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(57) ABSTRACT 

A data recording method according to the present invention 
is a method for recording data as edge position information, 
including marks and spaces of multiple different lengths, on 
a storage medium by irradiating the storage medium With a 
pulsed energy beam. The method includes the steps of: (A) 
generating a NRZI data based on the data to be recorded; (B) 
determining a Write pulse Waveform, de?ning the poWer 
modulation of the energy beam, according to the code 

(21) Appl' NO': 10/551’573 lengths of respective codes included in the NRZI data; and 
22 PCT F1 (12 M _ 25 2004 (C) modulating the poWer of the energy beam based on the 

( ) 1e ar ’ Write pulse Waveform. If the shortest code length of the 

(86) PCT NO; PCT/JP04/04224 NRZI data is n (Which is an integer equal to or greater than 
one), a write pulse Waveform that has only one Wr1te pulse 

(30) Foreign Application Priority Data is assigned to recording mark making periods corresponding 
to codes With code lengths X of n, n+1 and n+2, and a Write 

Apr. 4, 2003 (JP) .................................... .. 2003-101248 pulse Waveform that has multiple Write pulses PW is 
assigned to recording mark making periods corresponding to 

Jul. 24, 2003 (JP) .................................... .. 2003-279108 Codes With code lengths X of n+3 or more. 
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RECORDING MEDIUM DATA RECORDING 
METHOD AND DEVICE 

TECHNICAL FIELD 

[0001] The present invention relates to a method and 
apparatus for recording data (or information) on a storage 
medium such as an optical disk by irradiating the storage 
medium With a laser beam or any other energy beam so as 
to make a mark having a different physical property from a 
non-recorded portion thereof. 

BACKGROUND ART 

[0002] A reWritable optical disk such as a DVD-RAM has 
a phase change recording layer on its substrate. When this 
phase change recording layer is irradiated With a laser beam 
having a high energy density, the irradiated portion is locally 
heated to a temperature exceeding the melting point and 
melted. Since the optical disk being irradiated With the laser 
beam is spinning at a high velocity, the beam spot of the 
laser beam Will be moving along the track on the phase 
change recording layer at a high velocity, too. That is Why 
that portion of the phase change recording layer that has 
been melted by the passage of the beam spot is quickly 
cooled and solidi?ed naturally. If the poWer of the laser 
beam is adjusted in such a situation, then the melted portion 
of the phase change recording layer is rapidly cooled and 
amorphiZed. The amorphiZed portion of the phase change 
recording layer has a different refractive index and a differ 
ent optical re?ectance from those of the other crystalline 
portions. The amorphiZed portion formed in this manner is 
called a “mar ”. On the other hand, an intervening portion 
betWeen those “marks” on the track is called a space. 

[0003] By arranging those marks and spaces on the track, 
data can be recorded on the optical disk. If a laser beam With 
a loW poWer for reading is radiated toWard the optical disk 
and if the intensity of its re?ected light is measured, then the 
mark/space boundary (Which is often called a “mark edge”) 
can be sensed and data can be read. The poWer of the read 
laser beam is kept loW enough to avoid melting the phase 
change recording layer. 
[0004] To increase the information transfer rate While data 
is being read from, or Written on, any of those optical disks, 
either the recording linear density or the scanning rate of the 
beam spot on the optical disk may be increased. 

[0005] In order to increase the recording linear density, it 
is effective to reduce the mark length and space length or to 
narroW the mark edge position detecting interval by reduc 
ing the steps of variations in mark and space lengths. 

[0006] HoWever, if the recording linear density Were 
increased, then the SNR of the read signal Would decrease. 
For that reason, a signi?cant increase in recording linear 
density should not be expected. 

[0007] To make very small marks on an optical disk With 
high precision, a Write strategy, in Which each of those marks 
is left on the recording layer by continuously irradiating that 
layer With either a single laser pulse or multiple laser pulses, 
is adopted. 

[0008] According to a conventional technique as disclosed 
in Japanese Patent Application Laid-Open Publication No. 
5-298737 (Which Will be referred to herein as a “?rst 
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conventional technique”), a train of laser pulses is assigned 
to each of multiple marks With different lengths. In other 
Words, a train of laser pulses to be radiated to make each 
mark, i.e., a Waveform shoWing the intensity variation of the 
laser beam (Which Will be referred to herein as a “Write pulse 
Waveform”), is determined by the length of that mark to 
leave. The number and amplitude of pulses to be radiated 
during the period of making each mark are controlled 
according to the length of a Write code sequence. 

[0009] The Write pulse Waveform during the mark making 
period can be divided into a top portion and a succeeding 
portion. The respective pulses generally have different pulse 
heights. Also, in the periods other than the mark making 
period, a Write auxiliary pulse is generated to folloW the 
space. 

[0010] According to the technique disclosed in Japanese 
Patent Application Laid-Open Publication No. 5-298737, 
the diffusion of heat from a preceding mark toWard the front 
edge of the very next mark can be compensated for, and the 
mark Width and mark edge position can be controlled With 
high precision, irrespective of the space length. 

[0011] According to another conventional technique as 
disclosed in Japanese Patent Application Laid-Open Publi 
cation No. 8-7277 (Which Will be referred to herein as a 
“second conventional technique”), each Write code is broken 
doWn into a plurality of primitive elements With multiple 
different lengths such that a single Write pulse is associated 
With each of those elements. And each Write code is formed 
by a series of recording marks associated With respectively 
independent Write pulses. 

[0012] Still another conventional technique as disclosed in 
Japanese Patent Application Laid-Open Publication No. 
9-134525 (Which Will be referred to herein as a “third 
conventional technique”) adopts a multi-pulse Writing 
method that uses the ?rst heating pulse, a number of 
succeeding heating and cooling pulses that folloW the ?rst 
pulse, and the last cooling pulse. According to the third 
conventional technique, in recording a mark, of Which the 
length is either an odd number of times or an even number 
of times as long as one period of a Write channel clock, the 
pulse Width of the succeeding heating and cooling pulses is 
made nearly equal to the length of one period of the Write 
channel clock. 

[0013] According to yet another conventional technique as 
disclosed in Japanese Patent Application Laid-Open Publi 
cation No. 11-175976 (Which Will be referred to herein as a 
“fourth conventional technique”), the energy and the num 
ber of pulses that are applied While a mark of an arbitrary 
length is being made are changed according to the length of 
the mark in a Write code sequence such that the gap betWeen 
tWo arbitrary variation points of the energy applied per unit 
time during the mark making period becomes longer than a 
half of the detection WindoW Width. 

[0014] According to the ?rst conventional technique, the 
length of a mark, corresponding With the detection WindoW 
Width, is associated With one shot of Write pulse. Thus, if the 
detection WindoW Width is shortened, then the semiconduc 
tor laser diode, functioning as a source of generating Write 
energy, needs to be driven faster than usual. For example, if 
one tries to realiZe a burst transfer rate of 10 megabytes per 
second, Which is almost as high as that of a magnetic disk 
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drive, by a normal (1, 7) modulation technique, then the 
detection WindoW Width of the read signal Will be about 8.3 
ns (nanoseconds) and therefore the shortest Write current 
pulse Width Will be about 4.2 ns, Which is approximately a 
half as long as the detection WindoW Width. However, it 
usually takes several nanoseconds to activate a semiconduc 
tor laser, and it is dif?cult to generate a Write beam pulse 
accurately. Also, even if a Write beam pulse could be 
generated accurately, normal marks could not be made in a 
situation Where multi-pulse Writing is carried out on a 
medium such as a phase change disk in Which the mark 
making is controlled by the cooling rate of its heated portion. 
This is because the next beam pulse is radiated before the 
heated portion is cooled suf?ciently. Also, if one tries to 
realiZe a burst transfer rate of 10 megabytes per second by 
the (1, 7) modulation technique, for example, then the 
amount of time it takes to cool the storage medium Will also 
be about 4.2 ns, Which is equal to the shortest Write current 
pulse Width. Consequently, marks could not be made prop 
erly depending on the property of the storage medium. 

[0015] According to the second conventional technique 
mentioned above, each Write code is broken doWn into a 
plurality of primitive elements With multiple different 
lengths such that a single Write pulse is associated With each 
of those elements and that each Write code is formed by a 
series of recording marks associated With respectively inde 
pendent Write pulses. HoWever, this conventional technique 
does not consider thermal balance betWeen Write pulses for 
respective elements at all. That is Why as the recording linear 
density is increased, it becomes more and more dif?cult to 
control the mark edge position. That is to say, in making 
marks that Will form a single Write code, the recording marks 
Will have variable Widths from one position to another 
because the quantity of heat accumulated in the recording 
layer for the top portion of the Write code is different from 
that of heat accumulated there for the terminal portion of the 
Write code. As a result, the edge recording cannot be carried 
out as intended. 

[0016] In the third conventional technique, a pulse, Which 
is much shorter than the detection WindoW Width, may be 
inserted into the Write pulse Waveform in the vicinity of the 
center of the mark making period, and the mark Width 
changes signi?cantly around there compared to the other 
portions. According to the document disclosing this conven 
tional technique, When a mark edge recording operation is 
carried out, the variation in signal amplitude around the 
center portion of a mark should cause no serious problem as 
long as the mark edge position is accurate. In a read/Write 
drive that determines read/Write conditions by detecting the 
average level of a read signal, hoWever, such distortion of 
the read signal should affect the operation of the drive. As to 
a phase change storage medium, for example, a signal can be 
detected as a variation in re?ectance just like a phase pit type 
storage medium. That is Why the phase change storage 
medium and phase pit type storage medium can easily share 
the same read drive in common. HoWever, since the read 
signal of the phase pit type storage medium has no such 
distortion, it is actually dif?cult to read the phase change 
storage medium and phase pit type storage medium using 
the same drive. 

[0017] Also, according to the fourth conventional tech 
nique, the Write poWer level of the Write pulse train changes 
stepWise, thus requiring complicated poWer control. Also, in 
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Writing a signal With a code length of 4 TW, the laser beam 
needs to be emitted so as to achieve a higher poWer level 
than the average poWer level at least for a period of time 
corresponding to 3 TW. When a very small mark needs to be 
made on a high-density storage medium in the near future, 
such an emission time Will be too long to make desired 
recording marks. 

[0018] As can be seen, none of the conventional tech 
niques mentioned above can contribute to making marks 
suf?ciently accurately When the transfer rate is high or 
achieving suf?ciently high storage plane density and reli 
ability. 
[0019] In order to overcome the problems described 
above, an object of the present invention is to provide a 
method and apparatus for recording data that can make 
marks With high accuracy even When the transfer rate is 
high. 

DISCLOSURE OF INVENTION 

[0020] A data recording method according to the present 
invention is a method for recording data as edge position 
information, including marks and spaces of multiple differ 
ent lengths, on a storage medium by irradiating the storage 
medium With a pulsed energy beam. The method includes 
the steps of: (A) generating a Write code sequence based on 
the data to be recorded; (B) determining a Write pulse 
Waveform, de?ning the poWer modulation of the energy 
beam, according to the code lengths of respective codes 
included in the Write code sequence; and (C) modulating the 
poWer of the energy beam based on the Write pulse Wave 
form. If the shortest code length of the Write code sequence 
is n (Which is an integer equal to or greater than one), the 
step (B) includes assigning a Write pulse Waveform that has 
only one Write pulse to recording mark making periods 
corresponding to codes With code lengths x of n, n+1 and 
n+2, and a Write pulse Waveform that has multiple Write 
pulses PW to recording mark making periods corresponding 
to codes With code lengths x of n+3 or more, respectively. 

[0021] In one preferred embodiment, if the shortest code 
length of the Write code sequence is n (Which is an integer 
equal to or greater than one), the step (B) includes classi 
fying the code lengths x into at least four lengths including 
n, n+1, n+2 and n+3 or more. As to tWo codes, Which have 
code lengths m and m+1, respectively, and Which have the 
same number of Write pulses PW in the recording mark 
making period of their Write pulse Waveforms, the step (B) 
includes determining the Write pulse Waveforms so as to 
satisfy the inequality: (Write pulse Width of code length 
m)§(Write pulse Width of code length m+l), Where the 
“Write pulse Width of code length m” is the Width of an 
arbitrary Kth Write pulse period included in the recording 
mark making period corresponding to the code length m and 
the “Write pulse Width of code length m+l” is the Width of 
the Kth Write pulse period included in the recording mark 
making period corresponding to the code length m+1. 

[0022] In another preferred embodiment, as to tWo codes, 
Which have code lengths m and m+1, respectively, and 
Which have the same number of Write pulses PW and the 
same number of periods With a bottom poWer level Pb 
betWeen tWo Write pulses PW in the recording mark making 
period of their Write pulse Waveforms, the step (B) includes 
determining the Write pulse Waveforms so as to satisfy the 
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inequality: (pulse Width of code length m)§(pulse Width of 
code length m+l), Where the “pulse Width of code length m” 
is the Width of an arbitrary Kth period With the bottom poWer 
level Pb included in the recording mark making period 
corresponding to the code length m and the “pulse Width of 
code length m+l” is the Width, of the Kth period With the 
bottom poWer level Pb included in the recording mark 
making period corresponding to the code length m+l. 

[0023] In another preferred embodiment, the Write pulse 
Waveform in the recording mark making period correspond 
ing to codes With code lengths X of n+3 or more includes 
Write pulses, of Which the number is equal to the quotient 
obtained by dividing (X-l) by tWo. 

[0024] In another preferred embodiment, in the recording 
mark making period corresponding to codes With code 
lengths X of n+3 or more, the length of a period in Which the 
Write pulse Waveform has an erasure poWer level Pe is set to 
be at least equal to l TW. 

[0025] In another preferred embodiment, in each said 
recording mark making period, the length of a period in 
Which the Write pulse Waveform has the bottom poWer level 
Pb is set to be at least equal to l TW. 

[0026] In another preferred embodiment, in each said 
recording mark making period, the length of a period in 
Which the Write pulse Waveform has a cooling poWer level 
Pc is set to be at least equal to l TW. 

[0027] In another preferred embodiment, the start position 
of the ?rst pulse, included in a recording mark making 
period of the Write pulse Waveform, and the end position of 
a cooling pulse, also included in the recording mark making 
period, are shifted according to the length X of a code 
associated With the recording mark making period. 

[0028] In another preferred embodiment, the positions are 
shifted to at least four different degrees corresponding to the 
code lengths X of n, n+1, n+2 and n+3 or more. 

[0029] An apparatus according to the present invention is 
an apparatus for recording data as edge position information, 
including marks and spaces of multiple different lengths, on 
a storage medium by irradiating the storage medium With a 
pulsed energy beam. The apparatus includes: laser driving 
means for modulating the poWer of the energy beam; coding 
means for converting the data to be recorded on the storage 
medium into a Write code sequence; and mark length clas 
sifying means for determining a Write pulse Waveform, 
de?ning the poWer modulation of the energy beam, accord 
ing to the code lengths X of respective codes included in the 
Write code sequence. If the shortest code length of the Write 
code sequence is n (Which is an integer equal to or greater 
than one), the mark length classifying means assigns a Write 
pulse Waveform that has only one Write pulse PW to record 
ing mark making periods corresponding to codes With code 
lengths X of n, n+1 and n+2, and a Write pulse Waveform that 
has multiple Write pulses PW to recording mark making 
periods corresponding to codes With code lengths X of n+3 
or more, respectively. 

[0030] In one preferred embodiment, as to tWo codes, 
Which have code lengths m and m+l, respectively, and 
Which have the same number of Write pulses PW and the 
same number of periods With a bottom poWer level Pb 
betWeen tWo Write pulses PW in the recording mark making 
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period of their Write pulse Waveforms, the Write pulse 
Waveforms are determined so as to satisfy the inequality: 
(pulse Width of code length m) 2 (pulse Width of code length 
m+l), Where the “pulse Width of code length m” is an 
arbitrary Kth period With the bottom poWer level included in 
the recording mark making period corresponding to the code 
length m and the “pulse Width of code length m+l” is the 
Kth period With the bottom poWer level included in the 
recording mark making period corresponding to the code 
length m+l. 

[0031] In another preferred embodiment, if the shortest 
code length of the Write code sequence is n (Which is an 
integer equal to or greater than one), the code lengths X are 
classi?ed into at least four lengths including n, n+1, n+2 and 
n+3 or more. As to tWo codes, Which have code lengths m 
and m+l, respectively, and Which have the same number of 
Write pulses PW in the recording mark making period of their 
Write pulse Waveforms, the Write pulse Waveforms are 
determined so as to satisfy the inequality: (Write pulse Width 
of code length m)§(Write pulse Width of code length m+l), 
Where the “Write pulse Width of code length m” is the Width 
of an arbitrary Kth Write pulse period included in the 
recording mark making period corresponding to the code 
length m and the “Write pulse Width of code length m+l” is 
the Width of the Kth Write pulse period included in the 
recording mark making period corresponding to the code 
length m+l. 

[0032] In another preferred embodiment, as to tWo codes, 
Which have code lengths m and m+l, respectively, and 
Which have the same number of Write pulses PW and the 
same number of periods With a bottom poWer level Pb 
betWeen tWo Write pulses PW in the recording mark making 
period of their Write pulse Waveforms, the Write pulse 
Waveforms are determined so as to satisfy the inequality: 
(pulse Width of code length m) 2 (pulse Width of code length 
m+l), Where the “pulse Width ofcode length m” is the Width 
of an arbitrary Kth period With the bottom poWer level Pb 
included in the recording mark making period corresponding 
to the code length m and the “pulse Width of code length 
m+l” is the Width of the Kth period With the bottom poWer 
level Pb included in the recording mark making period 
corresponding to the code length m+l. 

[0033] In another preferred embodiment, the Write pulse 
Waveform in the recording mark making periods corre 
sponding to codes With code lengths X of n+3 or more is 
determined so as to include a number of Write pulses that is 
equal to the quotient obtained by dividing (X-l) by tWo. 

[0034] In another preferred embodiment, the Write pulse 
Waveforms are determined such that every interval betWeen 
trailing and leading edges of a fundamental Waveform of a 
laser pulse in the mark making periods becomes at least 
equal to a detection WindoW Width TW. 

[0035] In another preferred embodiment, the apparatus 
includes pulse shifting means for shifting the start position 
of the ?rst pulse, included in a recording mark making 
period of the Write pulse Waveform, and the end position of 
a cooling pulse, also included in the Write pulse Waveform, 
according to the length X of a code associated With the 
recording mark making period. 

[0036] In another preferred embodiment, the apparatus 
includes Write compensating means for shifting the positions 
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to at least four different degrees corresponding to the code 
lengths X of n, n+1, n+2 and n+3 or more. 

[0037] Another data recording method according to the 
present invention is a method for recording data as edge 
position information, including marks and spaces of mul 
tiple different lengths, on a storage medium by irradiating 
the storage medium With a pulsed energy beam. The method 
includes the steps of: (A) generating a Write code sequence 
based on the data to be recorded; (B) determining a Write 
pulse Waveform, de?ning the poWer modulation of the 
energy beam, according to the code lengths of respective 
codes included in the Write code sequence; and (C) modu 
lating the poWer of the energy beam based on the Write pulse 
Waveform. The step (B) includes setting the number of Write 
pulses PW, included in respective recording mark making 
periods of the Write pulse Waveforms corresponding to code 
lengths n and n+1, to be equal to one, and making the Width 
of the Write pulse PW, included in the recording mark 
making period of the Write pulse Waveform corresponding to 
the code length n, equal to or smaller than that of the Write 
pulse PW included in the recording mark making period of 
the Write pulse Waveform corresponding to the code length 
n+1. The step (B) also includes setting the number of Write 
pulses PW, included in respective recording mark making 
periods of the Write pulse Waveforms corresponding to code 
lengths n+2 and n+3, to be equal to tWo, and making the 
Width of a ?rst Write pulse PW, included in the recording 
mark making period of the Write pulse Waveform corre 
sponding to the code length n+2, equal to or smaller than that 
of a ?rst Write pulse PW included in the recording mark 
making period of the Write pulse Waveform corresponding to 
the code length n+3. And the step (B) further includes 
making the Width of a second Write pulse PW, included in the 
recording mark making period of the Write pulse Waveform 
corresponding to a code length n+2, equal to or smaller than 
that of a second Write pulse PW included in the recording 
mark making period of the Write pulse Waveform corre 
sponding to a code length n+3. 

[0038] Still another data recording method according to 
the present invention is a method for recording data as edge 
position information, including marks and spaces of mul 
tiple different lengths, on a storage medium by irradiating 
the storage medium With a pulsed energy beam. The method 
includes the steps of: (A) generating a Write code sequence 
based on the data to be recorded; (B) determining a Write 
pulse Waveform, de?ning the poWer modulation of the 
energy beam, according to the code lengths of respective 
codes included in the Write code sequence; and (C) modu 
lating the poWer of the energy beam based on the Write pulse 
Waveform. If the shortest code length of the Write code 
sequence is n (Which is an integer equal to or greater than 
one), the step (B) includes classifying the code lengths X into 
at least four lengths including n, n+1, n+2 and n+3 or more. 
As to tWo codes, Which have code lengths m and m+l, 
respectively, and Which have the same number of Write 
pulses PW in the recording mark making period of their Write 
pulse Waveforms, the step (B) includes determining the 
Write pulse Waveforms so as to satisfy the inequality: (Write 
pulse Width of code length m)§(Write pulse Width of code 
length m+l), Where the “Write pulse Width of code length m” 
is the Width of an arbitrary Kth Write pulse period included 
in the recording mark making period corresponding to the 
code length m and the “Write pulse Width of code length m+l 
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is the Width of the Kth Write pulse period included in the 
recording mark making period corresponding to the code 
length m+l. 
[0039] Yet another data recording method according to the 
present invention is a method for recording data as edge 
position information, including marks and spaces of mul 
tiple different lengths, on a storage medium by irradiating 
the storage medium With a pulsed energy beam. The method 
includes the steps of: (A) generating a Write code sequence 
based on the data to be recorded; (B) determining a Write 
pulse Waveform, de?ning the poWer modulation of the 
energy beam, according to the code lengths of respective 
codes included in the Write code sequence; and (C) modu 
lating the poWer of the energy beam based on the Write pulse 
Waveform. As to tWo codes, Which have code lengths m and 
m+ 1, respectively, and Which have the same number of Write 
pulses PW and the same number of periods With a bottom 
poWer level Pb betWeen tWo Write pulses PW in the recording 
mark making period of their Write pulse Waveforms, the step 
(B) includes determining the Write pulse Waveforms so as to 
satisfy the inequality: (pulse Width of code length 
m)§(pulse Width of code length m+l), Where the “pulse 
Width of code length m” is the Width of an arbitrary Kth 
period With the bottom poWer level Pb included in the 
recording mark making period corresponding to the code 
length m and the “pulse Width of code length m+l” is the 
Width of the Kth period With the bottom poWer level Pb 
included in the recording mark making period corresponding 
to the code length m+l. 

[0040] Another apparatus according to the present inven 
tion is an apparatus for recording data as edge position 
information, including marks and spaces of multiple differ 
ent lengths, on a storage medium by irradiating the storage 
medium With a pulsed energy beam. The apparatus includes: 
laser driving means for modulating the poWer of the energy 
beam; coding means for converting the data to be recorded 
on the storage medium into a Write code sequence; and mark 
length classifying means for determining a Write pulse 
Waveform, de?ning the poWer modulation of the energy 
beam, according to the code lengths X of respective codes 
included in the Write code sequence. The mark length 
classifying means sets the number of Write pulses PW, 
included in respective recording mark making periods of the 
Write pulse Waveforms corresponding to code lengths n and 
n+1, to be equal to one, and makes the Width of the Write 
pulse PW, included in the recording mark making period of 
the Write pulse Waveform corresponding to the code length 
n, equal to or smaller than that of the Write pulse PW 
included in the recording mark making period of the Write 
pulse Waveform corresponding to the code length n+1. The 
mark length classifying means also sets the number of Write 
pulses PW, included in respective recording mark making 
periods of the Write pulse Waveforms corresponding to code 
lengths n+2 and n+3, to be equal to tWo, and makes the Width 
of a ?rst Write pulse PW, included in the recording mark 
making period of the Write pulse Waveform corresponding to 
the code length n+2, equal to or smaller than that of a ?rst 
Write pulse PW included in the recording mark making 
period of the Write pulse Waveform corresponding to the 
code length n+3. And the mark length classifying means 
further makes the Width of a second Write pulse PW, included 
in the recording mark making period of the Write pulse 
Waveform corresponding to a code length n+2, equal to or 
smaller than that of a second Write pulse PW included in the 
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recording mark making period of the Write pulse Waveform 
corresponding to a code length n+3. 

[0041] Still another apparatus according to the present 
invention is an apparatus for recording data as edge position 
information, including marks and spaces of multiple differ 
ent lengths, on a storage medium by irradiating the storage 
medium With a pulsed energy beam. The apparatus includes: 
laser driving means for modulating the poWer of the energy 
beam; coding means for converting the data to be recorded 
on the storage medium into a Write code sequence; and mark 
length classifying means for determining a Write pulse 
Waveform, de?ning the poWer modulation of the energy 
beam, according to the code lengths X of respective codes 
included in the Write code sequence. If the shortest code 
length of the Write code sequence is n (Which is an integer 
equal to or greater than one), the mark length classifying 
means classi?es the code lengths X into at least four lengths 
including n, n+1, n+2 and n+3 or more. As to tWo codes, 
Which have code lengths m and m+l, respectively, and 
Which have the same number of Write pulses PW in the 
recording mark making period of their Write pulse Wave 
forms, the mark length classifying means determines the 
Write pulse Waveforms so as to satisfy the inequality: (Write 
pulse Width of code length m)§(Write pulse Width of code 
length m+l), Where the “Write pulse Width of code length m” 
is the Width of an arbitrary Kth Write pulse period included 
in the recording mark making period corresponding to the 
code length m and the “Write pulse Width of code length 
m+l” is the Width of the Kth Write pulse period included in 
the recording mark making period corresponding to the code 
length m+l. 

[0042] Yet another apparatus according to the present 
invention is an apparatus for recording data as edge position 
information, including marks and spaces of multiple differ 
ent lengths, on a storage medium by irradiating the storage 
medium With a pulsed energy beam. The apparatus includes: 
laser driving means for modulating the poWer of the energy 
beam; coding means for converting the data to be recorded 
on the storage medium into a Write code sequence; and mark 
length classifying means for determining a Write pulse 
Waveform, de?ning the poWer modulation of the energy 
beam, according to the code lengths X of respective codes 
included in the Write code sequence. As to tWo codes, Which 
have code lengths m and m+l, respectively, and Which have 
the same number of Write pulses PW and the same number 
of periods With a bottom poWer level Pb betWeen tWo Write 
pulses PW in the recording mark making period of their Write 
pulse Waveforms, the mark length classifying means deter 
mines the Write pulse Waveforms so as to satisfy the inequal 
ity: (pulse Width of code length m)§(pulse Width of code 
length m+ l ), Where the “pulse Width of code length m” is the 
Width of an arbitrary Kth period With the bottom poWer level 
Pb included in the recording mark making period corre 
sponding to the code length m and the “pulse Width of code 
length m +1” is the Width of the Kth period With the bottom 
poWer level Pb included in the recording mark making 
period corresponding to the code length m+l. 

[0043] Yet another data recording method according to the 
present invention is a method for recording data as edge 
position information, including marks and spaces of mul 
tiple different lengths, on a storage medium by irradiating 
the storage medium With a pulsed energy beam. The method 
includes the steps of: (A) generating a Write code sequence 
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based on the data to be recorded; (B) determining a Write 
pulse Waveform, de?ning the poWer modulation of the 
energy beam, according to the code lengths of respective 
codes included in the Write code sequence; and (C) modu 
lating the poWer of the energy beam based on the Write pulse 
Waveform. As to tWo codes, Which have code lengths m and 
m+ 1, respectively, and Which have the same number of Write 
pulses PW in the recording mark making period of their Write 
pulse Waveforms, the Write pulse Waveforms are determined 
so as to satisfy the inequality: (Write pulse Width of code 
length m)§(Write pulse Width of code length m+l), Where 
the “Write pulse Width of code length m” is the Width of an 
arbitrary Kth Write pulse period included in the recording 
mark making period corresponding to the code length m and 
the “Write pulse Width of code length m+l” is the Width of 
the Kth Write pulse period included in the recording mark 
making period corresponding to the code length m+l. 

[0044] Yet another data recording method according to the 
present invention is a method for recording data as edge 
position information, including marks and spaces of mul 
tiple different lengths, on a storage medium by irradiating 
the storage medium With a pulsed energy beam. The method 
includes the steps of: (A) generating a Write code sequence 
based on the data to be recorded; (B) determining a Write 
pulse Waveform, de?ning the poWer modulation of the 
energy beam, according to the code lengths of respective 
codes included in the Write code sequence; and (C) modu 
lating the poWer of the energy beam based on the Write pulse 
Waveform. As to tWo codes, Which have code lengths m and 
m+ 1, respectively, and Which have the same number of Write 
pulses PW and the same number of periods With a bottom 
poWer level Pb betWeen tWo Write pulses PW in the recording 
mark making period of their Write pulse Waveforms, the 
Write pulse Waveforms are determined so as to satisfy the 
inequality: (pulse Width of code length m)§(pulse Width of 
code length m+l), Where the “pulse Width of code length m” 
is the Width of an arbitrary Kth period With the bottom poWer 
level Pb included in the recording mark making period 
corresponding to the code length m and the “pulse Width of 
code length m+l” is the Width of the Kth period With the 
bottom poWer level Pb included in the recording mark 
making period corresponding to the code length m+l. 

BRIEF DESCRIPTION OF DRAWINGS 

[0045] FIG. 1 shoWs an overall con?guration for an 
apparatus according to the present invention. 

[0046] FIG. 2 shoWs a con?guration for the recording 
processing system shoWn in FIG. 1. 

[0047] Portions (a) through (h) of FIG. 3 shoW hoW the 
recording processing system Works in the present invention 
and in the prior art. 

[0048] Portions (a) through (i) of FIG. 4 shoW Write pulse 
Waveforms adopted in a ?rst preferred embodiment of an 
apparatus according to the present invention. 

[0049] Portions (a) through (i) of FIG. 5 shoW Write pulse 
Waveforms for the recording processing system of a con 
ventional data recorder (as a comparative eXample). 

[0050] Portions (a) through (i) of FIG. 6 shoW Write pulse 
Waveforms adopted in a second preferred embodiment of an 
apparatus according to the present invention. 
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[0051] Portions (a) through (j) of FIG. 7 shoW Write pulse 
Waveforms adopted in a third preferred embodiment of an 
apparatus according to the present invention. 

[0052] FIG. 8 shoWs hoW adaptive mark compensation 
can be done according to the present invention. 

[0053] FIG. 9 shoWs hoW adaptive mark compensation 
can be done according to the present invention. 

[0054] FIG. 10 shoWs a con?guration for the recording 
processing system of a conventional data recorder. 

[0055] Portions (a) through (j) of FIG. 11 shoW Write 
pulse Waveforms adopted in a fourth preferred embodiment 
of an apparatus according to the present invention. 

[0056] Portions (a) through (j) of FIG. 12 shoW Write 
pulse Waveforms adopted in a ?fth preferred embodiment of 
an apparatus according to the present invention. 

[0057] FIGS. 13(a) and 13(b) shoW tWo types of Write 
pulse Waveforms for making a 4TW mark, and FIGS. 13(0) 
and 13(d) schematically illustrate the shapes of marks left. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0058] In a conventional Write strategy for optical disk 
drives, the number of pulses for multi-pulse Writing is 
increased such that the resultant mark Will not have an 
expanded end portion. 

[0059] The present inventors discovered that When data 
needed to be recorded at a high rate, the mark shape could 
be kept appropriate by increasing the pulse Width, not the 
number of pulses for multi-pulse Writing, thus acquiring the 
basic idea of the present invention. Suppose the data transfer 
rate Will go beyond 72 Mbps in the near future. In that case, 
according to the conventional Write strategy that uses a lot 
of pulses for multi-pulse Writing, a semiconductor laser, 
functioning as a light source in a drive for recording data, 
Will need to have a further increased operating frequency. 
Actually, hoWever, it is di?icult to further increase the 
operating frequency of semiconductor lasers. 

[0060] In contrast, in a preferred embodiment of the 
present invention, data is recorded With just one pulse 
applied in making relatively short marks With code lengths 
of 2 TW to 4 TW as Will be described later, and there is no 
need to further improve the performance of semiconductor 
lasers. In addition, since resultant marks have appropriate 
shapes, read errors never increase, either. 

[0061] Hereinafter, preferred embodiments of the present 
invention Will be described With reference to the accompa 
nying draWings. 

EMBODIMENT l 

[0062] A ?rst preferred embodiment of a data recorder 
according to the present invention Will be described. 

[0063] In this preferred embodiment, a phase change opti 
cal disk is used as a storage medium. HoWever, the storage 
media that may be used in the present invention are not 
limited to optical disks of that type. Any other type of 
storage medium can also be used effectively in the present 
invention as long as the storage medium can locally make a 
“mar ” With a different physical property from the other 
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portions by applying some non-optical energy such as 
magnetic energy or electron beam to the storage medium. 

[0064] The present invention is characterized by its Write 
strategy of controlling the level of energy applied to a 
storage medium in recording data on the storage medium 
(i.e., Write energy) highly precisely. As used herein, the 
“Write energy level” means the average energy level of a 
laser beam in a period of time that is approximately a half 
as long as the detection WindoW Width (Which is a unit of 
variation in the edge position of marks and spaces). If a 
frequency component that is much higher than the frequency 
of a period corresponding to the detection WindoW Width is 
superposed on a Write pulse Waveform for some reason (e. g., 
to minimiZe laser noise), then the “Write energy level” 
means an average energy level of a period of time that is 
long enough to neglect the in?uence of that frequency 
component. 

[0065] First, referring to FIG. 1, illustrated is an overall 
con?guration for a data recorder according to a preferred 
embodiment of the present invention. As shoWn in FIG. 1, 
the apparatus of this preferred embodiment includes an 
optical pickup, a Write processing system and a read pro 
cessing system. 
[0066] The optical pickup includes a laser 110 for radiat 
ing a laser beam 123, a collimator lens 109 for transforming 
the laser beam 123 into parallel light, a half mirror 108, an 
objective lens 116 for condensing the laser beam 123 onto an 
optical disk 117, a detector lens 106 for condensing the light 
that has been re?ected from the optical disk 117, a photo 
detector 100 for detecting the re?ected light, and a pre 
ampli?er 101 for amplifying the output of the photodetector 
100. 

[0067] In this preferred embodiment, the laser 110 may be 
a semiconductor laser that oscillates at a Wavelength of 405 
nm and the objective lens 116 may have an NA of 0.85, for 
example. Only one laser 110 and its accompanying optical 
system are shoWn in FIG. 1. HoWever, the single optical 
pickup may include a light source module for emitting laser 
beams With multiple different Wavelengths and their asso 
ciated optical systems. 

[0068] The Write processing system shoWn in FIG. 1 
includes a data modulator 113 for converting Write data 127 
into a Write code sequence (NRZI) 126, a Write pulse 
Waveform generator 112 for generating a level producing 
signal 125 based on the Write code sequence (NRZI) 126, a 
pulse shifter 115 for generating a pulse generation signal 130 
based on the level producing signal 125, and a laser driver 
111 for outputting laser drive current 124 responsive to the 
pulse generation signal 130. A reference clock signal 128 is 
supplied from a reference clock generator 119 to the data 
modulator 113 and Write pulse Waveform generator 112. In 
this preferred embodiment, the reference clock signal 128 
has a frequency of 72 MHZ and a detection WindoW Width 
TW of 7.58 ns. The Write processing system further includes 
a poWer setter 114 and a Write compensator 118. 

[0069] The read processing system shoWn in FIG. 1 
includes a equaliZer 103 that receives the read signal 120 as 
the output signal of the pre-ampli?er 101 of the optical 
pickup and subjects the signal to Waveform equaliZing 
process, a digitiZer 104 for converting the read signal into a 
digital read signal 121, and a decoder 105 for generating 
read data 122 by decoding the digital read signal 121. 


















