from which the marks and spaces are formed. A data
recording medium according to a second aspect of the    6 present invention
more specifically determines the first pulse position Tu from the length of
a mark part and the immediately preceding space part in the original
signal, and determines the last pulse position Td from the length of a mark
part and the immediately following space part in the original signal. 5
It is therefore possible to compensate during recording for the effects of
heat accumulation and thermal interference during recording, and for
equalizer distortion during reproduction, to achieve recording with little
jitter. A data recording medium according to a third aspect of the present
invention yet further expresses the first pulse position Tu as a time 10
difference TF between a first reference point R1, which is a leading edge
of a mark part in the original signal to be recorded, and a first edge of
the first pulse in a plurality of drive pulses, and expresses the last
pulse position Td as a time 



difference TL between a second reference point R2, which has a specific
known position relative to a trailing edge of a mark part in the original
signal to 15  be recorded, and a trailing edge of the last pulse in a
plurality of drive pulses. It is therefore possible to obtain mark start
position Tu and mark end position Td more accurately. In a data recording
medium according to a fourth aspect of the present invention, the length of
mark parts in the original signal and the length 2D  of space parts between
the mark parts are further specifically expressed as a value NT where T is
a reference period, and N is a positive integer from n1 to n2. Mark and
space parts are further separated into a plurality of groups used for mark
start and end position adjustment according to mark and space length; and
specific first pulse position Tu and last pulse position Td values are set
for 25  each adjustment group. Circuit scale can therefore be reduced by
combining a plurality of mark lengths and space lengths into a single
group. Recording with even less jitter can also be achieved by reducing the
number of mark lengths and space    



7 lengths in the group as the mark and space length decreases, and t
increasing the number of groups as mark and space length decreases. A data
recording medium according to a fifth aspect of the presen invention
further specifically separates mark parts by length into three groups, 5
and separates space parts by length into three groups. A data recording
medium according to a sixth aspect of the present invention yet further
separates mark parts by length into four groups, and separates space parts
by length into four groups. Recording with less jitter can thus be achieved
by even more 10  precisely separating mark and space lengths and further
increasing the number of adjustment groups. A data recording medium
according to a seventh aspect of the present invention increases the number
of adjustment groups as a length of the mark part and a length of the space
part decreases. 15             Shorter marks and spaces occur more
frequently, and by using a signal with a high frequency of occurrence as
the reference signal for adjusting mark position, it is possible to record
with less jitter compared with using a signal with a low frequency of
occurrence as the reference signal. 



In a data recording medium according to an eighth aspect of the 20  present
invention n1 is 3 and n2 is 11. In a data recording medium according to a
ninth aspect of the present invention, mark parts are separated by length
into three groups of 3T, 4T, and 5T or longer marks, and space parts are
separated by length into three groups of 3T, 4T, and ST or longer spaces.
25            In a data recording medium according to a tenth aspect of the
present invention, mark parts are separated by length into four groups of
3T, 4T, ST, and 6T or longer marks, and space parts are separated by length
into three groups of 3T, 4T, ST, and 6T or longer spaces.    8 In a data
recording medium according to an eleventh aspect of the present invention,
there are two or more methods of using Tu and Td with a plurality of
pulses, and information indicative of the method of use is prerecorded to
the control information recording area. 5             In a data recording
medium according to a twelfth aspect of the 



present invention, the method of Tu use uses Tu to change the rising edge
position of a first drive pulse without changing the width thereof, and the
method of Td use uses Td to change the falling edge position of a last
drive pulse without changing the width thereof. 10            In a data
recording medium according to a thirteenth aspect of the present invention,
the method of TU use uses Tu to change the width of a first drive pulse
without changing the falling edge position thereof, and the method of Td
use uses Td to change the width of a last drive pulse without changing the
rising edge position thereof. 15            In a data recording medium
according to a fourteenth aspect of the present invention, the information
indicative of the method of Tu and Td use is recorded to a position before
the position where the Tu and Td values are recorded referenced to the
direction in which information is recorded. A fifteenth aspect of the
present invention relates to a method for 20  obtaining a first pulse
position Tu for a data recording medium having a plurality of tracks, marks
formed by emitting to a track in the data recording medium an optical beam
modulated by one or a plurality of drive pulses where a number of the drive
pulses is determined according to a length of a mark part in the original
signal to be recorded to the track, a data recording area for recording 



25  information using the marks and spaces between the marks, and a control
information recording area having recorded thereto at least a first pulse
position Tu value and a last pulse position Td value whereby at least a
first pulse position Tu and a last pulse position Td of the drive pulse is
changed so as to    make a reproduction jitter a specific value or less.
This method comprises generating a pattern signal containing a pattern of
consecutive mark parts with a specific length of PT and space parts with a
specific length of QT where T is a reference period, P is a positive
integer from ni to n2, and Q is a positive 5  integer from nl to n2;
storing the pattern signal; generating a plurality of drive pulses from the
pattern signal; forming spaces and marks on the data recording medium by
generating and emitting thereto an optical beam modulated according to the
plurality of drive pulses; reproducing the marks and spaces recorded to the
data recording medium; comparing and obtaining a difference 10  between a
combination of mark and space parts in the reproduced reproduction signal,
and a combination of mark and space parts in the stored pattern signal; and
obtaining from this difference a first pulse position Tu for application to
an 



original signal containing a sequence of space parts of length OT and mark
parts of length PT. 15             More specifically according to a
sixteenth aspect of the present invention, first pulse position Tu is
obtained for a plurality of combinations of mark lengths and space lengths
by changing the values of P and Q. More specifically according to a
seventeenth aspect of the present invention, the pattern signal contains an
adjustment signal for obtaining a DSV 20  of 0. An eighteenth aspect of the
present invention relates to a method for obtaining a last pulse position
Td for a data recording medium having a plurality of tracks, marks formed
by emitting to a track in the data recording medium an optical beam
modulated by one or a plurality of drive pulses where 25  a number of the
drive pulses is determined according to a length of a mark part in the
original signal to be recorded to the track, and a control information
recording area for recording information using the marks and spaces between
the marks, and having recorded thereto at least a first pulse position Tu
value    



1 0 and a last pulse position Td value whereby at least a first pulse
position Tu and a last pulse position Td of the drive pulse is changed so
as to make a reproduction jitter a specific value or less. This method
comprises: generating a pattern signal containing a pattern of consecutive
mark parts with a specific 5 length of PT and space parts with a specific
length of QT where T is a reference period, P is a positive integer from nl
to n2, and Q is a positive integer from nI to n2; storing the pattern
signal; generating a plurality of drive pulses from the pattern signal;
forming spaces and marks on the data recording medium by generating and
emitting thereto an optical beam modulated 10  according to the plurality
of drive pulses; reproducing the marks and spaces recorded to the data
recording medium; comparing and obtaining a difference between a
combination of mark and space parts in the reproduced reproduction signal,
and a combination of mark and space parts in the stored pattern signal; and
obtaining from this difference a last pulse position Td for application to
an 15  original signal containing a sequence of space parts of length QT
and mark parts of length PT. It is therefore possible to accurately obtain
mark start position Tu and mark end position Td using simple specific
patterns with a short pattern 



length. 2)             Yet further preferably according to a nineteenth
aspect of the present invention, this method obtains last pulse position Td
for a plurality of combinations of mark lengths and space lengths by
changing P and Q. Yet further preferably according to a twentieth aspect of
the present invention, this method uses a pattern signal containing an
adjustment 25 signal for obtaining a DSV of 0. A twenty-first aspect of the
present invention relates to an apparatus for obtaining a first pulse
position Tu for a data recording medium having a plurality of tracks, marks
formed by emitting to a track in the data    1 1 recording medium an
optical beam modulated by one or a plurality of dri% pulses where a number
of the drive pulses is determined according to a length of a mark part in
the original signal to be recorded to the track, and a control information
recording area for recording information using the marks and 5 spaces
between the marks, and having recorded thereto at least a first pulse 



position Tu value and a last pulse position Td value whereby at least a
first pulse position Tu and a last pulse position Td of the drive pulse is
changed so as to make a reproduction jitter a specific value or less. This
apparatus comprises: means (125) for generating a pattern signal containing
a pattern of 10 consecutive mark parts with a specific length of PT and
space parts with a specific length of QT where T is a reference period, P
is a positive integer from nI to n2, and Q is a positive integer from ni to
n2; means (120) for storing the pattern signal; means (111) for generating
a plurality of drive pulses from the pattern signal; means (109, 103 - 106)
for forming spaces and marks on the 15 data recording medium by generating
and emitting thereto an optical beam modulated according to the plurality
of drive pulses; means (105 - 108, 112- 115) for reproducing the marks and
spaces recorded to the data recording medium; means (120) for comparing and
obtaining a difference between a combination of mark and space parts in the
reproduced reproduction signal, m   and a combination of mark and space
parts in the stored pattern signal; and means (127) for obtaining from this
difference a first pulse position Tu for an original signal containing a
sequence of space parts of length OT and mark parts of length PT, and
storing first pulse position Tu. Further preferably according to a
twenty-second aspect of the 



25  present invention, first pulse position Tu is obtained for a plurality
of combinations of mark lengths and space lengths by changing P and Q.
Further preferably according to a twenty-third aspect of the present
invention, the combinations are classified, and the reproducing means    12
comprises an equalizer (114), and the ratio between the output amplitude of
the equalizer at the frequency of the longest mark and the output amplitude
of the equalizer at the frequency of the shortest mark is 3 dB or less,
provided that the longest mark and the shortest mark are from the same
classification. 5             Distortion error by the equalizer during
reproduction can therefore be reduced, and recording with less jitter can
be achieved. Yet further preferably according to a twenty-fourth aspect of
the present invention, the pattern signal contains an adjustment signal for
obtaining a DSV of 0. 10             A twenty-fifth aspect of the present
invention relates to an apparatus for obtaining a last pulse position Td
for a data recording medium 



having a plurality of tracks, marks formed by emitting to a track in the
data recording medium an optical beam modulated by one or a plurality of
drive pulses where a number of the drive pulses is determined according to
a length 15  of a mark part in the original signal to be recorded to the
track, and a control information recording area for recording information
using the marks and spaces between the marks, and having recorded thereto
at least a first pulse position Tu value and a last pulse position Td value
whereby at least a first pulse position Tu and a last pulse position Td of
the drive pulse is changed so 20  as to make a reproduction jitter a
specific value or less. This apparatus comprises: means (125) for
generating a pattern signal containing a pattern of consecutive mark parts
with a specific length of PT and space parts with a specific length of QT
where T is a reference period, P is a positive integer from ni to n2, and Q
is a positive integer from nl to n2; means (120) for storing the 25
pattern signal; means (110) for generating a plurality of drive pulses from
the pattern signal; means (109, 103- 106) for forming spaces and marks on
the data recording medium by generating and emitting thereto an optical
beam modulated according to the plurality of drive pulses; means (105 -
108, 112-   



13 115) for reproducing the marks and spaces recorded to the data recording
medium; means (120) for comparing and obtaining a difference between a
combination of mark and space parts in the reproduced reproduction signal,
and a combination of mark and space parts in the stored pattern signal; and
5 means (127) for obtaining from this difference a last pulse position Td
for an original signal containing a sequence of space parts of length QT
and mark parts of length PT, and storing last pulse position Td. Further
preferably according to a twenty-sixth aspect of the present invention,
first pulse position Tu is obtained for a plurality of 10 combinations of
mark lengths and space lengths by changing P and Q. Further preferably
according to a twenty-seventh aspect of the present invention, the
combinations are classified, and the reproducing means comprises an
equalizer (114), and the ratio between the output amplitude of the
equalizer at the frequency of the longest mark and the output amplitude of
the 15  equalizer at the frequency of the shortest mark is 3 dB or less,
provided that the longest mark and the shortest mark are from the same
classification. Further preferably according to a twenty-eighth aspect of
the 



present invention, the pattern signal contains an adjustment signal for
obtaining aDSVofO. A twenty-ninth aspect of the present invention relates
to a recording and reproducing apparatus for recording and reproducing a
data recording medium having a plurality of tracks, marks formed by
emitting to a track in the data recording medium an optical beam modulated
by one or a plurality of drive pulses where a number of the drive pulses is
determined 25  according to a length of a mark part in the original signal
to be recorded to the track, and a control information recording area for
recording information using the marks and spaces between the marks, and
having recorded thereto at least a first pulse position Tu value and a last
pulse position Td value whereby at    14 least a first pulse position Tu
and a last pulse position Td of the drive pulse is changed so as to make a
reproduction jitter a specific value or less. This recording and
reproducing apparatus comprises: means (1505 - 1508, 1512 - 1517) for
reproducing a first pulse position Tu and a last pulse position Td 



5 prerecorded to the data recording medium; means (1520) for storing the
reproduced first pulse position Tu and last pulse position Td; means (1510)
for generating a drive pulse based on a data recording signal, and
correcting the generated drive pulse based on the first pulse position Tu
and last pulse position Td; means (109, 103- 106) for emitting an optical
beam based on the 10  corrected drive pulses to form spaces and marks on
the data recording medium. Further preferably according to a thirtieth
aspect of the present invention, the reproducing means comprises an
equalizer (1514), and the ratio between the output amplitude of the
equalizer at the frequency of the longest mark and the output amplitude of
the equalizer at the frequency of the shortest 15  mark is 3 dB or less. A
thirty-first aspect of the present invention relates to a manufacturing
apparatus for manufacturing a data recording medium having a plurality of
tracks, marks formed by emitting to a track in the data recording medium an
optical beam modulated by one or a plurality of drive pulses where 20  a
number of the drive pulses is determined according to a length of a mark
part in the original signal to be recorded to the track, and a control
information recording area for recording information using the marks and
spaces between the marks, and having recorded thereto at least one of a
first pulse position Tu 



value and a last pulse position Td value whereby at least one of a first
pulse 25  position Tu and a last pulse position Td of the drive pulse is
changed so as to make a reproduction Jitter a specific value or less. This
apparatus comprises: means (2701) for storing previously obtained first
pulse position Tu and last pulse position Td values for a drive pulse
sequence; adjustment method    15 information storage (2702) for storing
information indicative of a pulse position adjustment method; means (2703)
for converting the adjustment method information, first drive pulse
position Tu, and last drive pulse position Td to a signal for recording,
and generating a recording signal; and laser generating 5  means (2704,
2705, 2706) for generating a laser beam based on the recording signal.
Other objects and attainments together with a fuller understanding of the
invention will become apparent and appreciated by referring to the
following description and claims taken in conjunction with the accompanying
10  drawings. 



Brief Description Of Drawings Fig. 1 is a block diagram of an optical data
recording device according to a first embodiment of the present invention;
15             Fig. 2 illustrates signals used in the first embodiment
shown in Fig. 1; Fig. 3 illustrates recording pulse sequences in the first
embodiment shown in Fig. 1; Figs. 4A and 4B show exemplary pulse movement
tables in the 20 first embodiment shown in Fig. 1; Fig. 5 is used to
describe a grouping method in the first embodiment shown in Fig.. 1; Fig. 6
is used to describe a grouping method in the first embodiment shown in Fig.
1; 25             Fig. 7 is used to describe a grouping method in the first
embodiment shown in Fig. 1; Fig. 8 is used to describe a grouping method in
the first embodiment shown in Fig. 1;   



16 Fig. 9 is used to describe a grouping method in the first embodiment
shown in Fig. 1; Fig. 10 is a frequency characteristic diagram for a
reproduction equalizer in the first embodiment shown in Fig. 1; 5
Fig. 11 illustrates signals used in the first embodiment shown in Fig. 1;
Fig. 12 illustrates signals used in the first embodiment shown in Fig. 1;
Fig. 13 illustrates signals used in the first embodiment shown in 10 Fig.
1; Fig. 14 illustrates signals used in the first embodiment shown in Fig.
1; Fig. 15 is a block diagram of an optical data recording device according
to a second embodiment of the present invention; 15             Fig. 16 is
a plan view of a data recording medium in the second embodiment shown in
Fig. 15; Fig. 17 illustrates signals used in the second embodiment shown 



in Fig. 15; Fig. 18 illustrates recording pulse sequences in the second 20
embodiment shown in Fig. 15; Fig. 19 shows exemplary pulse movement tables
in the second embodiment shown in Fig. 15; Fig. 20 is a waveform diagram
for describing first pulse movement according to the present invention; 25
Fig. 21 is a waveform diagram for describing last pulse movement according
to the present invention; Fig. 22 is a waveform diagram for describing
first pulse width adjustment according to the present invention;    1 7
Fig. 23 is a waveform diagram for describing last pulse width adjustment
according to the present invention; Fig. 24 shows alternative pulse
movement tables according to the present invention; 



5             Fig. 25 is a plan view of a data recording medium according
to the present invention; Fig. 26 is a plan view of a further data
recording medium according to the present invention; Fig. 27 is a block
diagram of a system for cutting an optical disk 10  master according to the
present invention; and 1 Fig. 28 illustrates signals used in the first
embodiment shown in Fig. 1. Best Mode for Carrying Out the Invention 15
The preferred embodiments of the present invention are described below with
reference to the accompanying figures. An optical data recording method
according to a preferred embodiment of the present invention is described
next below with reference to the accompanying figures. Fig. l is a block
diagram of an optical data recorder 20  according to a first preferred
embodiment of the present invention. It is to be noted that this optical
data recorder is used primarily by manufacturers and other commercial users
for manufacturing optical disks. Shown in Fig. I are: an optical disk 101
having a plurality of concentric or spiral tracks, spindle motor 102,
semiconductor laser 103, 



25 collimator lens 104, beam splitter 105, objective lens 106 collective
lens 107, photodetector 108, laser drive circuit 109, pulse moving circuit
110, delay circuits 128 and 129 each having the same delay time, pulse
generator 111, preamp 112, low pass filter 113, reproduction equalizer 114,
digitizing circuit    18 115, PLL 116, demodulation and error correction
circuit 117, reproduction data signal 118, power setting circuit 119, pulse
position offset measuring circuit 120, switch 121, switch contacts 122,
123, and 124, pattern signal generator 125, bus 126 connecting pulse
position offset measuring circuit 120 and pulse 5 moving circuit 110, and
memory 127 for storing a table recording pulse movement information. Memory
127 stores the two tables shown in Fig. 48. These two tables are modified
by the method of the present invention, and are then rewritten as the two
tables shown in Fig. 4A. 10             The optical data recorder shown in
Fig. l is for generating a table such as shown in Fig. 4A. The table shown
in Fig. 4A and generated by the 



recorder shown in Fig. 1 is then transferred to memory in another recording
device such as shown in Fig. 27, and is recorded to a predetermined
recording area on all manufactured optical disks. 15             It is to
be noted that the optical head of the optical data recorder shown in Fig. 1
comprises the semiconductor laser 103, collimator lens 104, beam splitter
105, objective lens 106, collective lens 107, and photodetector 108. When
an optical disk 101 is loaded to the optical data recorder, the optical
head moves to an area used for determining the optimum positions for the
start 20  position and end position of each mark. This area for determining
the optimum start and end positions is an area at the inside circumference
area or outside circumference area of the disk, and is outside of the user
data recording area. An exemplary area is the drive test zone of the disk.
Switch 121 switches contact 122 to contact 123 at 25 this time. It is to be
noted that if limited specifically to recording devices used by a
manufacturer of optical disks, this area for determining the optimum start
and end positions can be the user data area.   



19 The power setting circuit 119 sets the laser drive circuit 109 to either
peak power or bias power. At this time the output signal from pattern
signal generator 125 is passed by switch 121 to the pulse generator 111.
Signal flow from the pulse generator 111 is described further below with
reference to 5 Fig. 2. Shown in Fig. 2 are a first pattern signal 201,
which is the output signal from the pattern signal generator 125; output
signal 202 from the pulse generator 111; output signal 203 from the pulse
moving circuit 110; and mark pattern 204 formed in the recording track of
the optical disk 101 as a result of 10  modulating laser power output
between peak power and bias power levels according to output signal 203. It
is to be noted that while signals 201, 202, and 203 are not generated on
the same time base, for convenience they are shown with corresponding parts
in each signal aligned vertically. In first pattern signal 201, mark parts
209, 211, 213, 215, 217, and 15  219 are the parts of the signal whereby a
mark is to be formed on the disk, and space parts 210, 212, 214, 216, 218,
and 220 are the parts of the signal that appear as a space on disk. It is
further assumed below that mark part 209 



follows space part 220 such that first pattern signal 201 comprises a
repeating pattern of parts 209 to 220. 20             For example, when
data generated by (2,10) run-length limited modulation is recorded using a
mark edge recording method, the marks and spaces have a shortest length of
3T and a longest length of 11T where T is the reference period. Mark part
209 is a 6T signal (a 6T mark part below), space part 210 is a 6T space,
211 is a 3T mark, 212 is a 6T space, 213 is a 6T mark, 25  214 is a 6T
space, 215 is a 6T mark, 216 is a 4T space, 217 is a 6T mark, 218 is a 6T
space, 219 is a 7T mark, and 220 is a 6T space. Note that if DSV is the
difference of the sum of mark and space lengths in a specific period, a
reproduction signal with a small dc component or    20 low frequency
component can be obtained when the marks and spaces are reproduced by
inserting signals 219 and 220 whereby a DSV of substantially zero can be
obtained. Reproducing a signal with many dc components or low frequency
components can result in the digitizing circuit 115 erroneously 



5 generating a signal with the wrong sequence of Os and Is. To prevent
this, a 7T mark part 219 and 6T space part 220 are inserted to the first
pattern signal 201 as a compensation signal assuring that the DSV is
substantially 0. More specifically, first pattern signal 201 is generated
so that the sum (34T) of the periods of mark parts 209, 211, 213, 10 215,
217, and 219 is equal to the sum (34T) of the space parts 210, 212, 214,
216, 218, and 220. DSV is calculated by adding the periods of the mark
parts as positive values and the periods of the space parts as negative
values. As a result, the DSV of first pattern signal 201 is 0. This first
pattern signal 201 is converted to a pulse sequence by 15 the pulse
generator 11 1, resulting in pulse generator output signal 202.. Pulse
output from the pulse generator 111 corresponding to marks of lengths from
3T to 11T is shown in Fig. 3. Referring by way of example to a 6T signal in
Fig. 3, the pulse at the start of the signal is referred to as the first
pulse 301, and the pulse at the 20  end of the signal is the last pulse
304. The pulses between the first pulse 301 and last pulse 304 are referred
to as multiple pulses 302 and have a constant period. In a 6T mark there
are two multiple pulses 302, in a 7T mark there 



are three, and in a 5T mark there is one. It will thus be obvious that the
number 25  of multiple pulses 302 between the first and last pulses
increases by one with each 1T increase in signal length, and decreases one
with each IT decrease in signal length. A 4T mark, therefore comprises only
the first and last pulses, and has no multiple pulses 302 therebetween. In
addition, a 3T mark comprises just    21 one pulse. It is to be noted that
in this preferred embodiment the time-base length of the first pulse is
1.5T, the last pulse is 0.5T, and the length of the multiple pulses is also
0.5T. The invention shall not be so limited, however, and 5 the length,
count, or period of these pulses can be varied as necessary according to
the structure of the optical disk 101. As noted above, first pattern signal
201 and pulse generator output signal 202 are not on the same time base.
However, the difference between the leading edge of first pattern signal
201 and the leading edge of the 10  first pulse of the pulse generator
output signal 202 is the same for any 



particular mark parts, and the difference between the trailing edge of the
first pattern signal 201 and the trailing edge of the last pulse of pulse
generator output signal 202 is also the same for any particular mark parts.
The pulse generator output signal 202 is input to the pulse moving 15
circuit 110, which generates and outputs a signal 203 in which the
positions of the first pulse and last pulse are moved. Figs. 4A and 4B
shows the combinations of marks and spaces used for shifting the first
pulse and last pulse positions. Fig. 4A shows the pulse movement tables
after correction by the 2D  method of this present invention, and Fig. 4B
shows the tables before correction. Symbols 3S3M, 4S3M, and so forth in the
tables in Fig. 4B are a type of address, and are indicative of the signal
type as well as the value written to that address. When read as an address,
the value 3S3M, for example, represents a signal in which a 3T mark follows
a 3T space. As will be described 25 more fully below, the value of the
first pulse movement TF stored at the place indicated by 3S3M is the
movement required when a 3T mark follows a 3T space. These first pulse
movement TF values are obtained by, for  



22 example, a trial and error process using a particular optical test disk,
and the resulting values are compiled in the tables in Fig. 4A. The content
of the completed table is stored for all optical disks having the same
structure as the optical test disk. Predetermined initial values are stored
in the table on the left 5  in Fig. 4A for the first pulse. The table on
the right in Fig. 4B stores the initial values before correcting the last
pulse movement. The position of the first pulse changes according to the
length of the mark and the immediately preceding space. In this preferred
embodiment, the marks and spaces are separated into three groups, that is,
3T, 4T, and 5T 10  or longer. A total of nine different last pulse
positions are therefore defined. Fig. 20 is an enlarged view of the 6T mark
217 in the first pattern signal 201 shown in Fig. 2, and the corresponding
part in the pulse generator output signal 202. As shown in the figure, a 4T
space 212 is immediately before the 6T mark 217. A 4T space followed by a
6T mark belongs to the 4S5M group 15  in the left table in Fig. 4A.
Correcting the initial first pulse movement TF stored for this group is
described below. 



The pattern signal generator 125 in the optical data recorder shown in Fig.
I generates a first pattern signal 201. This first pattern signal 201 is
sent to the pulse generator 111, delay circuit 129, pulse position offset
20  measuring circuit 120, and memory 127. As noted above, the two tables
shown in Fig. 4B are prestored to memory 127. The pulse position offset
measuring circuit 120 also stores the first pattern signal 201, which is
used for comparison with the reproduction signal during data reproduction.
The pulse generator 111 generates the output signal 202 required for
recording the pattern signal. 25  Referring to the signals shown on the top
two rows in Fig. 3, for example, the pulse generator 111 generates a first
pulse 301 corresponding to the rising edge of the mark in the first pattern
signal 201, then outputs multiple pulses 302, and last pulse 304.    23 The
pulse generator output signal 202 is delayed a predetermined period by the
delay circuit 128, and then passed to fhe pulse moving circuit 110. This
predetermined delay period is 13T in this exemplary embodiment. The first 



pattern signal 201 is analyzed in memory 127 to determine to which of the
18 5  signal groups, that is, 3S3M, 3S4M, 3S5M, 4S3M, 4S4M, 4S5M, 5S3M,
5S4M, 5S5M, 3M3S, 4M3S, 5M3S, 3M4S, 4M4S, 5M4S, 3M5S, 4M5S, and 5M5S, the
signal in the preceding lOT or longer period belongs. For example, if a 4T
space 216 is followed by a 6T mark 217 in the first pattern signal 201 from
the pattern signal generator 125, memory 127 detects that the signal
belongs to the 10  4S5M group. In response to this determination, memory
127 then reads and outputs to the pulse moving circuit 110 the amount of
movement stored in the table at 4S5M0. The initial 4S5M0 movement value is
read from the table the first time a movement value is read. The pulse
moving circuit 110 then moves the first pulse of the pulse generator output
signal 202 supplied thereto after a 15  predetermined delay based on the
initial movement value read from 4S5M0. Movement of the first pulse is
described in further detail below with reference to Fig. I and Fig. 20.
When the pulse moving circuit 110 is notified by memory 127 that a pattern
belonging to a specific group will soon arrive from the delay circuit 129,
it also receives the first pulse movement TF ZD  for that pattern from the
memory 127. For example, when the memory 127 informs the pulse moving
circuit 110 that a pattern belonging to the 4S5M group, that is, a 4T space
216 following by a 6T mark 217, will arrive from the delay 



circuit 129, it also sends the first pulse movement TF read for the 4S5M0
group. The pulse moving circuit 110 then begins counting first pulse
movement TF at 2   the rising pulse edge of the 6T mark 217 received from
the delay circuit 129, that is, at time R1 in Fig. 20. Output of the first
pulse from the delay circuit 128 is delayed for the period counted by the
pulse moving circuit 110, that is, for pulse movement TFI.    24 When pulse
movement is referenced to the rising edge RI of the first pattern signal
201, for example, first pulse movement TFI is expressed as the time
difference from reference time RI as shown in Fig. 20. In this exemplary
embodiment, pulse movement TF is approximately 3 ns. It is to be 5  noted
that the first pulse is moved without changing the pulse width. The pattern
signal shown in Fig. 2 contains signal components belonging to four of the
18 groups in the table shown in Fig. 4A: type 3M5S in period 221, type 5S3M
in period 222, type 4S5M in period 223, and type 5M4S in period 224. Each
of the pulse signal components corresponding to these four 



10  types in first pattern signal 201 are therefore moved. The laser is
therefore driven according to these moved pulses to record the actual
marks. The resulting marks 204 are shown in Fig. 2. In a preferred
embodiment of the present invention, the first pattern signal 201
comprising elements 209 to 220 as shown in Fig. 2 is output repeatedly and
15  recorded around one track. When recording one complete track is thus
completed, the track is reproduced. As will be described more fully below,
reproduction includes converting an optical signal from the photodetector
108 to an electrical signal, and then processing this electrical signal
with preamp 112, low pass filter 113, reproduction equalizer 114, and
digitizing circuit 115 to 20  obtain reproduction signal 205. The
reproduction signal 205 is input to pulse position offset measuring circuit
120. The reproduction signal 205 from a single track is thus input
repeatedly to the pulse position offset measuring circuit 120. The pulse
position offset measuring circuit 120 thus reads each of the periods 221,
222, 223, and 224 associated with different signal types multiple times, 25
and calculates the average for each period. The pulse position offset
measuring circuit 120 compares the periods 221, 222, 223, 224 corresponding
to the types obtained in the recorded first pattern signal 201 during
recording, and the averages for the same periods 



25 obtained from the reproduction signal 205 to detect whether any shifting
in pulse position has occurred. Using by way of example the signals
recorded and reproduced as described above, the combined time of the 4T
space 216 and 6T mark 217 in the first pattern signal 201 is compared with
the average obtained 5 for the corresponding period 224 in the reproduction
signal 205, and the difference therebetween is obtained. If there is a
difference, the pulse position offset measuring circuit 120 determines that
the pulse position shifted, and the calculated difference is therefore sent
to memory 127. Because this difference is the result of the initial
movement value 4S5M0, this initial movement value 10 4S5MO is increased or
decreased in memory 127 according to the difference, thereby correcting the
stored movement value. This corrected value is then overwritten to type
4S5M. It is to be noted that the stored movement value is corrected and
overwritten to 4S5M using a single feedback loop (through 110, 109, 108,
112, 15  115, 12D, 126) in the above exemplary embodiment. It will be
obvious, however, 



that a plurality of feedback loops can be alternatively used to correct the
value of the first pulse movement TF as shown in Fig. 20. Movement of the
last pulse position is similarly corrected. That is, last pulse position
movement changes according to the mark length and the 20  length of the
following space. In this exemplary embodiment marks and spaces are
separated into three groups based on length, 3T, 4T, and 5T or longer, and
pulse position movement is defined for each of the nine possible markfspace
combinations. The last pulse movement TL is then calculated using the same
method used to calculate first pulse movement TF. 25             Fig. 21 is
an enlarged view of the part of the pulse generator output signal 202
corresponding to the 6T mark 215 in the first pattern signal 201 shown in
Fig. 2. The last pulse movement TL is corrected in the same manner as the
first pulse movement TF described above. In the case of the last    26
pulse movement TL, however, the period from time reference R2 offset 2T
forward of the trailing edge of the mark to the trailing edge of the last
pulse is 



called the time interval, and this time interval is corrected by means of
the loop described above with reference to the first pulse. The last pulse
movement.TL 5 is approximately 13 ns in this exemplary embodiment. It is to
be also noted that the width of the last pulse does not change even though
the amount of last pulse movement TL changes, and in this exemplary
embodiment the pulse width remains the same with the pulse simply shifted
on the time axis. The output signal 206 from the pulse moving circuit 110
obtained 10  using the corrected pulse movement tables shown in Fig. 4A,
the marks 207 recorded as a result of this output signal 206, and the
reproduction signal 208 reproduced from these marks 207, are also shown in
Fig. 2. While the reproduction signal 205 obtained using the original,
uncorrected pulse movement table (Fig. 4B3 is not identical to the original
pattern signal 201, there 15  is substantially no difference between the
reproduction signal 208 obtained using the corrected pulse movement table
(Fig. 4A) and the original pattern signal 201. It is to be noted that four
of the eighteen pulse movement values are corrected as described above
using the first pattern signal 201 shown in Fig. 20  2. The other values
are similarly corrected using other pattern signals. More specifically,
types 4M5S, 5S4M, 3S5M, and 5M3S are corrected using a pattern 



signal 1101 as shown in Fig. 11; types 4M4S, 3M3S, 4S4M, 3S3M are corrected
using a pattern signal 1201 as shown in Fig. 12; types 4M3S, 4S3M are
corrected using a pattern signal 1301 as shown in Fig. 13; types 3M4S, 25
3S4M are corrected using a pattern signal 1401 as shown in Fig. 14. It is
to be noted that types 5M5S and 5S5M can be corrected using a pattern
signal 2801 as shown in Fig. 28, or a default value therefor can be simply
defined. It is to be noted that types 5M5S and 5S5M are preferably    27
corrected before the other types. This is because these marks and spaces
have the longest period and are therefore least affected by thermal
interference. The delay period is therefore small, and can be used as a
reference value for determining the other delay periods. 5             The
signal types used for changing the movement of the first pulse and last
pulse are determined based on the three major factors described below. The
first factor is the effect of heat accumulation in the recording 



film when marks are recorded, the amount of thermal interference, and the
10  difference in the amount of thermal interference resulting from the
specific mark/space combination. Note that as described above thermal
interference refers to the process whereby heat at the end of a recorded
mark transfers through the following space and affects the heating process
at the beginning of the next mark, and heat at the beginning of a next
recorded mark conversely 15 travels back through the preceding space and
affects the cooling process at the end of the preceding mark. The affects
of heat accumulation in the recording film can be reduced by inserting a
plurality of multiple pulses between the first and last pulses, and
emitting a laser beam of the lowest power level required for mark 2)
formation. These heat accumulation effects cannot be completely eliminated,
however, because the multiple pulses are formed with a constant period in
order to simplify the pulse generator 111. The extent of the effect of heat
accumulation and thermal interference is also dependent upon numerous
factors, including the structure 25  of the optical disk 101, properties of
the recording film, recording pulse, the linear speed used for recording to
optical disk 101, and the length of the shortest mark. The effect of heat
accumulation and thermal interference can 



also be attenuated to a certain degree by optimizing each of these
influencing    28 factors. To more fully understand this, let us focus on
how the effects of heat accumulation and thermal interference vary with
different combinations of marks and spaces. As will be known from Fig. 4A,
each first pulse is classified as one 5  of nine types or groups, which are
used for determining the movement of the first and last pulses. A method
for determining which of these nine types to use based on the above-noted
first factor is described next below with reference to Fig. 5 to Fig. 9.
Fig. 5 shows a method for determining the dependency of the elongation of
the starting position of an I IT mark on the space preceding the 10    11T
mark. Shown in Fig. 5 are the original signal 500, that is, the two-value
waveform of the signal used for recording; marks 501 recorded to the data
recording medium; and reproduction signal 502, that is, the two-value
waveform of the signal reproduced from the marks 501 recorded to the disk
Original 



15  signal 500, marks 501, and reproduction signal 502 are the result of
recording marks with a space (S x T) sufficiently long for an 11T mark
recorded between the marks. lntersymbol interference is thus minimized as a
result of this sufficiently long space. It is to be noted that space tsl in
the original signal 500 is ideally 20  equal to the time interval of space
tml1 in the reproduction signal 502. The positions of the first and last
pulses are moved to more closely approach this ideal. If the position of
the mark start position only is considered when determining how much to
move the marks, the first and last pulses can be categorized into
approximately three groups. A method for determining the 25  mark start
position group is described more fully below with reference to original
signal 520, marks 521, and reproduction signal 522 below. The original
signal 520 is the two-value waveform used for recording. In this case,
however, the space ts2l between the two 11T marks is    29 shorter than
that shown in the above original signal 500. As a result, heat at the 



trailing end of 11T mark 524 transfers through space 525 to the next 11T
mark 526, thus accelerating the start of 11T mark 526. The nominal length
of 11T mark 526 is thus increased by length a2. 5             As a result,
the time interval of space ts31 in reproduction signal 522 corresponding to
space ts2I in the original signal 520 is shortened, and the correct
reproduction signal cannot be obtained. A correct reproduction signal can
be obtained, however, by predicting the elongation at the start of I IT
mark 526, and delaying the rising edge of the mark part tm22 in the
original signal 10 520. The specific delay depends on the length of the
space ts2W. The length of the space ts2W is therefore varied for each time
T from 3T to 11T, an 11T mark is recorded for each space ts21, and edge
distance 527 is measured for each case. The results of these measurements
are graphed in Fig. 6. The 15 horizontal axis shows the length 3T to 1 IT
of each space ts21 in original signal 520, and the vertical axis shows the
difference of the combined length of mark part tm2O and space part ts2I in
the original signal 520 minus the edge distance r 527. As space length
decreases, the point at which 11T mark 526 starts moves forward, that is,
closer to the preceding pulse, due to thermal 2)  interference when the
space is short, such as 3T or 4T. 



Fig. 7 shows one way of combining spaces of substantially the same length
into common groups based on the values shown on the vertical axis in Fig.
6. Spaces of substantially different length are placed in separate groups.
This method produces three groups: 3T spaces, 4T spaces, and 25  spaces of
5T or longer. These results and groups are further mapped in Fig. 8. Shaded
cells indicate space/mark combinations for which measurements have been
obtained. Bold lines indicate the groups.    30 As described with reference
to Fig. 5, elongation at the start of an 1IT. mark varies according to the
length of the immediately preceding space, and can be separated into the
above three groups, 3T, 4T, and 5T or longer. Fig. 9 shows the results of
the evaluation described above with 5 reference to Fig. 5 to Fig. 8
performed for all rows and columns, It will be known from Fig. 9 that both
marks and spaces are preferably separated into the above three or more
groups, 3T, 4T, and 5T or longer, for determining first 



pulse movement. Last pulse movement varies according to the mark length and
10  immediately following space. For the same reasons that apply to the
first pulse, last pulse movement is preferably determined based on the same
three or more groupings, that is, 3T, 4T, and 5T or longer, of marks and
spaces described above. It is to be noted that when measurement results are
substantially 15 equal, such as from 5T to 11 T, in adjacent cells in the
maps shown in Fig. 9, those cells are grouped together. This makes it
possible to reduce the scale of the pulse moving circuit 110. As will be
known from the above description, by focusing on the difference in size
resulting from specific marklspace combinations, and placing 22
combinations where the space length is 3T or 4T into a group separate from
combinations where the space length is 5T or longer, this preferred
embodiment of the invention can control first pulse movement and last pulse
movement according to the mark/space pattern, and can thereby achieve
recording with little jitter. 25            In addition, by focusing on the
difference in size resulting from specific mark/space combinations, and
placing combinations having a space 



length of 3T and combinations having a space length of 4T into separate
groups, this preferred embodiment of the invention can control first pulse
31 movement and last pulse movement according to the mark/space pattern.
The properties of the reproduction equalizer 114 are a second factor.
Reproduction equalizer 114 properties depend on such factors as the beam
spot size and shortest mark length. The beam spot size is determined by 5
the wavelength of the semiconductor laser 103 and the aperture of the
objective lens 106. A method of grouping marks and spaces in order to
change first pulse movement and last pulse movement due to this second
factor is described next below with reference to Fig. 10. 10
Fig. 10 is a typical graph of the frequency characteristic of the
reproduction equalizer 114. This shows the amplitude ratio of the equalizer
output signal to the input signal; signal frequency is shown on the
horizontal axis, and output amplitude is shown on a logarithmic scale on
the vertical axis. 



The frequency of 3T, 4T, 5T, and 1 T signals is shown along the horizontal
axis. 15  Note that the frequency of a 3T signal is high, the marks
recorded and reproduced for a 3T signal are therefore small, and the
amplitude of the reproduced optical signal is therefore low. Equalizer
characteristics are therefore set to increase the output amplitude to
compensate for this attenuation of the optical frequency characteristic.
This can be accomplished 2)  by using a high pass filter or a bandpass
filter with a peak at a frequency slightly higher than 3T, with or without
an amplifier used in combination. The slope of the curve, that is, the
difference in the output amplitude of a high frequency signal in which mark
or space length is 3T, and the output amplitude of a low frequency signal
in which mark or space length is 25  11T, increases as the shortest mark
length decreases. As a result, the difference between, for example, the
output amplitude at a frequency of 5T and the output amplitude at a
frequency of 11T, also increases. If marks for which the difference in
output amplitude is great are    32 



included in the same group when separating the marks for changing first and
last pulse movement, reproduction equalizer 114 properties prevent correct
edge position reproduction even if the first and last pulses are recorded
to specifically eliminate the effects of heat accumulation in the recording
film and 5  thermal interference. It is therefore preferable for the
difference in the output amplitude characteristic of the reproduction
equalizer 114 to be as small as possible for all marks in the same group.
It is further preferable for the ratio between the output amplitude of 10
the reproduction equalizer 114 at the frequency of the longest mark to the
output amplitude of the reproduction equalizer 114 at the frequency of the
shortest mark in the plurality of marks in the same group to be 3 dB or
less. This value, 3 dB or the square root of 2, is relatively commonly used
when working with frequency characteristics. In other words, when signals
of any 15 frequency but with the same amplitude the amplitude difference
between the input signal and output signal of the equalizer is In other
words, regardless of frequency, when signals of the same amplitude are
input, the amplitude ratio of the input signal and output signal from the
equalizer will always be a difference equal to the square root of 2. By 



2D  controlling the output amplitude ratio to 3 dB or less as a threshold
value for grouping signals together as in this preferred embodiment of the
invention, distortion error introduced by the equalizer during reproduction
is reduced, and recording and reproducing with less jitter can be achieved.
It is to be noted that in mark edge recording using a 25 semiconductor
laser 103 with a 650 nm wavelength, an objective lens 106 with an aperture
of 0.6, a shortest mark length of 0.595 [err]m, and (2,10) run-length
limited modulation, marks shorter than 5T, that is, 3T and 4T marks, are
preferably not included in the same group as 11 T marks. Further
considering    33 the size of the pulse moving circuit 110, 5T and longer
marks, or 6T and longer marks, are preferably included in the same group.
In this exemplary embodiment, T is approximately 30 ns, 3T is approximately
90 ns, and 11T is approximately 330 ns. 5             A third factor is the
scale of the pulse moving circuit 110 and the desired precision with which
pulse movement is determined, and the limited 



scale of the pattern signal generator 125 and memory 127. Based on the
above described first and second factors, marks or spaces with a great
difference in heat accumulation or thermal interference are 10  placed into
different groups, and marks resulting in a significantly different output
amplitude from the reproduction equalizer are also placed in different
groups. However, the number of storage registers increases as the number of
groups increases, and this increases the scale of the pulse moving circuit
110. In addition, if the number of registers is increased, the number of
patterns used 15  for determining the values stored to the registers also
increases, and the scale of the pattern signal generator 125 therefore also
increases. Yet further, the time required to set the registers increases
whether the register values are set at the factory or by the end user, and
the recording track space required for setting the registers also
increases. 2D             It is therefore desirable to minimize the number
of groups used for determining first and last pulse movement. By grouping
marks of 5T and longer in the same group as described according to this
preferred embodiment, the scale of the pulse moving circuit 110, and the
scale of the pattern signal generator 125, can both 25  be minimized. 



Although determining the optimum grouping of marks and spaces is affected
by several factors, the three factors described above are considered in
particular to determine the group types shown in Fig. 4A in the present
34 embodiment. It is to be noted that a predetermined initial value is set
as shown in Fig. 48 before pattern signal recording. These initial values
can be separately determined from experience, or they can be all set to the
same 5 value. If the same initial value is used for all, the value, for
example, 1 ns, stored for the first pulse movement in a 5S5M pattern in the
left table in Fig. 41, for example, is preferably stored for all patterns.
In the case of the right table in Fig. 4B, the value stored for 5M5S is
used. Note, further, that in this case the value set for the 5SSM pattern
is determined so that the time between first 10  pulse 301 and multiple
pulses 302 is 0.5T as shown in Fig. 3, and the value set for 5M5S is
determined so that the time between multiple pulses 302 and last pulse 304
is 0.5T. 



It will also be obvious that the values set for 5S5M and 5M5S can also be
determined using other methods. An example is shown in Fig. 28. 15
As shown in Fig. 28, the pattern signal 2801 of the pattern signal
generator 125 in this example has a single period of 6T. Also shown are
output signal 2802 from the pulse generator 111; output signal 2803 from
the pulse moving circuit 110; and marks 2804 formed in the recording track
of the optical disk 101 as a result of modulating laser power output
between peak power and 20  bias power levels according to output signal
2803. It is to be noted that while signals 2801, 2802, and 2803 are not
generated on the same time base, for convenience they are shown with
corresponding parts in each signal aligned vertically. The pattern signal
2801 in this case represents marks and spaces 25  with a simply repeating
6T period, and thus contains typs 5S5M and 5M5S of the eighteen pattern
types shown in Fig. 4A. The laser is then driven based on drive signal 2803
in Fig. 28 to record the marks 2804. In this exemplary embodiment, pattern
signal 2801 in Fig. 28 is repeatedly recorded around one    



35 complete circumference of the recording track. When this track is
recorded, it is then reproduced. Reproduction includes converting an
optical signal from the photodetector 108 to an electrical signal, and then
processing this electrical signal with preamp 112, low pass filter 113, and
reproduction equalizer 114. 5  The reproduction signal 2805 from the
reproduction equalizer 114 is applied to asymmetry measuring circuit 130
and digitizing circuit 115. The digitizing circuit 115 adjusts the slice
level signal 2809 so that the output level corresponding to a mark and the
output level corresponding to a space in the output signal of the
digitizing circuit are at equal intervals, and applies this slice level
signal 2809 to 10  the asymmetry measuring circuit 130. The asymmetry
measuring circuit 130 compares the average of the high 2811 and low 2810
peak values of the reproduction signal 2805 with the slice level signal
2809. When the difference therebetween is a predefined level or greater,
the lengths of the marks 2804 and spaces are not equal. This 15  difference
is attributable to a shift in the first pulse and last pulse positions.
Initial movement values 5S5M0 and 5M5S0 are therefore corrected according
to the sign of the difference so that, for example, the first pulse and
last pulse each move the same time-base distance in opposite directions.
The corrected 



values are then overwritten to memory 127. 20            It is to be noted
that the stored movement values are corrected and overwritten to 5M5S and
5S5M using a single feedback loop (through 110, 109, 108, 112, 115, 120,
126) in the above exemplary embodiment. It will be obvious, however, that a
plurality of feedback loops can be alternatively used. As a result, 5S5M
and 5M5S values whereby 6T marks can be recorded at the 25  correct length
can be obtained. By thus correcting the physical length of a mark used as a
reference, marks in other groups can also be recorded at the correct
length, and recording with less jitter can be achieved. The output signal
203 from the pulse moving circuit 1 10 is input to    36 the laser drive
circuit 109 whereby laser power is modulated so that the laser emits at
peak power while output signal 203 is high, and emits at bias power while
the signal is low, to form a mark sequence 204 as shown in Fig. 2. During
reproduction, the collimator lens 104 converts the laser 5 beam emitted
from the semiconductor laser 103 to parallel light, which is then 



incident on the beam splitter 105. Light passing the beam splitter 105 is
focused to a light spot by the objective lens 106, and emitted to the
optical disk 101. Light reflected from the optical disk 101 is then
collected by the 10  objective lens 106, and passed back to the beam
splitter 105. Light reflected by the beam splitter 105 is collected by
collective lens 107, and focused on photodetector 108. The photodetector
108 converts light incident thereon to an electrical signal, which is then
amplified by the preamp 112. The output signal 15  from the preamp 112 is
then passed through the low pass filter 113 whereby high frequency signal
components are blocked. The reproduction equalizer 114 then equalizes the
signal, which is next binarized by the digitizing circuit 115 using a
predetermined slice level. A reproduction signal 205 converted to a
sequence of Os and 1s is thus output from the digitizing circuit 115 to the
pulse 20  position offset measuring circuit 120. The pulse position offset
measuring circuit 120 measures the specific edge intervals 221, 222, 223,
and 224 in the reproduction signal 205. If the measured edge interval 221
in Fig. 2 is longer than the normal 9T interval, the setting for last pulse
movement 3M5S in Fig. 4A is 



25  reduced by the difference between the measured interval 221 and the
normal 9T interval from the current setting of 3M5SO by way of bus 126. The
setting for first pulse movement 5S3M in Fig. 4A is similarly increased
from the current 5S5MO setting by the difference between the edge interval
222 and the normal    9T interval by way of bus 126 if the edge interval
222 is longer than the normal 9T interval. The values stored for 4S5M and
5M4S are likewise corrected based on the measured edge intervals 223 and
224. When these four settings are updated, the first pattern signal 201 5
is again recorded and the edge intervals are measured. This process is
repeated until the difference between the normal interval and the measured
edge interval is below a predetermined threshold level simultaneously for
all four edge intervals. Note that when measuring the edge intervals, the
edge that is not moved is the falling edge of 6T mark 209, and the
immediately following 10  space is 6T space 210, in the case of edge
interval 221, for example. In the case of edge interval 222, the rising
edge of 6T mark 213 is not moved, and the immediately preceding space is 6T
space 212. 



The mark and space between which are located the edge that is not moved
within a mark/space pattern are referred to herein as a reference 15
signal. This edge is further referred to as the reference edge. If the
reference edge moves in conjunction with an edge that is moved, movement
settings cannot be correctly determined because there is no fixed point of
reference. The position of the reference edge must therefore must remain
stationary and cannot move in conjunction with the edge that is moved. 20
Furthermore, even when the edge in the reference signal does not change in
conjunction with an edge that is moved, it may be necessary to change the
reference signal so that the reference edge does not move in conjunction
with the shifted edge. For example, if the reference signal includes a mark
of the shortest possible length, it is necessary to change the reference 25
signal so that the reference signal edge does not change at any of the
movement settings defined for the shortest marks. Considering the potential
for setting variations, the reference marks are preferably fixed. If the
reference signal is included in the same group as the longest    



38 signal, the same reference signal can be used for all settings shown in
Fig. 4A, and mark start and end positions can be more accurately determined
in various mark/space combinations. Though small, there are also
differences in the change of the mark 5 edge position even in the longest
signal group because of differences in heat accumulation and thermal
interference within the group for changing first pulse and last pulse
movement. However, by selecting as the reference signal a mark/space signal
with a high frequency of occurrence that also belongs to the group
containing the longest possible signal as in this preferred embodiment of
10  the invention, an overall reduction in the occurrence of imprecise edge
positions can be achieved. Furthermore, though small there are also
differences in the output amplitude of the reproduction equalizer when
reproducing different mark/space signals in the group containing the
longest possible mark because of 15  differences in the output amplitude of
the reproduction equalizer 114 within the group for changing first pulse
and last pulse movement. However,by selecting as the reference signal a
mark/space signal with a high frequency of occurrence that also belongs to
the group containing the longest possible signal 



as in this preferred embodiment of the invention, the occurrence of
imprecise 2D  edge positions can be reduced in the overall recording and
reproducing system. By thus achieving an overall reduction in the
occurrence of edges at imprecise positions, the probability of reliable
error correction by the demodulation and error correction circuit 117
during actual data recording is improved. 25            It is to be noted
that the frequency of signal occurrence increases and the output amplitude
of the reproduction equalizer increases as signal length decreases.
Selecting the reference mark therefore involves a trade-off between
frequency of occurrence and output amplitude. Furthermore, while    39
marks and spaces of 5T or longer are in the same signal group in this
preferred embodiment of the invention, a 6T reference mark is used in
consideration of the reproduction equalizer characteristics. It is to be
further noted that the initial values set for 3S3MO and 5  3M3S0 are
selected to that the reference marks will be recorded with the 



correct length. Different initial values can, however, be used based on the
structure of the optical disk 101. When recording the first pattern signal
is completed, a second pattern signal is recorded. Shown in Fig. 11 are
second pattern signal 1101, 10  which is the output signal from the pattern
signal generator 125, output signal 1102 from the pulse generator 111;
output signal 1103 from the pulse moving circuit 110; and mark pattern 1104
formed in the recording track of the optical disk 101 based on output
signal 1103. The first pulse settings 5S4M and 3S5M, and last pulse
settings 4M5S and 5M3S in Fig. 4A are then updated using the 15 same method
described above using the first specific pattern signal 201. When recording
the second pattern signal is completed, a third pattern signal is recorded.
Shown in Fig. 12 are third pattern signal 1201, which is the output signal
from the pattern signal generator 125; output signal 1202 from the pulse
generator 111; output signal 1203 from the pulse moving circuit 20  110;
and mark pattern 1204 formed in the recording track of the optical disk 101
based on output signal 1203. In Fig. 12, the IOT period of 1210 and 1211 (a
6T space and 4T mark) and the IOT period of 1212 and 1213 (a 4T mark and 6T
space) have the same time length and appear as a continuous wave. Measured
signal 1210 - 1211 and the next measured signal 1212 - 1213 therefore have 



25  the same length, and it is difficult to accurately separate and measure
the measured signals. Utilizing the fact that jitter is minimized if the
two 1OT periods are substantially the same length, a jitter meter can
therefore be substituted for measurement. Other than these signal periods,
the same    40 method used with the first pattern is applied to set and
update the first pulse settings 4S4M and 3S3M, and last pulse settings 4M4S
and 3M3S in Fig. 4A. When recording the third pattern signal is completed,
a fourth pattern signal is recorded. Shown in Fig. 13 are fourth pattern
signal 1301, 5 which is the output signal from the pattern signal generator
125; output signal 1302 from the pulse generator 11; output signal 1303
from the pulse moving circuit 110; and mark pattern 1304 formed in the
recording track of the optical disk 101 based on output signal 1303. The
first pulse setting 4S3M and last pulse setting 4M3S in Fig. 4A are updated
using the same method used with 10  the first pattern signal. When
recording the fourth pattern signal is completed, a fifth 



pattern signal is recorded. Shown in Fig. 14 are fifth pattern signal 1401,
which is the output signal from the pattern signal generator 125; output
signal 1402 from the pulse generator 111; output signal 1403 from the pulse
moving circuit 15  110; and mark pattern 1404 formed in the recording track
of the optical disk 101 based on output signal 1403. The first pulse
setting 3S4M and last pulse setting 3M4S in Fig. 4A are updated using the
same method used with the fourth pattern signal. It is therefore possible
with the method according to this preferred 20  embodiment to compensate
during recording for the effects of heat accumulation and thermal
interference during recording and distortion from the equalizer during
reproduction, and thus record a marklspace pattern with little jitter, by
determining the mark start position from the length of the recorded mark
and the length of the space preceding the mark, and determining the mark 25
end position from the length of the recorded mark and the length of the
space following thereafter. In addition, by recording first to fifth
patterns and compensating the mark start and end positions to minimize the
offset from a specific reference   



41 edge and the normal mark length, optimum first pulse and last pulse
movement can be determined for any signal pattern not contained in the
first to fifth patterns. It is therefore possible to record marks at the
correct position during actual data recording, and recording with little
jitter can thus be achieved. 5              It should also be noted that
the method according to this preferred embodiment uses simple symbol
patterns whereby the difference DSV is controlled to substantially zero
only when DSV is not 0. As noted above, DSV is the difference between the
reference signal, measured signal, and marks and spaces in a specific
period. 10             For example, the sum of marks in the first pattern
signal 201 in Fig. 2 is 34T and the sum of spaces is also 34T. By
incorporating into one pattern two types of measured marks with different
edge intervals, the settings shown in Fig. 4A can be determined using fewer
patterns. It is also possible to minimize the time and recording track
space, and the scale of the pattern signal 15  generator 125, needed to
determine the settings. As described above, the pulse position offset
measuring circuit 120 measures the position offset of the output signal
from the digitizing circuit 



115 to detect the edge interval or jitter interval, modifies the table
stored in memory 127 based on the measured results, and sends a signal
indicative of 20  the corrected pulse edge position to the pulse moving
circuit 110 to shift the first pulse and last pulse. It is alternatively
possible, however, to pass the output signal from the digitizing circuit
115 over a general purpose interface bus (GPIB) to a timer interval
analyzer or other analyzer for measuring the time interval or jitter, 25
further connect the time interval analyzer over a GPIB to a personal
computer, and then pass signals from the personal computer to the pulse
moving circuit 110 through a SCSI or other bus interface. In this case it
is not necessary for the recording device to comprise the pulse position
offset measuring circuit 120,    42 and can thus be simplified. It is to be
noted that while this preferred embodiment shifts the first pulse and last
pulse according to the specific mark/space combination, the same method can
be applied to optimize the pulse width in a recording method 



5 whereby the pulse width of the first pulse and last pulse are modified.
Fig. 22 shows the signal parts corresponding to 6T mark 213 in first
pattern signal 201 and 6T mark 213 in pulse generator output signal 202 in
Fig. 2 when the space length before the 6T mark is 6T, 4T and 3T according
to an alternative method of the present embodiment whereby optimization is
10 achieved by pulse width modification. The width of the first pulse
changes according to the length of the mark and the preceding space. In
this preferred embodiment, both marks and spaces are separated into three
groups of 3T, 4T, and 5T or longer, and mark edge movement is therefore
defined for nine possible combinations of marks 15 and spaces. Movement of
the rising edge of the first pulse is expressed as movement TF referenced
to the rising edge of first pattern signal 201, for example. The falling
edge of the first pulse does not move. 6T mark 213 belongs to the 5S5M
group because the preceding space is 6T long, and TF1 is 20  approximately
1 ns. When the preceding space is 4T long, movement of the rising edge of
the first pulse is in the 4S5M group, and TF2 is approximately 3 ns. When
the preceding space is 3T long, the first pulse width is in the 3S5M group,
and TF3 is approximately 5 ns. Note that while the value of TF changes, 



the falling edge of the first pulse does not move. As a result, the width
of the 25  first pulse changes. Fig. 23 shows the signal parts
corresponding to 6T mark 213 in first pattern signal 201 and 6T mark 213 in
pulse generator output signal 202 in Fig. 2 when the space length before
the 6T mark is 6T, 4T and 3T according to    43 a further alternative
method of the present embodiment whereby optimization is achieved by pulse
width modification. In this case movement of the rising edge of the last
pulse is expressed as TL referenced, for example, to two clocks before the
falling edge 5 of the first pattern signal 201. The falling edge of the
last pulse does not move. Because the following space is 6T long, 6T mark
213 is in the 5105S group, and TL1 is approximately 13 ns. When the
following space is 4T, movement of the rising edge of the last pulse is in
the 5M4S group, and TL2 is approximately 11 ns. When the following space is
3T, the last pulse width group is 5M3S, and 10  TL3 is approximately 9 ns.
Note that while the value of TL changes, the rising 



edge of the last pulse does not change. As a result, the width of the last
pulse changes. It is to be noted that various methods other than changing
the pulse position or pulse width can be used for controlling the mark
start and 15 mark end positions, including adjusting the laser power at a
specific pulse. Using the TF and TL value tables to achieve the intended
optimized recording benefits of the present invention therefore requires
that the optimization method used to correct these tables be recorded with
the tables. This can be accomplished by recording the control method or by
recording a predetermined 2D  code indicative of the control method. A data
recording medium and optical data recording method according to alternative
embodiments of the present invention are described next below with
reference to the accompanying diagrams. Fig. 15 is a block diagram of a
data recording medium and optical data recording device e 25  according to
a second preferred embodiment of the present invention. Shown in Fig. 15
are: an optical disk 1501, spindle motor 1502, semiconductor laser 1503,
collimator lens 1504, beam splitter 1505, objective lens 1506, collective
lens 1507, photodetector 1508, laser drive circuit 1509, pulse moving
circuit 1510,  



44 delay circuits 1528 and 1529, pulse generator 1511, preamp 1512, low
pass filter 1513, reproduction equalizer 1514, digitizing circuit 1515, PLL
1516, demodulation and error correction circuit 1517, reproduction data
signal 1518, power setting circuit 1519, and memory 1520. 5
Fig. 16 is a plan view of the optical disk 1501. In this exemplary
embodiment the optimum position information for the mark start and end
positions, that is, the two corrected tables shown in Fig. 4A and
determined as described in the first embodiment of the present invention,
is stored in recording area 1601. These tables comprise pit and land or
mark and space bit 10  sequences printed to the inside circumference area
of the disk by the disk manufacturer prior to shipping. These two corrected
tables are compiled by the manufacturer of the optical disk, and are
prestored to every optical disk. The end-user thus obtains optical disks to
which these two corrected tables have already been stored, and uses such
disks with the device shown in Fig. 15. 15             The optical data
recorder shown in Fig. 15 has an optical head comprising semiconductor
laser 1503, collimator lens 1504, beam spiatter 1505, 



objective lens 1506, collective lens 1507, and photodetector 1508. When an
optical disk 1501 is loaded into this optical data recorder and the
recorder completes a specific operation for recognizing the disk, the
optical head moves 20  to the recording area 1601 storing the optimum mark
start and end position data tables, and reads the stored information. The
data read from recording area 1601 thus contains the information compiled
in the two tables shown in Fig. 4A, and the reproduced tables are thus
stored to memory 1520. Mass manufacturing optical disks thus containing the
corrected 25 tables described above is described next below. Two corrected
tables such as shown in Fig. 4A are first compiled by determining the
optimum mark start and end positions using a method such as described in
the above first exemplary embodiment of the present invention.    45 The
content of these tables is then recorded to the recording area 1601 of the
optical disk 1501 using a laser to cut the information into the master that
will be used for stamping the optical disk 1501 during production when the
recording 



area 1601 is recorded with a pit and land sequence. 5             Fig. 27
shows a mastering system for cutting an optical disk master. Shown in Fig.
27 are memory 2701, adjustment method data generator 2702, recording signal
generator 2703, light modulator 2704, beam generator 2705, lens assembly
2706, glass master 2708 coated with a photosensitive material 2707,
turntable 2709, and motor 2710. 10             The two corrected tables
shown in Fig. 4A are stored to the memory 2701 in Fig. 27. Next, the method
used for adjusting the first and last pulses is output from the adjustment
method data generator 2702, and the content of the two tables is then
output from memory 2701. The recording signal generator 2703 then processes
the adjustment method and table data, 15  including modulation, adding an
error correction code, scrambling, and other desired processes, and
generates the two-value data used for recording. The laser beam generated
from the solid laser generator 2705, which oscillates at the wavelength of
ultraviolet or the like wavelength, is power modulated by the output signal
from the recording signal generator 2703. The modulated laser 20  beam is
fed through the lens assembly and impinges onto the photosensitive material
2707 on the glass master 2708. Recording the two-value signal is achieved
at this time by turning the laser beam on and off to expose or not 



expose the photosensitive layer appropriately. It is to be noted that the
two tables stored to the memory 2701 are recorded to an area on the inside
25  circumference side of the user data area where the end user records
data, and the adjustment method data is recorded to the area to the inside
circumference side of the area to which the two tables are stored.    46
metal stamping master with pits and lands is produced by sputtering the
glass substrate with nickel or metal. This metal stamping master is used as
a die for producing a disk substrate on which a recording film is formed. A
single disk is produced by combining two substrates, at least one of which
has a recording 5 film formed thereon. Returning to Fig. 15, the laser beam
emitted from the semiconductor laser 1503 is converted to parallel light by
the collimator lens 1504, and passed to the beam splitter 1505. Light
passing the beam splitter 1505 is collected by the objective lens 1506, and
emitted to the optical disk 10  1501 as a light spot. 



Light reflected from the optical disk 1501 is then collected by the
objective lens 1506, and passed again through the beam splitter 1505. Light
reflected from the beam splitter is collected by the collective lens 1507,
and focused on the photodetector 1508. 15             The photodetector
1508 converts the light quantity to an electrical signal, which is
amplified by the preamp 1512. The output signal from the preamp 1512 is
then passed through the low pass filter 1513 whereby high frequency signal
components are blocked. The reproduction equalizer 1514 then equalizes the
signal, which is next binarized by the digitizing circuit 1515 2   using a
predetermined slice level to output a signal of Os and Is. The clock of the
output signal from the digitizing circuit 1515 is extracted by the PLL
1516. An output signal synchronized to the clock is then supplied to the
demodulation and error correction circuit 1517 for demodulation and error
correction of correctable data, resulting in reproduction signal 1518. 25
The reproduction signal 1518, that is, the content of the two tables and
the adjustment method information, is then stored to memory 1520. The
optimum movement information for the mark start and end positions is then
passed over bus 1521 to the pulse moving circuit 1510.  



47 During actual recording, the power setting circuit 1519 sets the laser
drive circuit 1509 to either peak power or bias power level. Subsequent
signal flow is described further below with reference to Fig. 17. Shown in
Fig. 17 are the data recording signal 1701 input to the 5 pulse generator
1511, the output signal 1702 from the pulse generator 1511, and the output
signal 1703 from the pulse moving circuit 1510. The recording marks 1704
are formed in the recording track of the optical disk 1501 by modulating
laser power between peak power and bias power levels. Note that signals
1701, 1702, and 1703 are not actually on the same time axis, but are 10
shown with corresponding parts aligned vertically in Fig. 17 for ease of
understanding only. In data recording signal 1701, mark parts 1706, 1708,
and 1710 are the parts of the signal whereby a mark is formed on the disk,
and space parts 1707, 1709, and 1711 are the parts of the signal that
appear as a space 15  on disk. For example, when data generated by (2,10)
run-length limited 



modulation is recorded using a mark edge recording method, the marks and
spaces have a shortest length of 3T and a longest length of 1 IT where T is
the reference period. Mark part 1706 is a 6T mark, space 1707 is a 6T
space, 1708 20  is a 4T mark, 1709 is a 4T space, 1710 is a 6T mark, and
1711 is a 6T space. This data recording signal 1701 is converted to a pulse
sequence by the pulse generator 1511, resulting in output signal 1702.
Pulse output from the pulse generator 1511 corresponding to marks of
lengths 3T to 11T is shown in Fig. 18. 25             Referring by way of
example to a 6T signal in Fig. 18, the pulse at the start of the signal is
referred to as the first pulse 1801, and the pulse at the end of the signal
is the last pulse 1804. The pulses between the first pulse 1801 and last
pulse 1804 are referred to as multiple pulses 1802 and have a    WO
00/16322                                           PCT/JP99103699 48
constant period. In a 6T mark there are two multiple pulses 1802, in a 7T
mark 



there are three, and in a 5T mark there is one. It will thus be obvious
that the number of multiple pulses 1802 between the first and last pulses
increases by 5  one with each IT increase in signal length, and decreases
one with each IT decrease in signal length. A 4T mark, therefore comprises
only the first and last pulses, and has no multiple pulses 1802
therebetween. In addition, a 3T mark comprises one pulse. It is to be noted
that in this preferred embodiment the time-base 10  length of the first
pulse is 1.5T, the last pulse is 0.5T, and the length of the multiple
pulses is also 0.5T. The invention shall not be so limited, however, and
the length of these pulses can be varied as necessary according to the
structure of the optical disk 1501. As noted above, data recording signal
1701 and output signal 15  1702 are not on the same time base. However, the
difference between the rising edge of data recording signal 1701 and the
rising edge of the first pulse of output signal 1702 is the same for any
particular mark parts, and the difference between the falling edge of the
data recording signal 1701 and the falling edge of the last pulse of output
signal 1702 is also the same for any 2)  particular mark parts. The pulse
generator output signal 1702 is input to the pulse 



moving circuit 1510, which generates and outputs a signal 1703 in which the
positions of the first pulse and last pulse are moved. Fig. 19 shows the
tables stored to memory 1520. 25             It is to be noted that the
tables in Fig. 19 are identical to the tables shown in Fig. 4A, and show
the combinations of marks and spaces used for shifting the first pulse and
last pulse positions. The position of the first pulse changes according to
the length of    49 the mark and the immediately preceding space. ln this
preferred embodiment, the marks and spaces are separated into three groups,
that is, 3T, 4T, and 5T or longer. A total of nine different last pulse
positions are therefore defined. Movement of the last pulse position is
similarly corrected. That is, 5  last pulse position movement changes
according to the mark length and the length of the following space. In this
exemplary embodiment marks and spaces are separated into three groups based
on length, 3T, 4T, and 5T or longer, and pulse position movement is defined
for each of the nine possible mark/space 



combinations. The last pulse movement TL is then calculated using the same
10  method used to calculate first pulse movement TF as described in the
first embodiment. The output signal 1703 from the pulse moving circuit 1510
is input to the laser drive circuit 1509, which produces a laser beam at
peak power at high pulses and at bias power at low pulses in the output
signal 1703. The 15 resulting sequence of marks 1704 is shown in Fig. 17.
It is therefore possible to reproduce from a predetermined area on the
optical disk and store in the optical data recorder data for changing mark
start and end positions according to a data signal input to the optical
data recorder for recording. As a result, it is possible for the optical
data recorder to 20  optimally record a signal of marks and spaces even
using optical disks having different disk structures and recording films.
It is to be noted that it is not necessary to obtain the optimized mark
start and end position information recorded to a particular area of the
disk for all disks. More specifically, if the variation between disks is
small, the values 25  obtained for disks of the same structure and same
recording film composition can be recorded as typical optimized values.
Furthermore, when the optimized mark start and end position 



values are obtained again during actual recording to further improve
jitter, the    50 time required for the optimization process can be reduced
if typical optimized values are prerecorded to a particular area of the
disk as in this exemplary embodiment, and these typical values are used as
default values for obtaining mark start and end position values optimized
for jitter. 5             Furthermore, while marks and spaces are separated
into three groups, 3T, 4T, and 5T or longer, in this preferred embodiment,
the method for determining these groupings is the same as in the first
embodiment above. Insofar as the optimized values for first and last pulse
movement are recorded to disk, various other groupings can be used
according to particular conditions. 10  For example, four groups, such as
3T, 4T, 5T, and 6T or longer, could be alternatively used. Tables for pulse
movement groupings based on mark and space lengths of 3T, 4T, 5T, and 6T or
longer are shown in Fig. 24. Increasing the number of length groups used
makes it possible to more precisely control first 



15 pulse movement and last pulse movement according to the specific symbol
pattern recorded, and thus enables recording with even less jitter. It is
to be noted that this preferred embodiment of the present invention
determines and stores optimized movement information for both first and
last pulses, but the invention shall not be so limited. Recording optimized
20  movement information for only one of the pulses is still beneficial for
determining the optimum pulse movement, and makes it possible to achieve
recording with little jitter. it will also be obvious to one with ordinary
skill in the related art that while this exemplary embodiment has been
described recording first and 25  last pulse movement information optimized
for particular mark and space combinations, a recording method whereby the
pulse width of the first pulse and last pulse is change can be
alternatively used as described in the first embodiment. Optimized
recording of mark and space sequences can be    51 achieved even with
different types of optical disks, such as when the disk 



structure or recording film is different, by prerecording optimized pulse
width information to a particular area of the disk. It is to be noted that
various methods other than changing the 5 pulse position or width can be
used for controlling the mark start and end positions, including changing
laser emission power at a particular pulse. Using the TF and TL value
tables to achieve the intended optimized recording benefits of the present
invention therefore requires that the optimization method used to correct
these tables be recorded with the tables. 10             Fig. 25 is a plan
view of an optical disk 2501. In this exemplary embodiment user data is
recorded to data area 2502. Information indicative of the method used to
adjust the first pulse and last pulse according to the input data signal is
recorded to area 2503 at the inside-most circumference area of the disk
using a sequence of pits and lands (marks and spaces), The optimized 15  or
typical mark start and end position information, that is, tables such as
shown in Fig. 4A or Fig. 24, is recorded to area 2504 using a sequence of
pits and lands (marks and spaces). It is therefore possible to know by
reproducing the data stored to area 2503 what method is used for adjusting
the marks and spaces, that is, 20  whether the first or last pulse is moved
or whether the pulse width is changed. 



It is to be noted that variables introduced by the recording device, such
as the shape of the laser spot emitted to the disk, can also cause the
optimum position of the mark start and end positions required for the best
recording results to vary. To compensate for this, the optimized or typical
25  position information recorded to a particular area of the disk during
disk manufacture can be reproduced and these initial values used for a
recording test whereby the position values are optimized for the recording
device. This makes it possible to reduce the number of patterns that must
52 be recorded to determine the optimum mark start and end positions for
actual data recording. It also reduces the time required for this
optimization procedure. Fig. 26 is a plan view of a further optical disk
2601. In this exemplary embodiment user data is recorded to data area 2602.
Information 5 indicative of the method used to adjust the first pulse and
last pulse according to the input data signal is recorded to area 2603 at
the inside-most circumference area of the disk using a sequence of pits and
lands (marks and 



spaces). The optimized or typical mark start and end position information
is recorded to area 2604 using a sequence of pits and lands (marks and
spaces). 10 In addition, this optical disk 2601 comprises a test recording
area 2605. With an optical disk 2601 thus comprised, the optimization
method is read from area 2603, and the mark start and end position
information is read from area 2604, and based on this information a test
recording is made in area 2605 using a method such as described in the
first embodiment of the present 15 invention. This makes it possible to
achieve more optimized recording than is possible using only the settings
prerecorded to the disk. It should be noted that by recording the area 2503
or 2603 containing the method used for adjusting the first pulse and last
pulse to the inside circumference side of the area 2504 or 2604 to which
the optimized or 20  typical mark start and end position information is
recorded during disk manufacture as shown in Fig. 25 or Fig. 26,
respectively, the recording method can be quickly determined when
reproduction proceeds from the inside circumference area of the disk, and
the time required to complete any settings that are dependent upon the
recording method can be reduced. 25             It will also be obvious to
one with ordinary skill in the related art that while the preferred
embodiments of the present invention have been 



described above using an optical disk by way of example, the invention
shall not be so limited. More specifically, the same benefits can be
achieved using a    53 tape or card type recording medium or recording and
reproducing device without departing from the scope of the accompanying
claims. It will thus be known from the above that an optical data recording
device according to the present invention records first to fifth patterns
of 5 exemplary recording symbol sequences, and then reproduces these
patterns to determine the optimum movement of the first and last pulses.
These optimized first and/or last pulse movement values are then recorded
to the recording medium during production. As a result, when an end user
records information to the recording medium, this information can be
reproduced to reduce or 10 eliminate the time and effort required for the
recording device to learn the optimum movement information. Marks can
therefore recorded with higher precision, and recording with little jitter
can be achieved, Furthermore, optimized recording can be achieved even with



different types of optical disks, that is, optical disks having different
disk 15 structures or recording film compositions, using a data recording
medium according to the present invention by recording to a particular area
of the data recording medium information indicative of the change in the
mark start and end positions required for input data signals of different
symbol patterns, and then reproducing and storing this information in the
recording device at the time Z2  of data recording. Although the present
invention has been described in connection with the preferred embodiments
thereof with reference to the accompanying drawings, it is to be noted that
various changes and modifications will be apparent to those skilled in the
art. Such changes and modifications are to be 25  understood as included
within the scope of the present invention as defined by the appended
claims, unless they depart therefrom.    54 CLAIMS 1.   A data recording
medium having a plurality of tracks for recording 



information represented as marks and spaces between the marks in a data
recording area of the data recording medium, the marks being formed by an
optical beam modulated by one or a plurality of drive pulses comprising a
first pulse, a last pulse and one or more multiple pulses between the first
and last pulses, where a number of the drive pulses is determined according
to a length of a mark part in the input signal to be recorded on the track,
characterized by a control information recording area storing: first pulse
movements (TF) for modifying said first pulse of said drive pulses, said
first pulse movements (TF) being separated at least into nine groups
determined by a combination of three groups of different length of a mark
and three groups of different length of a space immediately preceding said
mark, the three groups of different mark length being a group with only the
first pulse, a group with the first pulse and the last pulse, and a group
with the first pulse, the multiple pulse and the last pulse, wherein said
first pulse movement (TF) indicates either a pulse shift amount for
shifting said first pulse without changing the pulse width, or a pulse
width amount for changing the pulse width of said first pulse, and, a code
indicating a method for using said first pulse movement (TF) either as a
pulse shift amount or as a pulse width amount.  



55 2.   The data recording medium as set forth in claim 1, wherein the
first pulse movement TF is expressed as a time difference TF between a
first reference point R1, which is a leading edge of a mark part in the
original signal to be recorded, and a first edge of the first pulse in a
plurality of drive pulses. 3.   The data recording medium as set forth in
claim 1, wherein the length of mark parts in the original signal and the
length of space parts between the mark parts are expressed as a value NT
where T is a reference period, and N is a positive integer from nl to n2;
mark and space parts are separated into a plurality of groups according to
mark and space length; and specific first pulse movement TF is set for each
group. 4.   The data recording medium as set forth in claim 1, wherein mark
parts are separated by length into four groups, and space parts are
separated by length into four groups. 5.   The data recording medium as set
forth in claim 1, wherein the separation 



of groups becomes fine as a length of the mark part and a length of the
space part decreases. 6.   The data recording medium as set forth in claim
3, wherein n1 is 3 and n2 is 11. 7.   A recording and reproducing apparatus
for recording and reproducing a data recording medium as claimed in claim
1, said apparatus comprising: means (1505 - 1508, 1512 - 1617) for
reproducing said first pulse movements (TF) and the code, from said data
recording medium; means (1 520) for storing the reproduced first pulse
movements (TF) and the, code; means (1510) for generating a drive pulse
based on a data recording signal, and correcting the generated drive pulse
based on the first pulse movements (TF) and the code; means (109, 103 -
106) for emitting an optical beam based on the corrected drive pulses to
form spaces and marks on the data recording medium, wherein said first
pulse movement (TF) is set with respect to a class of   



combinations of mark lengths and space lengths, and wherein the reproducing
means comprises an equalizer (1 514), and the ratio between the output
amplitude of the equalizer at the frequency of the longest mark and the
output amplitude of the equalizer at the frequency of the shortest mark is
3 dB or less, provided that the longest mark and the shortest mark are from
the same classification. 8.   The recording and reproducing apparatus as
set forth in claim 7, wherein said first pulse movements (TF) is set with
respect to the type of the recording film composition changes. 9.   The
recording and reproducing apparatus as set forth in claim 7 or 8, wherein
said first pulse movements (TF) being set with respect to the disk
structure or recording film composition. 10.  A data recording medium
having a plurality of tracks for recording information represented as marks
and spaces between the marks in a data recording area of the data recording
medium, the marks being formed by an optical beam modulated by one or a
plurality of drive pulses comprising a first pulse, a last pulse and one or
more multiple pulses between the first and last pulses, where a number of
the drive pulses is determined according to a length of a mark part in the
input signal to be recorded on the track, 



characterized by a control information recording area storing: last pulse
movements (TL) for modifying said last pulse of said drive pulses, said
last pulse movements (TL) being separated at least into nine groups
determined by a combination of three groups of different length of a mark
and three groups of different length of a space immediately following said
mark, the three groups of different mark length being a group with only the
first pulse, a group with the first pulse and the last pulse, and a group
with the first pulse, the multiple pulse and the last pulse, wherein said
last pulse movements (TL) indicates either a pulse shift amount for
shifting said last pulse without changing the pulse width, or a pulse width
amount for changing the pulse width of said last pulse, and, a code
indicating a method for using said last pulse movement (TL) either as a
pulse shift amount or as a pulse width amount. 11.  The data recording
medium as set forth in claim 10, wherein the last pulse movement TL is
expressed as a time difference TL between a first reference point R1, which
is a leading edge of a mark part in the original signal to be recorded, and
a first edge of the last pulse in a plurality of drive pulses.    



57 12.  The data recording medium as set forth in claim 10, wherein the
length of mark parts in the original signal and the length of space parts
between the mark parts are expressed as a value NT where T is a reference
period, and N is a positive integer from nI to n2; mark and space parts are
separated into a plurality of groups according to mark and space length;
and specific last pulse movement TL is set for each group. 13.  The data
recording medium as set forth in claim 10, wherein mark parts are separated
by length into four groups, and space parts are separated by length into
four groups. 14.  The data recording medium as set forth in claim 10,
wherein the separation of groups becomes fine as a length of the mark part
and a length of the space part decreases. 15.  The data recording medium as
set forth in claim 12, wherein n1 is 3 and n2 is 11. 1 6.  A recording and
reproducing apparatus for recording and reproducing a data recording medium
as claimed in claim 10, 



said apparatus. comprising: means (1505 - 1508, 1512 - 1517) for
reproducing said last pulse movements (TL) and the code from said data
recording medium; means (1520) for storing the reproduced last pulse
movements (TL) and the code; means (1510) for generating a drive pulse
based on a data recording signal, and correcting the generated drive pulse
based on the last pulse movements (TL) and the code; means (109, 103- 106)
for emitting an optical beam based on the corrected drive pulses to form
spaces and marks on the data recording medium, wherein said last pulse
movement (TL) is set with respect to a class of combinations of mark
lengths and space lengths, and wherein the reproducing means comprises an
equalizer (1514), and the ratio between the output amplitude of the
equalizer at the frequency of the longest mark and the output amplitude of
the equalizer atthe frequency of the shortest mark is 3 dB or less,
provided that the longest mark and the shortest mark are from the same
classification.    



58 17.  The recording and reproducing apparatus as set forth in claim 16,
wherein said last pulse movements (TL) is set with respect to the type of
the recording film composition changes. 1 8.  The recording and reproducing
apparatus as set forth in claim 1 6 or 17, wherein said last pulse
movements (TL) being set with respect to the disk structure or recording
film composition. 19.  A data recording medium having a plurality of tracks
for recording informa- tion represented as marks and spaces between the
marks in a data recording area of the data recording medium, the marks
being formed by an optical beam modu- lated by one or a plurality of drive
pulses where a number of the drive pulses is determined according to a
length of a mark part in the input signal to be recorded on the track,
characterized by a control information recording area storing: a first
pulse movement (TF) for modifying a first pulse of said drive pulses, and a
last pulse movement (TL) for modifying a last pulse of said drive pulses,
wherein said first pulse movement (TF) and last pulse movement (TL)
indicate either a pulse shift amount for shifting said first and last
pulses, respect- ively, without changing the pulse width, or a pulse width
amount for changing the 



pulse width of said first and last pulses, respectively, and, a code
indicating a method for using said first pulse movement (TF) and last pulse
movement (TL) either as a pulse shift amount or as a pulse width amount.
20. . The data recording medium as set forth in claim 19, wherein the first
pulse amount (TF) is expressed as a time difference between a reference
point (Rl), which is located a predetermined distance from a leading edge
of a mark, and a first edge of the first pulse, and the last pulse amount
(TL) is expressed as a time difference between a reference point (R2),
which is located a predetermined distance from a trailing edge of a mark,
and a trailing edge of the last pulse. 21.  The data recording medium as
set forth in claim 19, wherein the length of a mark in the input signal and
the length of a space between the marks are expressed as a value NT where T
is a reference period, and N is a positive integer from n1 to n2;    



59 marks and spaces are classified into a plurality of groups according to
the mark length and the space length, and a specific first pulse movement
(TF) and last pulse movement (TL) are set for each group. 22.  The data
recording medium as set forth in claim 21, wherein the marks are classified
by length into three groups, and the spaces are classified by length into
three groups. 23.  The data recording medium as set forth in'claim 21,
wherein the marks are classified by length into four groups, and the spaces
are classified by length into four groups. 24.  The data recording medium
as set forth in claim 21, wherein the number of groups increases as the
length of the mark and the length of the space decreases. 25.  The data
recording medium as set forth in claim 21 , wherein nI is 3 and n2 is 11.
26.  The data recording medium as set forth in claim 21, wherein marks are
classified by length into three groups of 3T, 4T, and BT or longer marks,
and spaces are classified by length into three groups of 3T, 4T, and 5T or
longer spaces. 



27.  The data recording medium as set forth in claim 21, wherein marks are
classified by length into four groups of 3T, 4T, 5T, and 6T or longer
marks, and spaces are classified by length into three groups of 3T, 4T, 5T,
and 6T or longer spaces. 28.  The data recording medium as set forth in
claim 19, wherein there are two more methods of using the first pulse
movement (TF) and last pulse movement (TL), and wherein information
indicative of the method of use is prerecorded to the control information
recording area. 29.  The data recording medium as set forth in claim 28,
wherein the method of using the first pulse movement (TF) is to use the
first pulse movement (TF) to change the rising edge portion of the first
pulse without changing the width thereof, and the method of using the last
pulse movement (TL) is to use the last pulse    60 movement (TL) to change
the falling edge position of the last pulse without chang- ing the width
thereof. 30.  The data recording medium as set forth in claim 28, wherein
the method of 



using the first pulse movement (TF) is to use the first pulse movement (TF)
to change the width of the first pulse without changing the fatling edge
position thereof, and the method of using the last pulse movement (TL) is
to use the last pulse movement (TL) to change the width of the last pulse
without changing the rising edge position thereof. 31.  The data recording
medium as set forth in claim 28, wherein the information indicative of the
method of the first pulse movement (TF) and the last pulse movement {TL) is
recorded to the position before the position where the first pulse movement
(TF) and last pulse movement (TL) values are recorded relatively to the
direction in which information is recorded. 32.  A recording and
reproducing apparatus for recording and reproducing a data recording medium
according to claim 19, said apparatus comprising: means (1 505-1 508, 1512-
1517) for reproducing the first pulse move- ment (TF) and the code, which
are prerecorded to the data recording medium; means (1 520) for storing the
reproduced first pulse movement (TF) and the code; means (15101 for
generating a drive pulse based on a data recording signal, and correcting
the generated drive pulse based on the first pulse movement {TF) and the
last pulse movement (TL), said code selecting the use of said first pulse 



movement (TF) and said last pulse movement (TL) either as a pulse shift
amount or as a pulse width amount.; means (109, 103 - 106) for emitting an
optical beam based on the cor- rected drive pulses to form spaces and marks
on the data recording medium. 33.  The recording and reproducing apparatus
as set forth in claim 32, wherein each of said first pulse movement (TF)
and last pulse movement (TL) is set with respect to a class of combinations
of a mark length and a space length, and where- in the reproducing means
comprises an equalizer (1 514), and the ratio between the output amplitude
of the equalizer at the frequency of the longest mark and the output
amplitude of the equalizer at the frequency of the shortest mark is 3 dB or
less.    61 34.  A data recording medium  having a plurality of tracks for
recording information represented as marks and spaces between the marks in
a data recording area of the data recording medium, the marks being formed
by an optical beam modulated by one or a plurality of drive pulses where a
number of the drive 



pulses is determined according to a length of a- mark part in the input
signal to be recorded on the track, characterized by a control information
recording area storing: a first pulse movement (TF) for modifying a first
pulse of said drive pulses, wherein said first pulse movement (TF)
indicates either a pulse shift amount for shifting said first pulse without
changing the pulse width, or a pulse width amount for changing the pulse
width of said first pulse, and a code indicating a method for using said
first pulse movement (TF) either as a pulse shift amount or as a pulse
width amount. 35.  The data recording medium as set forth in claim 34,
wherein the first pulse amount (TF) is expressed as a time difference
between a reference point (R I), which is located a predetermined distance
from a leading edge of a mark, and a first edge of the first pulse. 36.
The data recording medium as set forth in claim 34, wherein the length of a
mark in the input signal and the length of a space between the marks are
expressed as a value NT where T is a reference period, and N is a positive
integer from nl to n2; marks and spaces are classified into a plurality of
groups according to the 



mark length and the space length; and a specific first pulse movement (TF)
is set for each group. 37.  The data recording medium as set forth in claim
36, wherein the marks are classified by length into three groups, and the
spaces are classified by length into three groups. 38.  The data recording
medium as set forth in claim 36, wherein the marks are classified by length
into four groups, and the spaces are classified by length into four groups.
39.  The data recording medium as set forth in claim 36, wherein the number
of groups increases as the length of the mark and the length of the space
decreases.    40.  The data recording medium as set forth in claim 36,
wherein n1 is 3 and n2 is 11. 41.  The data recording medium as set forth
in claim 36, wherein marks are classified by length into three groups of
3T, 4T, and 5T or longer marks, and spaces are classified by length into
three groups of 3T, 4T, and 5T or longer spaces. 



42:  The data recording medium as set forth in claim 36, wherein marks are
classified by length into four groups of 3T, 4T, 5T, and 6T or longer
marks, and- spaces are classified by length into three groups of 3T, 4T,
5T, and 6T or longer spaces. 43.  The data recording medium as set forth in
claim 34, wherein the method of using the first pulse movement (TF) is to
use the first pulse movement (TF) to change the rising edge position of the
first pulse without changing the width thereof. 44.  The data recording
medium as set forth in claim 34, wherein the method of using the first
pulse movement (TF) is to use the first pulse movement (TF) to change the
width of the first pulse without changing the falling edge position
thereof. 45.  The data recording medium as set forth in claim 34, wherein
the code is recorded at a position before the position where said first
pulse movement (TF) is recorded relatively to the direction in which
information is recorded. 46.  A recording and reproducing apparatus for
recording and reproducing a data recording medium according to claim 34,
said apparatus comprising: means (1505 - 1508. 1512 - 1517) for reproducing
the first pulse 



movement (TF) and the code, which are prerecorded to the data recording
medium; means (1 520) for storing the reproduced first pulse movement (TF)
and the code; means (1510) for generating a drive pulse based on a data
recording signal, and correcting the generated drive pulse based on the
first pulse movement (TF), said code selecting the use of said first pulse
movement {TF) either as a pulse shift amount or as a pulse width amount;
63 means (109, 103 - 106) for emitting an optical beam based on the
corrected drive pulses to form spaces and marks on the data recording
medium. 47.  The recording and reproducing apparatus as set forth in claim
46, wherein each of said first pulse movement (TF) is set with respect to a
class of combinations of a mark length and a space length, and wherein the
reproducing means comprises an equalizer (1514), and the ratio between the
output amplitude of the equalizer at the frequency of the longest mark and
the output amplitude of the equalizer at the frequency of the shortest mark
is 3 dB or less. 



48.  A data recording medium having a plurality of tracks for recording
information represented as marks and spaces between the marks in a data
recording area of the data recording medium, the marks being formed by an
optical beam modulated by one or a plurality of drive pulses where a number
of the drive pulses is determined according to a length of a mark part in
the input signal to be recorded on the track, characterized by a control
information recording area storing: a last pulse movement (TL) for
modifying a last pulse of said drive pulses, wherein said last pulse
movement (TL) indicates either a pulse, shift amount for shifting said last
pulse without changing the pulse width, or a pulse width amount for
changing the pulse width of said last pulse, and, a code indicating a
method for using said last pulse movement (TL) either as a pulse shift
amount or as a pulse width amount. 49.  The data recording medium as set
forth in claim 48, wherein the last pulse amount {TL) is expressed as a
time difference between a reference point (R2), which is located a
predetermined distance from a trailing edge of a mark, and a trailing edge
of the last pulse. 50.  The data recording medium as set forth in claim 48,
wherein the length of a mark in the input signal and the length of a space
between the marks are 



expressed as a value NT where T is a reference period, and N is a positive
integer from nI to n2; marks and spaces are classified into a plurality of
groups according to the mark length and the space length; and a specific
last pulse movement (TL) is set for each group.    64 51.  The data
recording medium as set forth in claim 50, wherein the marks are classified
by length into three groups, and the spaces are classified by length into
three groups. 52.  The data recording medium as set forth in claim 50,
wherein the marks are classified by length into four groups, and the spaces
are classified by length into four groups. 53.  The data recording medium
as set forth in claim 51, wherein the number of groups increases as the
length of the mark and the length of the space decreases. 54.  The data
recording medium as set forth in claim 50, wherein nI is 3 and n2 



is 11. 55.  The data recording medium as set forth in claim 50, wherein
marks are classified by length into three groups of 3T, 4T, and 5T or
longer marks, and spaces are classified by length into three groups of 3T,
4T, and 5T or longer spaces. 56. The data recording medium as set forth in
claim 50, wherein marks are classified by length into four groups of 3T,
4T, 5T, and 6T or longer marks, and spaces are classified by length into
three groups of 3T, 4T, 5T, and 6T or longer spaces. 57.  The data
recording medium as set forth in claim 48, wherein the method of using the
last pulse movement (TL) is to use the last pulse movement (TL) to change
the falling edge position of the last pulse without changing the width
thereof. 58. The data recording medium as set forth in claim 48, wherein
the method of using the last pulse movement (TL) is to use the last pulse
movement (TL) to change the width of the last pulse without changing the
rising edge position thereof. 59.  The data recording medium as set forth
in claim 48, wherein the code is recorded at a position before the position
where said last pulse movement (TL) is 



recorded relatively to the direction in which information is recorded.
65 60.  A recording and reproducing apparatus for recording and reproducing
a data recording medium according to claim 48, said apparatus comprising:
means (1505 - 1508, 1512 - 1517) for reproducing the last pulse movement
(TL) and the code, which areprerecorded to the data recording medium; means
(1520) for storing the reproduced last pulse movement (TL) and the code;
means (1510) for generating a drive pulse based on a data recording signal,
and correcting the generated drive pulse based on the last pulse movement
(TL) and the code; means (109, 103 - 106) for emitting an optical beam
based on the corrected drive pulses to form spaces and marks on the data
recording medium. 61.  The recording and reproducing apparatus as set forth
in claim 60, wherein each of said last pulse movement (TL) is set with
respect to a class of combinations of a mark length and a space length, and
wherein the reproducing means comprises 



an equalizer (1514), and the ratio between the output amplitude of the
equalizer at the frequency of the longest mark and the output amplitude of
the equalizer at the frequency of the shortest mark is 3 dB or less. 62.  A
method for obtaining a first pulse movement TF for a data recording medium
having a plurality of tracks and marks formed by an optical beam modu-
lated by one or a plurality of drive pulses, said method comprising the
steps of a) generating a pattern signal containing: al)  a measuring signal
having a mark part with a specific length of PT and a neighboring space
part with a specific length of QT where T is a reference period, P is a
positive integer and Q is a positive integer, and; a2)   a reference signal
having a mark part with a predetermined length and neighboring space part
with a predetermined length, said referencesignal located adjacent said
measuring signal and is pro- vided to define reference edges adjacent
measuring signals; b) storing the pattern signal; c) generating one or a
plurality of drive pulses corresponding to said mark part of the pattern
signal; 



d) forming spaces and marks on the data recording medium by an optical beam
modulated according to the plurality of drive pulses; e) reproducing the
marks and spaces recorded to the data recording    medium to obtain a
reproduced reproduction signal; f) obtaining a difference between the
reproduced reproduction signal and the stored pattern signal; and g)
obtaining from this difference a first pulse movement TF for application to
an original signal containing a sequence of space parts of length QT and
mark parts of length PT. 63.  The method as set forth in claim 62, wherein
said measuring signal has a mark with various lengths each representing a
group of one or more mark length, and a space with various lengths each
representing a group of one or more space length, and wherein said
reference signal has a mark length corresponding to the length of the mark
contained in a group of the longest entry in the measuring signal and a
space length corresponding to the length of the space contained in a group
of the longest entry in the measuring signal. 



64.  The method as set forth in claim 62, wherein said first pulse movement
TF is obtained for a plurality of combinations of mark lengths and space
lengths by changing P and Q. 65.  The method as set forth in claim 62,
wherein the pattern signal contains an adjustment signal for obtaining a
DSV of 0. 66.  A method for obtaining a last pulse movement TL for a data
recording medium having a plurality of tracks and marks formed by an
optical beam modulated by one or a plurality of drive pulses, said method
comprising the steps of a) generating a pattern signal containing. al) a
measuring signal having a mark part with a specific length of PT and a
neighboring space part with a specific length of QT where T is a reference
period, P is a positive integer, and 0 is a positive integer, and; a2) a
reference signal having a mark part with a predetermined length and a
neighboring space part with a predetermined length, said reference signal
located adjacent said measuring signal and is provided to define reference
edges adjacent measuring signals; 



b) storing the pattern signal; c) generating one or a plurality of drive
pulses corresponding to said mark    67 part of the pattern signal; d)
forming spaces and marks on the data recording medium by an optical beam
modulated according to the plurality of drive pulses; e) reproducing the
marks and spaces recorded to the data recording medium to obtain a
reproduced reproduction signal; f) obtaining a difference between the
reproduced reproduction signal and the stored pattern signal; and g)
obtaining from this difference a last pulse movement TL for application to
an original signal containing a sequence of space parts of length QT and
mark parts of length PT. 67.  The method as set forth in claim 66, wherein
said measuring signal has a mark with various lengths each representing a
group of one or more mark length, and a space with various lengths each
representing a group of one or more mark 



length, and wherein said reference signal has a mark length corresponding
to the length of the mark contained in a group of the longest entry in the
measuring signal and a space length corresponding to the length of the
space contained in a group of the longest entry in the measuring signal.
68.  The method as set forth in claim 66, wherein said last pulse movement
TL is obtained for a plurality of combinations of mark lengths and space
lengths by changing P and Q. 69.  The method as set forth in claim 66,
wherein the pattern signal contains an adjustment signal for obtaining a
DSV of 0. 70.  An apparatus for obtaining a first pulse movement TF for a
data recording medium having a plurality of tracks and marks formed by an
optical beam modulated by one or'a plurality of drive pulses, said
apparatus comprising: means (125) for generating a pattern signal
containing: a measuring signal having a mark part with a specific length of
PT and a neighboring space part with a specific length of QT where T is a
reference period, P is a positive integer, and Q is a positive integer,
and; 



a reference signal having a mark part with a predetermined length and
neighboring space part with a predetermined length, said reference signal
located    6 8 adjacent said measuring signal and is provided to define
reference edges adjacent measuring signals; means (120) for. storing the
pattern signal; means (1 1 1) for generating one or a plurality of drive
pulses corresponding to said mark part of the pattern signal; means (109,
103-106) for forming spaces and marks on the data recording medium by an
optical beam modulated according to the plurality of drive pulses; means
(105-108, 112-115) for reproducing the marks and spaces recorded to the
data recording medium to obtain a reproduced reproduction signal; means
(120) for obtaining a difference between the reproduced reproduction signal
and the stored pattern signal; and means (127) for obtaining from this diff
erence a first pulse movement TF for an original signal containing a
sequence of space parts of length QT and mark parts 



of length PT. 71.  The apparatus as set forth in claim 70, wherein said
measuring signal has a mark with various lengths each representing a group
of one or more mark length, and a space with various lengths each
representing a group of one or more mark length, and wherein said reference
signal has a mark length corresponding to the length of the mark contained
in a group of the longest entry in the measuring signal and a space length
corresponding to the length of the space contained in a group of the
longest entry in the measuring signal. 72.  The apparatus as set forth in
claim 70, wherein first pulse movement TF is obtained for a plurality of
combinations of mark lengths and space lengths by changing P and Q. 73.
The apparatus as set forth in claim 70, wherein the combinations are
classi- fied, and wherein the reproducing means comprises an equalizer
(114), and the ratio between the output amplitude of the equalizer atthe
frequency of the longest mark and the output amplitude of the equalizer at
the frequency of the shortest mark is 3 dB or less, provided that the
longest mark and the shortest mark are from the same classification. 74.
The apparatus as set forth in claim 70, wherein the pattern signal contains
an adjustment signal for obtaining a DSV of 0. 



75.  An apparatus for obtaining a last pulse movement TL for a data
recording    69 medium having a plurality of tracks and marks formed by an
optical beam modulated by one or a plurality of drive pulses, said
apparatus comprising: means (1 25) for generating a pattern signal
containing: a measuring signal having a mark part with a specific length of
PT and a neighboring space part With a specific length of QT where T is a
reference period, P is a positive integer, and Q is a positive integer,
and; a reference signal having a mark part with a predetermined length and
a neighboring space part with a predetermined length, said reference signal
located adjacent said measuring signal and is provided to define reference
edges adjacent measuring signals; means (120) for storing the pattern
signal; 



means (110) for generating one or a plurality of drive pulses corresponding
to said mark part of the pattern signal; means (109, 103-106) for forming
spaces and marks on the data recording medium by an optical beam modulated
according to the plurality of drive pulses; means (105-108, 112-115) for
reproducing the marks and spaces recorded to the. data recording medium to
obtain a reproduced reproduction signal; means (1 20) for obtaining a
difference between the reproduced reproduction signal and the stored
pattern signal; and means (127) for obtaining from this difference a last
pulse movement TL for an original signal containing a sequence of space
parts of length QT and mark parts of length PT, and storing last pulse
movement TL. 76.  The apparatus as set forth in claim 75, wherein said
measuring signal has a mark with various lengths each representing a group
of one or more mark length, and a space with various lengths each
representing a group of one or more mark length, and wherein said reference
signal has a mark length corresponding to the length of the mark contained
in a group of the longest entry in the measuring signal and a space length
corresponding to the length of the space contained in a group of the
longest entry in the measuring signal. 



77.  The apparatus as set forth in claim 75, wherein said first pulse
movement. TF is obtained for a plurality of combinations of mark lengths
and space lengths by changing P and 0.    7 0 78.  The apparatus as set
forth in claim 75, wherein the combinations are classi- fied, and wherein
the reproducing means comprises an equalizer (114), and the ratio between
the output amplitude of the equalizer at the frequency of the longest mark
and the output amplitude of the equalizer at the frequency of the shortest
mark is 3 dB or less, provided that the longest mark and the shortest mark
are from the same classification. 79. The apparatus as set forth in claim
75, wherein the pattern signal contains an adjustment signal for obtaining
a DSV of 0.    












