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INFORMATION RECORDING/REPRODUCING 
APPARATUS AND METHOD AND INFORMATION 

RECORDING MEDIUM 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to information 
recording/reproducing techniques for recording/reproducing 
information to/from an information recording medium, and 
more particularly to information recording/reproducing 
techniques capable of optimizing light radiation poWer to be 
used for recording information on the information recording 
medium, in accordance With the state of the recording 
medium. 

[0003] 2. Description of the Related Art 

[0004] Optical disks and the like have already used prac 
tically for recording/reproducing information by using laser 
beams. One eXample of reWritable optical disks is a phase 
change type optical disk Which utiliZes a reversible phase 
change betWeen a crystalline state and an amorphous state. 
In order to obtain the amorphous state, an optical disk is 
heated to a melting point or higher by applying a high poWer 
(record poWer) and thereafter it is rapidly cooled, and in 
order to obtain the crystalline state, the optical disk is heated 
to a crystalliZation temperature by applying a middle poWer 
(erase poWer) betWeen the high poWer and a read poWer and 
thereafter it is rapidly cooled. By changing the laser poWer 
in the above manner, information can be overWritten With a 
single laser beam. A method of setting an optimum record 
poWer When information is Written upon radiation of a laser 
beam, is described in J P-A-7-73466 as a trial Write recording 
control method. With this method, an optimum combination 
of the record poWer (high level) and erase poWer (middle 
poWer) for overWrite is decided in the folloWing manner. 
Information is recorded With a record poWer having a 
constant ratio to an erase poWer, and by loWering the record 
poWer, the poWer level at Which an erroneous operation 
during reproduction starts is detected. By changing the ratio 
to an erase poWer, the above operation is repeated. The 
smallest ratio of the record poWer to the erase poWer is 
obtained, and an operation margin is multiplied by the 
smallest ratio to determined the optimum record poWer. 

SUMMARY OF THE INVENTION 

[0005] It is a ?rst object of the present invention to provide 
an information recording/reproducing method, an informa 
tion recording/reproducing apparatus and an information 
recording medium capable of high density recording 
Wherein a laser poWer is changed by detecting re?ection 
light from a recording medium to suppress as much as 
possible the shape of each record mark from being 
deformed, to form a high precise record mark and to 
improve the reliability of data. 

[0006] It is a second object of the present invention to 
provide an information recording/reproducing method, an 
information recording/reproducing apparatus and an infor 
mation recording medium, capable of increasing a record 
data transfer speed during high precision overWrite, by 
sWitching betWeen preset optimum poWers in the record area 
and in the non-record area. 

[0007] In order to achieve the ?rst object of the invention, 
in recording data by changing the state of a record area of a 
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recording medium by applying light, the state of the record 
area is detected, and in accordance With the detected state, 
light radiation is controlled. 

[0008] In this case, the state of the record area is detected 
from re?ection light from the recording medium, and light 
radiation is controlled in accordance With the n-th (n is a 
natural number) detected re?ection light amount and the 
(n+1)-th detected re?ection light amount. Light radiation is 
preferably controlled by calculating the (n+1)-th light 
amount from the n-th light re?ection amount and comparing 
both the amounts. 

[0009] The above operation is performed periodically or 
any time as desired. It is therefore possible to suppress as 
much as possible the shape of each record mark from being 
deformed, to form a high precise record mark and to 
improve the reliability of data. 

[0010] In order to achieve the second object of the inven 
tion, prior to recording data, light radiation poWers suitable 
for the states of record and non-record areas are calculated 
and the calculated radiation poWers are selectively used in 
accordance With the state of each area. In this case, prior to 
recording data, a record mark and a space are formed in an 
area excepting the data ?eld of a recording medium, and the 
light re?ection amounts of the record area and non-record 
area are detected by using the erase poWer. In accordance 
With this detection results, at least one of the record and 
erase poWers is preset to control the light radiation. 

[0011] In this case, as different from the approach to 
achieve the ?rst object, the preset poWer levels are sWitched 
betWeen the record area and non-record area to perform 
overWrite. Therefore, it is not necessary to calculate a 
change ratio of the re?ection light amount from the record 
area to that from the non-record area. Accordingly, the 
poWer level can be changed at high speed, the high precision 
overWrite becomes possible, and the record data transfer rate 
can be increased. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a block diagram shoWing the circuit of an 
information recording/reproducing apparatus according to 
the invention. 

[0013] FIGS. 2A to 2C shoW Waveforms illustrating the 
operation of the information recording/reproducing appara 
tus. 

[0014] FIGS. 3A to 3C are diagrams illustrating the 
relationship betWeen record Waveforms and record marks. 

[0015] FIG. 4 is a circuit diagram of an eXample of a laser 
driver used by the information recording/reproducing appa 
ratus according to the invention. 

[0016] FIGS. 5A to 5C are diagrams illustrating the state 
of record marks after overWrite. 

[0017] FIGS. 6A to 6F shoW Waveforms illustrating an 
eXample of a poWer correction method according to the 
invention. 

[0018] FIG. 7 is a block diagram shoWing an eXample of 
a record level detector used by the information recording/ 
reproducing apparatus according to the invention. 
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[0019] FIG. 8 is a ?oW chart illustrating the operation of 
a power correction method used by the information record 
ing/reproducing apparatus according to the invention. 

[0020] FIGS. 9A and 9H shoW Waveforms illustrating 
another example of the poWer correction method according 
to the invention. 

[0021] FIG. 10 is a block diagram shoWing another 
example of the record level detector used by the information 
recording/reproducing apparatus according to the invention. 

[0022] FIG. 11 is a circuit diagram shoWing another 
example of the laser driver used by the information record 
ing/reproducing apparatus according to the invention. 

[0023] FIGS. 12A to 12C shoW Waveforms illustrating 
another example of the poWer correction method according 
to the invention. 

[0024] FIGS. 13A to 13C illustrate the relationship 
betWeen the sector format of a recording medium, a data 
record start signal and a poWer correction start signal. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0025] Embodiments of the invention Will be described. 
FIG. 1 shoWs the structure of an information recording/ 
reproducing apparatus according to an embodiment of the 
invention. Reference numeral 1 represents a laser, 2 and 4 
represent a lens, 5 represents a recording medium, 7 and 7a 
represent a photo detector, 9 represents a reproducing cir 
cuit, 12 represents a record level detector, 14 represents a 
laser driver, 15 represents a record pulse generator, 17 
represents a poWer monitor, and 19 represents a controller. 

[0026] The information recording/reproducing apparatus 
is constituted of an optical system including the laser 1, lens 
4 and the like, a record processing system including the 
record pulse generator 15 as its main part, and a reproducing 
system including the reproducing circuit as its main part for 
converting a signal reproduced from an optical head into a 
data signal. The recording medium 5 is made of a record ?lm 
and a substrate for supporting the record ?lm. 

[0027] Upon reception of an instruction or record data 
supplied from a higher level host, the controller 19 analyZes 
the instruction, or modulates the record data to obtain a code 
train corresponding to a modulation scheme. A synthesiZer 
16 is an oscillator for generating a main clock of the 
apparatus. If a record method called ZCAV (Zoned Constant 
Angular Velocity) is incorporated in Which a different main 
clock is used for each Zone to make the record densities at 
the inner and outer circumferences generally equal and to 
increase the capacity of the recording medium, the oscilla 
tion frequency of the synthesiZer 16 is required to be varied 
With each Zone. 

[0028] For servo control of the position of a light spot 
during information recording/reproducing, a focus error 
signal and a track error signal are obtained by using the 
photo detector 7 and a cylindrical lens (not shoWn) disposed 
in front of the photo detector 7. The error signals are input 
to the controller 19 Which in turn supplies a servo signal to 
a servo driver 18 to drive an actuator 6 and control the 
position of the light spot. 

[0029] For information recording, a code train modulated 
With record data and supplied from the controller 19 and the 
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main clock supplied from the synthesiZer 16 are input to the 
record pulse generator 15 Which generates a record pulse 
train for controlling the length and Width of each record 
mark. 

[0030] The record pulse train is input to the laser driver 14 
Which supplies a record current to the laser 1 to generate a 
light beam With a high output poWer. The light beam from 
the laser 1 is made parallel by the lens 2, transmits through 
a prism 3, and is converged on the recording medium 5 by 
the lens 4 to thereby record marks corresponding to the code 
train. During recording, light re?ected from the recording 
medium 5 becomes incident upon the photo detector 7 
Whose output is supplied via a pre-ampli?er 8 to the record 
level detector 12. 

[0031] Sample pulses of the record pulse train are input to 
the record level detector 12 Which detects a change in the 
re?ection light during recording and outputs it to the con 
troller 19. In accordance With this detected change, the 
controller 19 calculates an optimum record poWer so that the 
laser driver 14 can operate to apply a laser beam With the 
optimum record poWer to the recording medium 5. In such 
a manner, since an optimum poWer is alWays set, record 
marks can be recorded With high precision. 

[0032] A high frequency superposing circuit 13 is pro 
vided in order to reduce noises to be caused by the laser 1. 
From the vieWpoint of a life time of the laser, high frequency 
superposition may be stopped during record/erase operation. 

[0033] For reproduction, the laser 1 oscillates at an output 
poWer loWer than that during recording, and the laser beam 
is applied to the recording medium 5. Light re?ected from 
the recording medium 5 is guided to a separate optical path 
by the prism 3 and becomes incident upon the photo detector 
7 Which photoelectrically converts the re?ection light. The 
signal output from the photo detector 7 is then ampli?ed by 
the pre-ampli?er 8 and input to the reproducing circuit 9 
constituted of a Wave equaliZer, an automatic gain controller, 
a binariZing circuit and the like, Which circuit 9 changes an 
input reproduction signal to a binariZed signal. 

[0034] The binariZed signal of the reproducing circuit 9 is 
input to a PLL (Phase Locked Loop) circuit 10 for self 
blocking Which means that the basic frequency of binariZed 
signal or data is used for a clock signal. Areproduction clock 
synchroniZed With the binariZed signal obtained by the PLL 
circuit 10 is input to a discriminating circuit 11 for data 
discrimination. A data discrimination signal obtained by the 
discriminating circuit 11 is input to the controller 19 to 
demodulate data from the discrimination signal. 

[0035] Next, a method of recording information on a 
recording medium according to an embodiment Will be 
described With reference to FIGS. 2A to 2C. In this embodi 
ment, a modulation method using (1, 7) RLL codes is 
incorporated. FIGS. 2A and 2B shoW record code trains 
modulated in accordance With the main clock supplied from 
the synthesiZer 16 and the record data supplied from the 
controller 19, respectively shoWn in FIG. 1. These record 
cord trains include seven trains 2TW to 8TW in the case of (1, 
7) RLL codes, each being a NRZI (Non Return To Zero 
Inverse) signal Which reverses its polarity at the modulation 
code “1” for mark length recording. TW is a detection 
WindoW Width Which is equal to the period TW of the main 
clock supplied from the synthesiZer 16. 
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[0036] The record pulse generator 15 generates a record 
pulse train (FIG. 2C) corresponding to the high level of the 
record code shoWn in FIG. 2B. The pulse Width of the start 
pulse of the record pulse train shoWn in FIG. 2C is different 
from those of the second and folloWing pulses, in order to 
prevent the Width of a record mark from being varied With 
heat of laser radiation. The start pulse has a pulse Width of 
3/2TW shorter by 1/zTW than the pulse Width 2TW of the (1, 7) 
RLL code. The record pulse trains having the pulse Width of 
3TW or longer shoWn in FIG. 2C have a pulse Width 
corresponding to the ?rst pulse 3/2TW and a combination of 
the second and folloWing pulses 1/zTW and spaces 1/zTW 
(same as the main clock Waveform). These pulses are 
generated synchronously With the main clock shoWn in FIG. 
2A so that the precision of the pulse Width and interval can 
be improved. The pulse Width of each record pulse train 
shoWn in FIG. 2C can be set to a desired value Which is an 
integer multiple of the period 1/zTW of the main clock. 

[0037] FIGS. 3A to 3C shoW the relationship betWeen a 
record Waveform (FIG. 3A), control signals (FIG. 3B) and 
record marks (FIG. 3C). The record Waveform shoWn in 
FIG. 3A is constituted of the record pulse train and gaps as 
shoWn in FIG. 2C. As shoWn in FIG. 3B, at the ends of the 
record pulse trainsA and B, the record pulse train C provides 
a suspension or gap period having a Width of TW. Since the 
record pulse train C provides the gap having a certain time 
Width (in this eXample, TW) after the ?nal end (?nal trailing 
edge of a mark forming portion) of the record pulse train A 
or B, heat from the ?nal end of the record pulse train A or 
B can be prevented from changing the temperature at the 
leading edge of the neXt pulse train. The control signals 
shoWn in FIG. 3B are generated by the record pulse gen 
erator 15 and supplied to the laser driver 14. FIG. 3C shoWs 
record marks formed by applying the laser pulse train having 
the record Waveform shoWn in FIG. 3A. 

[0038] The laser poWer is set to ?ve levels. As shoWn in 
FIG. 3A, the laser poWer has ?ve levels, including: a 
reproduction poWer Pr; a poWer Pb loWer than the repro 
duction poWer by an amount corresponding to a suspension 
of high frequency superposition during recording; an erase 
poWer Pe set by the record pulse train C; and record poWers 
PW1 and PW2 set by the record pulse trains A and B. During 
reproduction, the poWer monitor 17 monitors a change in the 
reproduction poWer, and feeds back this change to the laser 
1 to maintain the reproduction poWer Pr constant. As shoWn 
in FIG. 3A, the record Waveform has a poWer of the start 
pulse 3/2TW set loWer by APWZ than the poWer of the 
succeeding pulse 1/zTW. In this manner, the Width of the 
record mark formed by the preceding record pulse train is 
made equal to that of the record mark formed by the 
succeeding record pulse train, and at the same time, the 
record mark lengths can be controlled With high precision. 
In other Words, the temperature at the recording medium set 
by the preceding record pulse train is made equal to the that 
set by the succeeding record pulse train so that the record 
mark Width can be made constant. Therefore, the amplitude 
of a reproduction signal obtained from the recording 
medium becomes constant. AbinariZed signal can be formed 
by slicing the reproduction signal at the center of its ampli 
tude or at a certain level. 

[0039] FIG. 4 shoWs the laser driver 14 for generating 
record marks according to an embodiment of the invention. 
The record pulse trains A, B and C shoWn in FIG. 3B are 
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input via inverters 41 to current sWitches 42 Which drive the 
pulse trains at high speed. The amount of current of each 
current sWitch 42 is controlled by the controller via each D/A 
converter 43. Each current amount is determined by the 
current/poWer characteristics (I-L characteristics) of the 
laser 1, and FIG. 3A shoWs the laser poWers (APW1, APWZ 
and APe) applied to the recording medium 5. In response to 
the on/off of each recording pulse train A, B, C, current ?oWs 
through the laser 1 and the record Waveform shoWn in FIG. 
3A can be obtained. AnAPC (Auto PoWer Controller) circuit 
44 controls a current to be supplied to the laser 1 in 
accordance With an instruction from the poWer monitor 17. 

[0040] For comparison With the present invention, the 
shapes of record marks formed by a conventional technique 
Will be described With reference to FIGS. 5A to SC. FIG. 
5A shoWs the shapes of record marks recorded on a record 
ing area of a recording medium, FIG. 5B shoWs the amount 
of light re?ected from the recording medium during over 
Write, and FIG. 5C shoWs the shapes of record marks 
overWritten on the recording medium With the record marks 
shoWn in FIG. 5A. In a phase change type optical disk, 
generally the crystalline state corresponds to a non-record or 
erase state and the amorphous state corresponds to a record 
state. The length and Width of each record mark shoWn in 
FIG. 5A are highly precise. Light absorption is large in the 
amorphous region (mark) and small in the crystalline region 
(space), so that the amount of re?ection light reduces in the 
mark region as indicated by a solid line in FIG. 5B. The 
broken line indicates the amount of re?ection light if the 
mark is not recorded and the region is in a non-record or 
erase state. Therefore, as neW record marks are overWritten, 
the length of the mark becomes long by 0t and the Width 
becomes Wide by y, as shoWn in FIG. 5C, loWering the 
reliability of data. 

[0041] FIGS. 6A to 6F illustrate poWer correction for 
record marks to be overWritten. In the eXample shoWn in 
FIGS. 6A to 6F, the poWer correction is performed by using 
the erase poWer Pe. A neW record pattern (a mark length 
3TW, a space length STW, and a mark length 3TW) is 
overWritten on a recording medium With the record pattern 
(a mark length 4TW, a space length 2TW, and a mark length 
2TW) already Written. FIG. 6A shoWs a data record start 
signal. When this signal rises, neW data is recorded. FIG. 6B 
shoWs a poWer correction start signal used immediately 
before data record for generating a corrected erase poWer. 

[0042] The timing When the poWer correction start signal 
is generated Will be described With reference to FIGS. 13A 
to 13C. The recording medium 5 is Written With data in the 
sector format such as shoWn in FIG. 13A. An address ?eld 
20 is an area for storing a physical address of the pre 
recorded sector of the disk, and a data ?eld 22 is an area for 
storing data. A gap ?eld 21 is provided betWeen the address 
?eld 20 and data ?eld 22, as a sWitching area to the record 
operation after the record sector is con?rmed by the address 
?eld 20. Abuffer ?eld 23 is an area for absorbing a shift in 
the data ?eld to be caused by a rotation variation of the 
recording medium 5 during recording. 

[0043] FIG. 13B shoWs the data record start signal (cor 
responding to FIG. 6A) in response to Which the data record 
in the data ?eld starts. FIG. 13C shoWs the poWer correction 
start signal (corresponding to FIG. 6B) Which is generated 
at the start of the gap ?eld 21 before the data ?eld 22 and 
terminated at the end of the data ?eld 22. 



US 2001/0007548 A1 

[0044] The reason Why the power correction start signal is 
set up before the data record start signal is as follows. Since 
the gap ?eld 21 is not Written With data, it is alWays in a 
non-record state. Therefore, even if the erase poWer is 
applied to this ?eld, a re?ection factor in the non-record state 
(crystalline state) can be obtained alWays. 

[0045] Returning back to the description of FIGS. 6A to 
6F, FIG. 6C shoWs sample pulses used for detecting light 
(FIG. 6D) re?ected from the recording medium. These 
sample pulses can be generated easily by using the main 
clock and record pulse trains generated by the record pulse 
generator 15. 

[0046] The sample pulses shoWn in FIG. 6C is generated 
from the main clock shoWn in FIG. 2A and the record pulse 
trains A and C of the control signals shoWn in FIG. 3B. 
Speci?cally, the sample signals shoWn in FIG. 6C are 
generated by the record pulse generator 15 shoWn in FIG. 1 
as logical products of inverted signals of the main clock 
shoWn in FIG. 2A and a logical product of the record pulse 
trains A and C. The pulse Width of the sample pulse can be 
set as desired. 

[0047] In this embodiment, the sample pulses are used for 
detecting a level of the erase poWer Pe shoWn in FIG. 3A. 
Sample pulses for detecting the record poWer level can also 
be formed easily from the main clock and record pulse trains 
driving the laser driver 14. Sample pulses for detecting 
levels of the record poWers PW1 and PW2 can be formed in 
a similar manner from the main clock and record pulse trains 
A and B. 

[0048] As above, by using sample pulses generated from 
the main clock (FIG. 2A) and record pulse trains (FIG. 3B), 
the levels of the erase and record poWers can be easily 
detected. 

[0049] FIG. 6D shoWs the amount of re?ection light 
during overWrite. The re?ection light in a conventional 
method is indicated by a solid line, Whereas the erase level 
after poWer correction is indicated by a broken line. FIG. 6E 
shoWs the corrected erase poWer level during overWrite, and 
FIG. 6F shoWs the shapes of record marks With poWer 
correction. 

[0050] The poWer correction operation Will be described. 
In response to the poWer correction start signal shoWn in 
FIG. 6B, only the erase poWer Pe shoWn in FIG. 3A is 
applied to the recording medium 5. By using the ?rst sample 
pulse shoWn in FIG. 6C, the re?ection light level is detected 
in the non-record or erase state to obtain the relationship 
betWeen the radiated poWer and the re?ection light level 
(voltage from the preampli?er 8) to predict the re?ection 
light level to be detected by the neXt sample pulse shoWn in 
FIG. 6C. The predicted re?ection light level is compared 
With that measured by using the neXt sample pulse. The 
poWer is changed in accordance With a change ratio of the 
measured value to the predicted value. The above operations 
are repeated for each sample pulse shoWn in FIG. 6C. 
Namely, the (n+1)-th predicted value calculated from the 
n-th measured value is compared With the (n+1)-th measured 
value, and the poWer is changed in accordance With its 
change ratio. In this manner, even if there are marks already 
recorded, the shape of a neW mark becomes generally the 
same as that of a mark recorded in a non-record area. 

[0051] FIG. 7 shoWs the record level detector 12 accord 
ing to an embodiment of the invention. The record level 

Jul. 12, 2001 

detector 12 is constituted of a sample/hold circuit 70 and an 
A/D converter 71. A voltage converted from re?ection light 
by the photo detector 7 is ampli?ed by the pre-ampli?er 8 to 
have a predetermined level and input to the sample/hold 
circuit 70. This voltage held by the sample/hold circuit 70 in 
response to the sample pulse (FIG. 6C) is supplied to the 
A/D converter 71. The converted digital voltage is supplied 
to the controller 19. 

[0052] FIG. 8 is a ?oW chart illustrating the operation of 
a program for a poWer correction method. This poWer 
correction program is eXecuted by the controller 19. In 
response to the poWer correction start signal (FIG. 6B), 
initial values are set at step 81. This step corresponds to a 
setting program of the poWer correction program. The initial 
values include the i-th (?rst) measured voltage (Vm)i, a ratio 
(Km)i=1 to a predicted voltage (Vs)1, correction poWers 
oPe, 0PW1 and 0PW2 (=0), and reference poWers APe, APW1 
and APW2. The reference poWers are optimum record poW 
ers set by the controller 19. Next, it is checked at step 82 
Whether the poWer correction period continues. If in the 
poWer correction period, the poWer correction method con 
tinues, Whereas if not, it is terminated at step 83. These steps 
correspond to a check program of the poWer correction 
program. During the poWer correction period, the controller 
19 fetches the measured voltage Vm (re?ection light level) 
at each sample pulse (FIG. 6C) at step 84 to perform the 
folloWing processes 1 to 5 at step 85. This step corresponds 
to a correction value calculation program of the poWer 
correction program. 

[0053] Process 1: a ratio Ks of the erase poWer APe to a 
reference voltage Vs is calculated. 

[0055] (this calculation is performed only for the ?rst 
sample pulse, or before the data record start) 

[0056] Process 2: a ratio (Km)i+1 of a measured voltage 
(Vm)i+1 to a predicted voltage (Vs)i+1 is calculated. 

[0059] Process 3: correction poWers (6Pe)i+1, (6PW1)i+1 
and (6PW2)i+1 are calculated. 
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(APW2)i+1=APW2+(6PW2)i+1 

[0066] if i=1, (APW2)i=APW2 
[0067] Process 5: the powers are set again. 

[0068] In the above processes 1 to 5, the process 1 is 
performed immediately after the poWer correction starts to 
calculate the ratio Ks of the poWer to the reference voltage 
for calculation of the predicted voltage Vs. The ratio Ks of 
the poWer to the voltage is a ratio in the non-record state 
(crystalline state) Wherein the erase poWer is applied to the 
non-record area before the data record starts, this area being 
alWays in the non-record state (crystalline state). It is there 
fore alWays possible to calculate the ratio Ks in the non 
record state (crystalline state). 

[0069] In the processes 2 to 5, data obtained by the 
(i+1)-th sample pulse is used together With data obtained by 
the i-th sample pulse at the process 1. At the process 2, the 
(i+1)-th predicted voltage (Vs) is calculated as a product of 
the i-th APe and the ratio Ks to calculate the ratio (Km)i+1 
of the measured voltage (Vm)i+1 to the predicted voltage 
(Vs)i+1. In this case, the measured voltage is loWer than the 
predicted voltage if light is applied to the area With the 
record mark, because of a different light absorption. There 
fore, the change ratio is re?ected upon the record and erase 
poWers to loWer the poWers and eliminate a different light 
absorption. If the area has no record mark, the measured 
voltage and predicted voltage are equal so that the poWer is 
not necessary to be changed. This operation is performed at 
the processes 3 and 4, and the neW poWer set at the process 
5 is supplied to the laser driver 14. 

[0070] Why it is necessary to calculate the predicted 
voltage Will be described. The measured voltage becomes 
loWer than the predicted voltage not only by the presence of 
a record mark but also by a corrected poWer set upon 
detection of the record mark. Therefore, if there is a record 
mark Which eXtends over a plurality of sample pulses (FIG. 
6C), the poWer is loWered at each sample pulse by the poWer 
correction method, so that an optimum poWer cannot be 
calculated. HoWever, since the ratio Km of the measured 
voltage to the predicted value is used, this problem can be 
solved. Speci?cally, if the record mark is already present, the 
ratio Km smaller than “1” is used to loWer the corrected 
poWer than the initial poWer, Whereas if there is no record 
mark, i.e., the non-record state (crystalline state), the ratio 
Km=1 is used so that the correction poWer becomes Zero and 
the initially set reference poWer is used as the corrected 
poWer. In this manner, by incorporating the predicted volt 
age, it becomes possible to discriminate betWeen the record 
state and non-record state and set an optimum poWer. 

[0071] After the data record starts, the above processes 2 
to 5 are repeated so that a record mark can be formed With 
high precision. In the above description, the poWer is 
corrected by detecting a change in the re?ection light 
amount by using the erase poWer. It is also possible to 
correct the poWer by detecting a change in the re?ection 
light amount by using the record poWer level PW1, PW2. In 
this case, the sample pulses can be generated from the main 
clock and the record pulse train A, and the predicted voltage 
can be calculated as a product of the ratio Ks calculated at 
the process 1 and a reference poWer APW1, APW2. Also in 
this case, although there is a different light absorption factor, 
the processes similar to the above are performed to obtain an 
optimum record poWer. 
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[0072] If the frequency of the main clock is set higher 
(e.g., an integer multiple of the main clock), the period of the 
sample pulses can be shortened so that the poWer can be 
corrected more precisely. In this embodiment, the re?ection 
light amount is detected and the poWer is corrected at each 
sample pulse. Instead of sample pulses, the voltage may be 
monitored at all times in an analog manner to correct the 
poWer in accordance With the voltage change. In this case, 
it is obvious that marks can be formed more precisely. 

[0073] Next, the poWer correction method according to 
another embodiment of the invention Will be described. In 
the embodiment shoWn in FIGS. 6A to 6F and FIG. 8, the 
controller 19 is used for realiZing a high precision poWer 
correction. In this embodiment, poWer can be corrected With 
a more simpli?ed circuit structure, assuming that the light 
absorption factor of an area With a record mark is knoWn in 
advance. 

[0074] The signals shoWn in FIGS. 9A and 9B are the 
same as those shoWn in FIGS. 6A and 6B. In this embodi 
ment, tWo types of sample pulses A and B are used as shoWn 
in FIGS. 9C and 9D to detect a light absorption difference 
betWeen the mark and space. At each sample pulse A, the 
re?ection light amount is detected by using a neWly set erase 
poWer, and at each sample pulse B, the re?ection light 
amount is detected by using an erase poWer set before its 
neWly set erase poWer. Immediately before data is recorded 
(from the poWer correction start signal to the data record 
start signal), the sample pulses A and B may be generated at 
the same timings. The re?ection light level detected by using 
the sample pulse A is used as a reference level. In order to 
detect a light absorption difference betWeen the mark and 
space, positive and negative levels smaller in absolute value 
than the level change to be caused by a light absorption 
difference are added to the reference level to obtain tWo 
levels Which are set to comparators 104a and 104b (FIG. 
10). The comparators 104a and 104b compare the set levels 
With the level detected by using the sample pulse B. 

[0075] The levels set to the comparators 104a and 104b 
are shoWn in FIG. 9H together With the re?ection light 
during overWrite. The solid line in FIG. 9H shoWs the 
re?ection light amount Without poWer correction, and the 
broken line shoWs the erase level With poWer correction. In 
accordance With the signals output from the comparators 
104a and 104b, a current reduction signal shoWn in FIG. 9G 
is obtained. This current reduction signal is supplied to the 
laser driver 14 to change the poWer. The re?ection light level 
detected at each sample pulse A by using a neWly set erase 
poWer is compared With the re?ection light level detected at 
the neXt sample pulse B. If the latter level eXceeds the level 
set to the comparator 104b, it can be judged that the light 
absorption is in the area of the mark so that the poWer is 
loWered, Whereas if it eXceeds the level set to the comparator 
104a, it can be judged that the light absorption is in the area 
of the space so that the poWer is increased. 

[0076] FIG. 10 shoWs the record level detector 12 accord 
ing to another embodiment of the invention. An output of the 
pre-ampli?er 8 is input to tWo sample/hold circuits 100a and 
100b operating in response to the sample pulses A and B 
shoWn in FIGS. 9C and 9D. A level sampled and held in 
response to the sample pulse A is supplied to a non-inverting 
ampli?er 101 and to an inverting ampli?er 102 having the 
gains of +1/G (G is an optional constant) and —1/G to 
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generate the positive and negative levels smaller than in 
absolute value than the level to be caused by a light 
absorption difference. These levels and the level detected in 
response to the sample pulse A are supplied to tWo addition 
ampli?ers 103a and 103b having the gain “1” or the same 
gain, the outputs from the ampli?ers 103a and 103b being 
set to the comparators 104a and 104b as reference levels. 

[0077] A level detected in response to the sample pulse B 
is supplied to the comparators 104a and 104b Whose outputs 
are supplied to a NOR circuit 105. Only When the tWo 
outputs of the comparators 104a and 104b have the “loW” 
level, the current reduction signal takes the “high” level, and 
in other cases, it takes the “loW level”. This signal is delayed 
by a delay circuit 106 by a time corresponding to the sample 
pulse. If the current reduction signal takes the “high level”, 
the poWer applied to the recording medium is loWered, 
Whereas if it takes the “loW level”, the poWer is set to the 
initial value so that the poWer can be changed at the 
non-record area and at the record area. 

[0078] FIG. 11 shoWs the laser driver 14 for generating a 
record Waveform according to another embodiment of the 
invention. Although the fundamental operation is the same 
as the laser driver 14 shoWn in FIG. 4, the controller 19 sets 
beforehand the reference poWers and corrected poWers loW 
ered by the amount corresponding to light absorption for 
each record pulse train. The current reduction signal 
described With FIG. 10 is used for turning on and off the 
sWitches 110. If the current reduction signal takes the “loW 
level”, the sWitches 110 are opened so that the reference 
poWers APWl, APW2 and APe shoWn in FIG. 3A are output, 
Whereas if the current reduction signal takes the “high 
level”, the sWitches 110 are closed so that the corrected 
poWers APW1-6PW1, APW2-6PWs and APe-oPe are output 
Which are loWered by an amount corresponding to light 
absorption. Like parts to those shoWn in FIG. 4 are repre 
sented by using identical reference numerals, and the 
description thereof is omitted. 

[0079] With the above operations, the poWer can be cor 
rected at high speed With simpli?ed circuit structure. There 
fore, the reliability of data can be improved and data can be 
recorded at high transfer speed. 

[0080] A method of measuring beforehand light absorp 
tion factors according to an embodiment of the invention 
Will be described. Referring to FIG. 12A, a repetitive 
pattern of, for example, a mark length 4TW and a space 
length 4TW is recorded in a test area (an area excepting the 
data ?eld) of a recording medium at poWers of APWl, APW2 
and APe shoWn in FIG. 3A. This test area is in the 
non-record state and a record mark can be recorded correctly 
Without being affected by a light absorption factor. FIG. 12B 
shoWs a re?ection light obtained by applying a constant 
poWer APe (DC erase poWer) to the record marks and space. 
The solid line indicates the re?ection light With the record 
mark, and the broken line indicates the re?ection light 
Without the record mark. The level of the re?ection light is 
detected at each sample pulse shoWn in FIG. 12C. The 
record level detector is similar to that shoWn in FIG. 7. The 
measured level With the record mark is Ve and that Without 
the record mark is VW. The corrected poWers (oPe, 6PW1 
and 6PW2 are calculated from the reference poWers APe, 
APWl and APW2 as in the folloWing: 
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[0081] The corrected poWers loWered by the amount cor 
responding to light absorption used in FIG. 11 can be easily 
set as described above. If these levels are detected before the 
record operation, a variation of light absorption factors of 
recording media can be detected so that a compatibility 
betWeen recording media can be improved. 

[0082] In the above embodiments of the invention, a 
change in the re?ection light level is detected by using the 
erase poWer. This change can also be detected by using the 
record poWer to perform the above-described poWer correc 
tion method. It is therefore possible to detect the change in 
the re?ection light level by using both the erase and record 
poWers to correct the poWer. Namely, if at least one of the 
erase poWer Fe and record poWers PW1 and PW2 is cor 
rected, the change in the shape of the record mark can be 
suppressed. The more the change can be suppressed, the 
more the number of poWers to be corrected is increased. 

[0083] In the above embodiments, the poWer correction 
program shoWn in FIG. 8 is stored in the controller 19 to 
execute it. Instead, the program may be stored in a storage 
medium. When neW record marks are recorded in a record 

ing medium, i.e., When neW data is recorded, the program is 
read from the storage medium into the controller 19 to 
execute it. The controller 19 therefore has at least a storage 
device for storing the program and a processing unit for 
executing the program. 

[0084] The poWer correction method of the embodiment 
used When record marks are recorded, particularly When 
record marks are overWritten, can obviously be applied to 
both When data is Written in the center of the record mark 
and When data is Written along the boarder of the record 
mark. 

What is claimed is: 
1. An information recording/reproducing apparatus for 

recording information by applying light from an optical head 
to a record area of a recording medium and changing a state 
of the record area and for reading the information recorded 
in the record area, the apparatus comprising: 

a detector circuit for detecting a state of re?ection light 
from the recording medium; 

a control circuit for calculating a radiation poWer used for 
Writing the information in the recording medium, in 
accordance With the re?ection light state; 

a pulse generator circuit for generating record pulse 
information in accordance With the radiation poWer; 
and 

an optical driver circuit for converting the record pulse 
information into optical information in accordance With 
the radiation poWer and driving the optical head to 
record the light information into the recording medium. 

2. An information recording/reproducing apparatus 
according to claim 1, Wherein said control circuit calculates 
the radiation poWer by comparing a re?ection light amount 
in an n-th (n is a natural number) record area detected With 
said detector circuit With a re?ection light amount in an 
(n+1)-th record area detected With said detector circuit. 
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3. An information recording/reproducing apparatus 
according to claim 1, Wherein said control circuit calculates 
the radiation poWer by calculating a second re?ection light 
amount in an (n+1)-th record area detected With said detector 
circuit in accordance With a ?rst re?ection light amount in an 
n-th record area detected With said detector circuit and by 
comparing the ?rst and second re?ection light amounts. 

4. An information recording/reproducing apparatus 
according to claim 1, Wherein said control circuit calculates 
the radiation poWer by calculating a difference betWeen a 
re?ection light amount in an n-th record area detected With 
said detector circuit and a re?ection light amount in an 
(n+1)-th record area detected With said detector circuit, 
When the difference eXceeds a predetermined range. 

5. An information recording/reproducing apparatus 
according to claim 2, Wherein said control circuit controls 
said optical driver circuit so as to apply the calculated 
radiation poWer to an area of the recording medium except 
ing the record area With information already recorded. 

6. An information recording/reproducing apparatus 
according to claim 2, Wherein said detector circuit detects 
the re?ection light state in the record area With information 
already recorded, and said control circuit controls said 
optical driver circuit so as to record neW information in the 
record area With the information already recorded. 

7. An information recording/reproducing apparatus 
according to claim 1, Wherein said control circuit comprises: 

?rst means for setting initial values in response to a 
predetermined poWer correction start signal provided 
for correction of the radiation poWer: 

second means for checking a poWer correction period in 
response to a sample pulse generated in accordance 
With the re?ection light state of the record area; 

third means for measuring the re?ection light state during 
the poWer correction period; 

fourth means for calculating a correction value of the 
radiation poWer in accordance With each measured 
re?ection light state; and 

?fth means for converting the record pulse information 
into the light information in accordance With the cor 
rection value. 

8. An information recording/reproducing method of 
recording information by applying light from an optical head 
to a record area of a recording medium and changing a state 
of the record area and for reading the information recorded 
in the record area, the method comprising the steps of: 

(a) detecting a state of re?ection light from the recording 
medium; 

(b) calculating a radiation poWer used for Writing the 
information in the recording medium, in accordance 
With the re?ection light state; 

(c) generating record pulse information in accordance 
With the radiation poWer; and 

(d) converting the record pulse information into optical 
information in accordance With the radiation poWer and 
driving the optical head to record the light information 
into the recording medium. 

9. A method according to claim 8, Wherein said step (b) 
calculates the radiation poWer by comparing a re?ection 
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light amount in an n-th (n is a natural number) record area 
With a re?ection light amount in an (n+1)-th record area. 

10. Amethod according to claim 8, Wherein said step (b) 
calculates the radiation poWer by calculating a second 
re?ection light amount in an (n+1)-th record area in accor 
dance With a ?rst re?ection light amount in an n-th record 
area and by comparing the ?rst and second re?ection light 
amounts. 

11. A method according to claim 8, Wherein said step (b) 
calculates the radiation poWer by calculating a difference 
betWeen a re?ection light amount in an n-th record area and 
a re?ection light amount in an (n+1)-th record area, When the 
difference eXceeds a predetermined range. 

12. A method according to claim 8, Wherein said step (d) 
applies the calculated radiation poWer to an area of the 
recording medium excepting the record area With informa 
tion already recorded. 

13. A method according to claim 8, Wherein said step (a) 
detects the re?ection light state in the record area With 
information already recorded, and said step (d) records neW 
information in the record area With the information already 
recorded. 

14. Amethod according to claim 8, Wherein said step (b) 
comprises the steps of: 

(b1) setting initial values in response to a predetermined 
poWer correction start signal provided for correction of 
the radiation poWer: 

(b2) checking a poWer correction period in response to a 
sample pulse generated in accordance With the re?ec 
tion light state of the record area; 

(b3) measuring the re?ection light state during the poWer 
correction period; 

(b4) calculating a correction value of the radiation poWer 
in accordance With each measured re?ection light state; 
and 

(b5) converting the record pulse information into the light 
information in accordance With the correction value. 

15. A method according to claim 14, Wherein said step 
(b1) calculates the initial values of a ratio of a voltage 
measured at a predetermined record area to a predicted 
voltage at another record area, a corrected poWer of the 
radiation poWer, and a predetermined reference poWer. 

16. A method according to claim 14, Wherein said step 
(b4) calculates the correction values of: 

a voltage ratio Ks of a predetermined erase poWer APe for 
erasing information recorded in the record area, to a 
predicted voltage Vs for an i-th record area; 

an (i+1)-th predicted voltage (Vs)i+1 based on the voltage 
ratio Ks and the erase poWer APe for the i-th record 
area, and a voltage ratio (Km)i+1 of an (i+1)-th mea 
sured voltage (Vm)i+1 to the (i+1)-th predicted voltage 
(VS)i+1; 

correction poWers oPe, 6PW1 and 6PW2 for the (i+1)-th 
record area based on the voltage ratio (Km)i+1, the 
erase poWer APe, and predetermined reference poWers 
APWl and APWZ; and 

corrected poWers APei+1, APWli+1 and APWZi+1 for the 
(i+1)-th record area through addition of the correction 
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powers oPe, oPwl and 6Pw2 to the erase power APe 
and the predetermined reference powers APwl and 
APwZ, respectively. 

17. A method according to claim 14, wherein the correc 
tion powers oPe, oPwl and 6Pw2 are obtained by multiply 
ing the erase power APe, and predetermined reference 
powers APwl and APwZ by a ratio of a measured voltage Ve 
for the record area without information to a measured 
voltage Vw for the record area with information. 

18. A storage medium storing a program to be read and 
executed by a control circuit including at least a memory 
unit and a processor unit, the program comprising: 

a setting program for setting initial values in response to 
a predetermined power correction start signal provided 
for correction of the radiation power: 

a checking program for checking a power correction 
period in response to a sample pulse generated in 
accordance with the re?ection light state of the record 
area; and 

a correction value calculation program for measuring the 
re?ection light state during the power correction 
period, and calculating a correction value of the radia 
tion power in accordance with each measured re?ection 
light state. 

19. Astorage medium according to claim 18, wherein said 
correction value calculation program calculates the correc 
tion values of: 
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a voltage ratio Ks of a predetermined erase power APe for 
erasing information recorded in the record area, to a 
predicted voltage Vs for an i-th record area; 

an (i+1)-th predicted voltage (Vs)i+1 based on the voltage 
ratio Ks and the erase power APe for the i-th record 

area, and a voltage ratio (Km)i+of an (i+1)-th measured 
voltage (Vm)i+1 to the (i+1)-th predicted voltage (Vs)i+ 
1; 

correction powers oPe, oPwl and 6Pw2 for the (i+1)-th 
record area based on the voltage ratio (Km)i+1, the 
erase power APe, and predetermined reference powers 
APwl and APwZ; and 

corrected powers APei+1APw1i+1 and APwZi+1 for the 
(i+1)-th record area through addition of the correction 
powers oPe, oPwl and 6Pw2 to the erase power APe 
and the predetermined reference powers APwl and 
APwZ, respectively. 

20. A storage medium according to claim 19, wherein the 
correction powers oPe, oPwl and 6Pw2 are obtained by 
multiplying the erase power APe, and predetermined refer 
ence powers APwl and APwZ by a ratio of a measured 
voltage Ve for the record area without information to a 
measured voltage Vw for the record area with information. 


