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2 0 MAY 2003 i~ The present invention relates to a laser control apparatus,
more particularly, an apparatus which carries out power control of a
semiconductor laser employed for an optical recording/reproducing
apparatus, and can control the optical power stably even when an output
light is modulated at high speed at the high-speed recording. BACKGROUND
ART A semiconductor laser is generally employed as an optical pick up and
the like in an optical recording/reproducing apparatus such as a CD player,
a writable CD-R drive, an erasable CD-RW drive and the like. The power of a
semiconductor laser varies greatly in accordance with a temperature change
or changes with passage of time(lifetime)) and therefore, it is necessary
to carry out power control for stabilizing the power when employing a
semiconductor laser as a light source in an apparatus for performing
recording/reproduction into/from an optical recording medium such as an
optical disk and the like. Such prior art semiconductor laser power control
apparatus   . ,, 2 2 0 MAY 2003 is disclosed in Japanese Published Patent
Application No.Hei.1204224 in detail. Figure 9 is a block diagram for
illustrating a prior art semiconductor laser power control apparatus. In
figure, numeral 10 denotes a semiconductor laser for radiating laser light
to an optical disk; numeral 1 denotes a photodiode for receiving the
irradiation light of the semiconductor laser 10; numeral 2 denotes a
monitor circuit for monitoring the output of the photodiode 1; numeral 20
denotes a bottom hold circuit for holding a bottom level of the output from
the monitor circuit 2; numeral 21 denotes a sample-hold circuit for
sampleholding the output from the monitor circuit 2; numeral 22 denotes a
peak hold circuit for holding a peak level of the output from the monitor
circuit 2; numeral 19 denotes a control circuit for outputting a first, a
second and a third digital signals corresponding to a bias reference
voltage, an erase power reference voltage and a peak power reference
voltage, respectively; numeral 26 denotes a D/A converter for converting
the first digital signal outputted by the control circuit 19 to a bias
reference voltage; numeral 27 denotes a D/A converter for converting the
second digital signal outputted by the control circuit 19 to an erase
reference voltage; numeral 28 denotes a D/A converter for converting the
third digital signal outputted by the control circuit 19 to a peak power
reference voltage; numeral 23 denotes a servo amplifier for comparing the  



1 3 2 0 MAY 2003 bias reference voltage outputted by the D/A converter 26
with the bottom level which is held in the bottom hold circuit 20 to
amplify the error; numeral 24 denotes a servo amplifier for comparing the
erase reference voltage outputted by the D/A converter 27 with a
sample-hold level which is held in the sample-hold circuit 21 to amplify
the error; numeral 25 denotes a servo amplifier for comparing the peak
power reference voltage outputted by the D/A converter 28 with the peak
hold level which is held in the peak hold circuit 22 to amplify the error;
numerals 7,8 and 9 denote current sources for generating the currents
corresponding to the outputs of the servo amplifiers 23,24 and 25,
respectively; numeral 11 denotes a switch means for disconnecting the
current source 8 with the semiconductor laser 10 in accordance With data
EFM1; numeral 12 denotes a switch means for disconnecting the current
source 9 with the semiconductor laser 10 in accordance with data EFM2.
Next, the operation will be described. A portion of the output light from
the semiconductor laser 10 is received by the photodiode 1 and the
generated photoelectric current is converted to a voltage in the monitor
circuit 2. At reproduction from the optical disk, the reproduction power
reference voltage VR which is outputted by the D/A (Read/Bias) converter 26
serving as a reference voltage source and a voltage which is obtained by
the bottom hold circuit 20 by sample-holding the output of the monitor
circuit 2 are    2 0 MAY 2003 4 compared by the servo amplifier 23 and a
current is passed through the semiconductor laser 10 by the current source
7 which is controlled by the comparison result of servo amplifier 23 so
that a reproduction power PR corresponding to the reproduction power
reference voltage VR is constantly outputted. At recording into an optical
disk, as shown in figure 2, the power of the semiconductor laser 10 is
modulated into the three values of bias power PB, erase power Pica, and
peak power PP, thereby recording is performed into the optical disk. Then,
a 



portion of the output light from the semiconductor laser 10 is received by
the photodiode 1) and a signal corresponding to the optical output is
outputted from the monitor circuit 2. The signal from the monitor circuit 2
is held by the bottom hold circuit 20,the sample-hold circuit 21, and the
peak hold circuit 22 respectively, and the bottom level, the erase level
and the peak level of the optical output are detected respectively.
Initially) the bias power PB can be obtained by switching the output of the
D/A (Read/ Bias) converter 26 serving as a reference voltage source in c
figure 9 to switch over from the VR to the bias power reference voltage VB
corresponding to the bias power PB. The bias power reference voltage VB and
the voltage which is held in the bottom hold circuit 20 are compared by the
servo amplifier 23, and a current is passed through the semiconductor laser
10 by the current source 7 which is controlled by the comparison result   2
0 MAY 2003 s of servo amplifier 23 so that the bias power PB corresponding
to the bias power reference voltage VB is constantly outputted. Next, the
erase power PE is obtained by comparing the erase power reference voltage
VE outputted by the D/A (Erase) converter 27 serving as a reference voltage
source and the output from the sample-hold circuit 21 by the servo
amplifier 24 and by passing an erase power current through the
semiconductor laser 10 with the erase power current superposed on the bias
power current by the current source 8 which is controlled by the comparison
result of servo amplifier 24. Further, the peak power PP is obtained by
comparing the peak power reference voltage VP outputted by the D/A (Peak)
converter 28 serving as a reference voltage source and the output 



from the peak hold circuit 22 by the servo amplifier 25 laser 10 with the
peak ~ power current further superposed on the erase power current by the
current source 9 which is controlled by the comparison result of servo
amplifier 25. Meanwhile, the erase power PE and the peak power PP are
turned on and off by the switch means 11 and 12 which are switched by data
EFM 1 and EFM2, respectively, and therefore the power of the semiconductor
laser is modulated between the bias power PB, the erase power PE and the
peak power PP. As shown in figure 3, the interval at which the modulation
is performed between the bias power PB and the peak power PP is the
interval    s 2 0 MAY 2003 at which pits are formed on the track, and when
the switch means 11 and 12 are in the state of on and off, respectively,
the intervals at which the value of the erase power PE is maintained are
the intervals where the space between pits are erased and spaces are
formed. The three power values (the value of the bias power PB, the value
of the erase power PE, and the value of the peak power PP) can obtain the
desired power values by changing the respective reference voltages of D/A
converters 26, 27 and 28 serving as the reference voltage sources. The
conventional semiconductor laser power control apparatus is constructed as
above, and it can perform such a control that the powers of peak and bottom
of the semiconductor laser should be predetermined by detecting the powers
of peak and bottom of the semiconductor laser. By the way, in a CD-R drive,
a CD-RW drive or the like, the recording of data into an optical disk is
performed at high speed by such as so-called double-speed recording which
performs recording of data at an average rotation speed which amounts to N
times (N is an integer of 2 or above) of the reproduction rotation speed of
a music CD player as a reference, thereby, it ~.s necessary to increase the
modulation speed of the laser to a higher one, and for controlling the
laser power at such high-speed modulation, the conventional construction
requires to detect the bias power PB, the erase power PE, and   1 1  2 0
MAY 2003 the peak power PP, respectively, and therefore a monitor circuit,
a bottom hold circuit, and a peak hold circuit which can perform high-speed
responses are required, thereby resulting in an increase in costs. 



That is, even when the laser is modulated at high speed and the high speed
modulated light is incident on a monitor photodiode, if a photodiode and a
monitor circuit having low response speeds are used, delays or unsharpening
of signals would be generated therein and unsharpening of a monitor output
signal would also occur, and therefore, as shown in figure 3, the optical
output waveform cannot be correctly reflected on the monitor output and
even if an output signal of the monitor circuit has become of high speed,
as the signal becomes of higher speed, the detection efficiency of the
bottom hold circuit and the peak hold circuit are lowered, thereby making
it difficult that the peak output level and the bias output level should be
detected correctly. In addition, in order to avoid these problems, it is
required for a monitor circuit, a bottom hold circuit, and a peak hold
circuit to have the capability of high-speed response, thereby resulting in
an increase in costs. The present invention is made to solve the
above-mentioned problems and has for its object to provide a laser control
apparatus which can perform a stable power control even at a high-speed
modulation even though employing a monitor   2 0 MAY Z003 8 photodiode and
a monitor circuit which operate at a relatively low speed. DISCLOSURE OF
INVENTION According to Claim 1 of the present invention, there is provided
a laser control apparatus which controls a power of a semiconductor laser
in an optical recording/reproducing apparatus for performing
recording/reproduction into/from an optical recording medium by a
semiconductor laser) comprising: a reproduction power monitor means for
monitoring an output of the semiconductor laser at reproduction just before
recording; a bias power setting means for setting a bias power which is a
minimum power outputted by the semiconductor laser at recording of pits
into the optical recording medium, to a semiconductor laser driving means
on the basis of a monitor value of the reproduction power monitor means; an
erase power monitor means for monitoring an erase power which is a power
outputted by the semiconductor laser at erasing between pits of the optical
recording medium by sample-holding; an erase power setting means for
setting the erase power to the semiconductor laser driving means on the
basis of a monitor value of the erase power monitor means; and a peak power
setting means for setting a peak power which is a maximum power outputted
by the semiconductor laser at recording of pits into the optical disk to
the semiconductor laser driving means, by operating a   2 0 MAY 2003 



9 monitor value of the erase power monitor means. According to Claim 1 of
the present invention, the laser control apparatus is constructed as above,
and therefore detects a power at reproduction just before recording and
operates a bias power, and) as for an erase power, detects the power by a
sample-hold and operates a peak power on the basis of the detected value of
the erase power, and even if a low speed monitor photodiode and a low speed
r monitor circuit are employed, since the time when the erase power is
being outputted is relatively long, the erase power can be correctly
detected by the sample-hold and therefore the stable power control can be
realized even at the high-speed modulation. As described above, since the
time when an erase power is being outputted is relatively long, the erase
power can be detected correctly by a sample-hold, and by utilizing this, a
laser control apparatus can realize the power control stably even at the
highspeed modulation, even when a low speed monitor photodiode and a low
speed monitor circuit are employed. According to Claim 2 of the present
invention, there is provided a laser control apparatus which controls a
power of a semiconductor laser in an optical recording/ reproducing
apparatus for performing recording/reproduction into/from an optical disk
by a semiconductor laser, comprising: a photodiode for detecting a light of
the semiconductor laser; a current/voltage conversion means for converting
a current of the photodiode to a voltage    io 2 0 MAY 2003 and outputting
the voltage; a reference voltage source for deciding a reproduction power
of the semiconductor laser; an error detection means for detecting an error
between the voltage outputted by the current/voltage conversion means and
the reference voltage; a current source for passing a current through the
semiconductor laser; a reproduction power control system for connecting an
output of the error detection means to the current source, and controlling
the reproduction power of the semiconductor laser; a bias current setting
means for deciding a bias current to be passed through the semiconductor
laser; a switch means for selectively switching between an output of the
error detection means and an output of the bias current setting means, and
at the reproduction, connecting an output of the error detection means to
the current source to form the reproduction power control system and, at
the recording, connecting an output of the bias current setting 



means, instead of the output of the error detection means, to the current
source; a sample-hold means for sample-holding the output voltage of the
current/voltage conversion means at the recording; an erase current setting
means for deciding an erase current to be passed through the semiconductor
laser; a peak current setting means for deciding a peak current to be
passed through the semiconductor laser; and an operation means for
operating set values of the erase current setting means and the peak
current setting means on the basis of an output value of   2 0 MAY 2003 m
the sample-hold means. According to Claim 2 of the present invention, the
laser control apparatus is constructed as above, and therefore controls a
bias power with using an automatic power control (Automatic Power Control0;
hereinafter, referred to as APC) value at reproduction just before
recording) and, as for an erase power, detects the power by the sample-hold
and subjects the power to APC directly, and controls a peak power on the
basis of the control value of the erase power) and, even when a low speed
monitor photodiode and a low speed monitor circuit are employed, since the
time when the erase power is being ,outputted is relatively long, the erase
power can be correctly detected by the sample-hold) and therefore the power
control can be realized stably even at the high-speed modulation. As
described above, a bias power is controlled by using an APC control value
at the reproduction just before recording, an erase power is controlled by
the power being detected by the , sample-hold, t and a peak power is
controlled on the basis of the control value of the erase power, and
thereby a laser control apparatus which can realize power control stably
even at the high-speed modulation can be provided even when a low speed
monitor photodiode and a low speed monitor circuit are employed. According
to Claim 3 of the present invention, there is provided a laser control
apparatus which controls a power of a semiconductor laser in an optical
recording/reproducing apparatus for  



2 0 MAY 2003 12 performing recording/reproduction into/from an optical
recording medium by a semiconductor laser, comprising: a semiconductor
laser power monitor means for monitoring an output of the semiconductor
laser; an output error detection means for detecting an error between an
output power reference value which is to be outputted by the semiconductor
laser at reproduction just before recording and an actual output power
value at the reproduction, which value is detected by the semiconductor
laser power monitor means; a semiconductor laser power control means for
setting an output power target value to a semiconductor laser driving means
on the basis of a detected result of the output error detection means; and
an output power target value correction means for correcting the output
power target value on the basis of a monitor value of an output of the
semiconductor laser driving means after the output power target value is
set. According to Claim 3 of the present invention, the laser control
apparatus is constructed as above. Thereby) it obtains an error between an
actual output and an output reference value of a semiconductor laser when
the state is changed from the reproduction state into the recording state,
and sets, in accordance with the error, an output power target value to the
semiconductor laser driving means, and monitors the output of the
semiconductor laser driving means so as to correct the output power target
value. Therefore, it is possible to set a   2 0 MqY 2003 la bias power
appropriately in accordance with a reproduction power as a reference. As
describe above, the laser control apparatus which can appropriately set a
bias power in accordance with a reproduction power as a reference can be
obtained. According to Claim 4 of the present invention, there is provided
a laser control apparatus which controls a power of a semiconductor laser
in an optical recording/reproducing apparatus for performing
recording/reproduction into/from an optical disk by a semiconductor laser,
comprising: a photodiode for detecting a light of the semiconductor laser;
a current/voltage conversion circuit for converting a current of the
photodiode to a voltage, and outputting the voltage; a reference voltage
source for deciding a reproduction power of the semiconductor laser; an
error amplifier for amplifying a difference between the voltage outputted
by the current/voltage conversion circuit and the reference voltage; a
current source for passing a current through the semiconductor laser; a
reproduction power control system for connecting an output of the error
amplifier to the current source, to control the reproduction power; a D/A
conversion circuit for deciding a current to be passed through the
semiconductor laser; a switch means for selectively switching between an
output of the error amplifier and 



an output of the D/A conversion circuit, to make a control signal of the
current source; and an D/A conversion circuit for   2 0 MAY 2003 m
selecting one of an output voltage of the error amplifier and an output
voltage of the D/A conversion circuit, and subjecting the voltages to
digital conversion, in which a digital value of the D/A conversion circuit
is decided on the basis of a digital value of the A/D conversion circuit,
and at the recording, the output of the error amplifier is switched over to
the output of the D/A conversion circuit and the current of the current
source is controlled. According to Claim 4 of the present invention, the
laser control apparatus comprises: a reproduction power APC system for
controlling the reproduction power to make the power constant at the
reproduction; an A/D converter for detecting a current control voltage at
reproduction; a D/A converter for controlling a bias current at the
recording; a switch circuit for switching the control to switch over from a
reproduction power APC system to D/A converter at the recording; and an
operation circuit for operating the D/A value on the basis of the A/D
conversion value, and makes a bias current value controlling a bias power
equal to a reproduction current value controlling a reproduction power and
can set the bias power to be equal to the reproduction power. As described
above) a laser control apparatus which can make a bias current value
controlling a bias power equal to a reproduction current value controlling
a reproduction power by detecting a reproduction current value and a bias
power current   2 0 MAY 2Q43 is value, and can set the bias power to be
equal to the reproduction power, can be obtained. According to Claim 5 of
the present invention, there is provided a laser control apparatus which
controls a power of a semiconductor laser in an optical recording/
reproducing apparatus for performing recording/reproduction into/from an
optical disk by a semiconductor laser, comprising: a photodiode for {-
detecting a light of the semiconductor laser; a current/voltage conversion
circuit for converting a current of the photodiode to a voltage, and
outputting the voltage; a reference voltage source for deciding a
reproduction power of the semiconductor laser; an error amplifier for
amplifying a difference between the output voltage of the current/voltage
conversion circuit and the reference voltage; a current source for passing
a current through the semiconductor laser; a D/a conversion circuit for
deciding a current to be passed through the semiconductor laser; a switch
means for selectively r switching a control signal of the current source to
switch between an output of the error amplifier and an output of the D/A 



conversion circuit; an A/D conversion circuit for subjecting an analog
signal outputted from the current/voltage conversion circuit to digital
conversion, and outputting the converted signal; and an operation circuit
for, in a period during which recording is not performed) outputting a
digital signal to the D/A conversion circuit, reading changes in the output
signal of the   2 0 MAY ~01~3 16 A/ D conversion circuit, obtaining a
change amount in power in response to a change amount in the current of the
semiconductor laser, and at the recording, outputting the digital signal
value obtained above to the D/A conversion circuit. According to Claim 5 of
the present invention, the laser control apparatus comprises: a
reproduction power APC system for controlling a reproduction power to make
the power constant at the reproduction; an A/ D converter for detecting a
current control voltage at the reproduction; a D/A converter for
controlling a bias current at the recording; a switch circuit for switching
the control to switch over from the reproduction power APC system to the
D/A converter at the recording; and an operation circuit for operating the
D/A value on the basis of the A/D conversion value, and decides a bias
current value to control , a bias power with using a reproduction current
value to control a reproduction power and can set the bias power freely. As
described above) a laser control apparatus which can obtain a bias power
corresponding to a bias power current value previously, and can set the
bias power freely, can be provided. According to Claim 6 of the present
invention, there is provided a laser control apparatus which controls a
power of a semiconductor laser in an optical recording/reproducing
apparatus for performing recording/reproduction into/from an optical disk
by a semiconductor 



laser, comprising: a photodiode for detecting a light of the semiconductor
laser; a current/voltage conversion   2 0 MAY 2003 17 circuit for
converting a current of the photodiode into a voltage, and outputting the
voltage; a reference voltage source for deciding a reproduction power of
the semiconductor laser; an error amplifier for amplifying a difference
between the output voltage of the current/voltage conversion circuit and
the reference voltage; a current source for passing a current through the
semiconductor laser; a reproduction power control system for connecting an
output of the error amplifier to the current source) and controlling the
reproduction power; a D/A conversion circuit for deciding a current to be
passed through the semiconductor laser; a switch means for selectively
switching between the output of the error amplifier and an output of the
D/A conversion circuit) to make a control signal of the current source; an
A/D conversion circuit for subjecting the output of the error amplifier to
digital conversion; and an operation circuit for, in a period during which
recording is not performed, outputting a digital signal to the D/A
conversion circuit, reading changes in an output signal of the A/D
conversion circuit, obtaining a change amount in power in respect to a
change amount in the current of the semiconductor laser, and at the
recording, outputting a digital signal value obtained in the period during
which the recording is not performed, to the D/A conversion circuit.
According to Claim 6 of the present invention, the laser control apparatus
takes a correction between an A/D converter   ~ 0 MAY 2443 1s detecting a
current control voltage at the reproduction and D/A converter controlling a
bias current at the recording, and even when full scales are different or
offsets are present between the A/ D converter and the D/A converter, the
bias power can be set highly precisely. As described above, a laser control
apparatus which) by taking a correction between an A/ d converter detecting
a current control voltage at the reproduction and a D/A converter
controlling a bias current at the recording, can set a bias power highly
precisely even when full scales are different or offset are present between
the A/D converter and the D/A converter) can be provided. According to
Claim ? of the present invention, there is provided a laser control
apparatus which controls a power of a semiconductor laser in an optical
recording/reproducing apparatus for performing recording/reproduction
into/from an optical recording medium by a semiconductor laser, comprising:
a semiconductor laser power monitor means for monitoring an output of the
semiconductor laser; an output error detection means for detecting an error
between an 



output power reference value to be outputted by the semiconductor laser at
reproduction just before recording and an actual output power value at the
reproduction, which value is detected by the semiconductor laser power
monitor means; a semiconductor laser power control means for setting an
output power target value to   f 2 0 MAY 2003 19 a semiconductor laser
driving means on the basis of the detected result of the output error
detection means; a switch means for making a state between the
semiconductor laser power monitor means and the output error detection
means OFF at the recording, and making the state ON at the reproduction;
and an output error setting means for setting the output of the output
error detection means so as to be equal to the output power reference value
at the recording. According to Claim ? of the present invention, the laser
control apparatus is constructed as above. Thereby, it obtains an error
between an actual output and an output reference value of the semiconductor
laser when the state is changed from the reproduction state into the
recording state, and) when an output power target value is set to the
semiconductor laser driving means in accordance with the error, it sets the
output error to be equal to the output power reference value without
transmitting the monitor result of the semiconductor laser power monitor
means to the output error detection means at the recording. Therefore, it
is possible to avoid a transient response at switching from the recording
state to the reproduction state. As described above, a laser control
apparatus which can avoid transient response when the state is switched
from the recording state to the reproduction state, can be obtained.
According to Claim 8 of the present invention, there is   2 0 MAY 2003 20
provided a laser control apparatus which controls a power of a
semiconductor laser in an optical recording/ reproducing apparatus for
performing recording/reproduction into/from an optical disk by a
semiconductor laser, comprising: a photodiode for detecting a light of the
semiconductor laser; a current/voltage conversion circuit for converting a
current of the photodiode to a voltage, and outputting the voltage; a
reference voltage source for deciding a reproduction power of the
semiconductor laser; an error amplifier for amplifying a difference between
the output voltage of the current/voltage conversion circuit and the
reference voltage; a current source for passing a current through the
semiconductor laser; a reproduction power control system for connecting an 



output of the error amplifier to the current source, and controlling the
reproduction power; a D/A conversion circuit for deciding a current to be
passed through the semiconductor laser; a switch means for selectively
switching a control signal of the current source to switch between the
output of the error amplifier and an output of the D/A conversion circuit;
and a switch means for cutting off an input from the current/voltage
conversion circuit into the error amplifier, in which at the recording,
switching from the output of the error amplifier to the output of the D/A
conversion circuit is performed to control the current of the current
source, as well as the input from the current/voltage conversion circuit
into the error amplifier is cut off, and at   2 0 MAY 2003 21 the
reproduction, switching from the output of the D/A conversion circuit to
the output of the error amplifier is performed to control the current of
the current source, as well as the output of the current/voltage conversion
circuit is connected to the input to the error amplifier, and the voltages
of the reference voltage source, which decide the reproduction power, have
different values at the recording and at the reproduction and, when
switching from recording to reproduction is performed, the voltage of the
reference voltage source is changed passing through at least one
intermediate value. According to Claim 8 of the present invention, a laser
control apparatus which, being provided with a means for cutting off an
input to a servo amplifier from a monitor circuit at the recording, and a
means which can change a reference voltage of reproduction APC at switching
from the recording state to the reproducing state, changes the reference
voltage of the reproduction APC successively when the recording is switched
to the reproducing, thereby to avoid the occurrence of an unusual output
light according to transient response of the reproduction APC. As described
above, a laser control apparatus which, when the recording is switched to
the reproducing, can change a reference voltage of reproduction APC
successively, thereby to avoid the occurrence of an unusual output light
according to transient response of the reproduction APC, can be provided.
2 0 MaY 2ao3 22 BRIEF DESCRIPTION OF DRAWINGS Figure 1 is a block diagram
of a laser control apparatus according to a first embodiment of the present
invention. Figure 2 is a diagram for explaining a relation between a
current and an optical output of a laser. Figures 3 are diagrams for
explaining the operation of the 



laser control apparatus according to the first embodiment of the present
invention. Figure 4 is a block diagram of a laser control apparatus
according to a second embodiment of the present invention. Figures 5 are
diagrams for explaining the power control according to the laser control
apparatus according to the second embodiment of the present invention.
Figure 6 is a block diagram of a laser control apparatus according to a
third embodiment of the present invention. Figures 7 are diagrams for
explaining the power control according to the laser control apparatus
according to the third embodiment of the present invention. Figure 8 is a
diagram for explaining the power control according to the laser control
apparatus according to the third embodiment of the present invention.
Figure 9 is a block diagram of a conventional laser control circuit.   2 0
MAY 2403 23 BEST MODE TO EXECUTE THE INVENTION (Embodiment 1) Hereinafter,
a laser control apparatus according to embodiments of the present invention
will be described. This first embodiment corresponds to the inventions as
described in Claim 1 and Claim 2 of the present invention and a bottom
power is controlled by using an APC value at the reproduction just before
recording and, as for an erase power, since its period is relatively long,
the power is detected by a sample-hold to be directly subjected to the APC
control and a peak power is controlled on the basis of the control value of
the erase power. Figure 1 illustrates a laser control apparatus according
to the first embodiment of the present invention. In figure 1, numeral 10
denotes a semiconductor laser for radiating laser 



light to an optical disk; numeral 1 denotes a photodiode for receiving the
irradiation light of the semiconductor laser 10; numeral 2 denotes a
monitor circuit (a current/voltage conversion means) a current/voltage
conversion circuit) for monitoring the output of the photodiode 1; numeral
4 denotes a sample-hold circuit (a sample-hold means) for sample-holding
the output of the monitor circuit 2; numeral 17 denotes an A/D converter
(an A/D conversion circuit) for subjecting the output of the sample-hold
circuit 4 or the output of the servo amplifier 5 to be described later to
A/D conversion; numeral 3   .a o ~~.~ ~~ 24 denotes an operation circuit
(an operation means) for operating the output of the A/D converter 17;
numeral 6 denotes a D/A converter (a reference voltage source) for
subjecting the output of the operation circuit 3 to D/A conversion; numeral
5 denotes a servo amplifier (an error detection means, an error amplifier)
for comparing the output of the D/A converter 6 with the output of the
monitor circuit 2 to amplify the error; numeral 14 denotes a D/A converter
(a bias current setting means) for subjecting the output of the operation
circuit 3 to D/A conversion; numeral 13 denotes a switch means (a switching
means) for switching between the output of the servo amplifier 5 and the
output of the D/A converter 14; numeral 7 denotes a current source which is
controlled by the output of the switch means 13; numeral 15 denotes a D/A
converter (an erase current setting means) for subjecting the output of the
operatipn circuit 3 to D/A conversion; numeral 16 denotes a D/A converter
(a peak current setting means) for subjecting the output of the operation
circuit 3 to D/A conversion; numerals 8 and 9 denote current sources which
are controlled by the outputs of the D/A converters 15 and 16; numerals 11
denotes a switch means for disconnecting the current source 8 with the
semiconductor laser 10; and numeral 12 denotes a switch means for
disconnecting the current source 9 with the semiconductor laser 10.
Further, a reproduction power control system which stabilizes the output of
the semiconductor laser 10 constant at   ~ ~ MAY 2003 25 the reproduction
for making the output constant is constructed by: the semiconductor laser
10; the photodiode 1; the monitor circuit 2; the servo amplifier 5; the D/A
converter 6; the operation circuit 3; the switch means 13; and the current
source 7. In addition, the reproduction power monitor means 100 which
monitors the output of the semiconductor laser at the reproduction just
before recording is constructed by: the photodiode 1; the monitor circuit
2; the servo amplifier 5; the D/A converter 6; the operation circuit 3, and
the A/D converter 17. Further, the bias power setting means 200 which sets
a 



bias power which is the minimum power outputted by the semiconductor laser
at the recording of pits into an optical recording medium to a
semiconductor laser driving means on the basis of the monitor value of the
reproduction power monitor means 100, the erase power setting means 400
which sets an erase power to the semiconductor laser driving means on the
basis of the monitor value of the erase power monitor means 300, and the
peak power setting means 500 which, with operating the monitor value of the
erase power monitor means 300, sets a peak power which is the maximum power
outputted by the semiconductor laser at the recording of pits into an
optical recording medium to the semiconductor laser driving means 600 are
constructed by the operation circuit 3.   2 '0 MAY 2003 26 In addition, the
erase power monitor means 300 which monitors, by a sample-hold, an erase
power which is a power outputted by the semiconductor laser at erasing of
the optical recording medium between pits is constructed by the monitor
circuit 2, the sample-hold circuit 4, and the A/D converter 17. Further, a
semiconductor laser driving means 600 which drives the semiconductor laser
10 is constructed by: the D/A converter 14; the switch means 13; the
current source 7; the D/A converter 15; the current source 8; the switch
means 11; the D/A converter 16; the current source 9; and the switch means
12. Next, the operation will be described. The portion of the output light
from the semiconductor laser 10 is received by the photodiode 1 and the
generated photoelectric current is .converted to a voltage in the monitor
circuit 2. When a reproduction from an optical disk is performed, a
reproduction power reference voltage VR which is set by the operation
circuit 3 and outputted from the D/A (Read) converter 6 and the voltage
from the monitor circuit 2 are compared by the servo amplifier 5, and
thereby a reproduction current control signal is outputted. A switch means
13 is switched by a WGATE signal showing a state of recording/reproduction,
and at the reproduction from an optical disk. the reproduction current
control signal is supplied to the current source 7, and the current source
7 flows a current through the semiconductor   2 0. MAY 2003 27 laser 10 so
that a reproduction power PR corresponding to a reproduction power
reference voltage VR is constantly outputted. On the other hand, at the
recording into an optical disk, the power of the semiconductor laser 10, as
shown in figure 2, are modulated into three values of bias power PB, erase
power PE and peak power PP to be incident on the optical disk. The bias
power PB is controlled only by a bias power current Ib, the erase power PE
is controlled by the value obtained by adding the bias power current Ib and
the erase power current Ie, and the peak PP is controlled by the value
obtained by adding the bias power current Ib, the erase power current Ie
and the peak power current Ip, respectively. The modulation of the
semiconductor laser 10 is 



performed by turning on or off an addition of the erase power current Ie to
the bias power current Ib by the switch means 11 which is switch by data
EFM1, and also performed by turning on or off a further addition of the
peak power current Ip, by the F switch means 12 which is switched by data
EFM2. By the switch means 13 which is switched by the WGATE signal showing
a state of recording/ reproduction, at the recording, the output of the D /
A (Ib) converter 14 is supplied to the current source 7 to control the bias
power current Ib. The erase power current Ie is supplied by the current
source 8 which is controlled by the D / A (Ie) converter 15. The peak power
current Ip is supplied by the current source 9 which is   2_ 0 MAY 2003 28
controlled by the D/A (Ip) converter 16. At the recording) the
semiconductor laser 10 is modulated, and the signal corresponding to the
optical output is outputted from the monitor circuit 2 and the erase levels
are detected by the sample-hold circuit 4 and the A/D converter 17. Figures
3 show aspects of the optical output waveform of the semiconductor laser
10, the output waveform of the monitor circuit 2 and the waveform of
sample-hold control signal. At the intervals at which pits are formed in an
optical disk, by data EFM1 and EFM2, the semiconductor laser is modulated
with a pulse shape Which oscillates between a peak power and a bias power
at rather short intervals of time. On the other hand, a constant erase
power PE is outputted to erase a pit in a space interval between pits.
4~hile the laser is modulated at high speed and the optical output waveform
is made a high-speed square-wave, delays and unsharpeni,ng of signals occur
in the photodiode 1 and the monitor circuit 2, thereby the output waveform
of monitor circuit 2 includes unsharpening, the waveform does not reach the
levels of the peak power and the bottom power. At the interval where pits
are formed, thereby the optical output waveform cannot be reflected
correctly. At the interval where the erasing is performed, because it is
temporally long, the waveform reaches the level of the erase power even
when the unsharpening occurs in the output waveform of the monitor circuit
2. And accordingly, as shown in figure   2 0 MAY 2003 29 3, a sample-hold
control signal ESPM which rises at the point when a predetermined time
passes after the monitor output waveform becomes constant and falls at the
point when the waveform becomes larger than the constant level, is
generated, and the level of the erase power PE can be detected by
performing a sample-hold employing the signal. The sample-hold level of the
erase power is converted to a digital value by the A/D converter 17 and the
operation circuit 3 performs the process of operation on the digital value.
The operation circuit 3 sets the digital values respectively to the D/A
(Ie) converter 14, the D/A (Ip) converter 15 and the D/A (Ib) converter 16,
and therefore sets the bias power current Ib, the erase power current Ie
and the peak power current Ip, thereby to control the bias power PB, the
erase power PE and the peak power PP. The D/A (Ib) converter 14, the
D/A(Ie) converter 15, and the D/A (Ip) converter 16 are controlled as
follows. Initially, just before entering the recording state, the operation
of seeking (random-accessing) a pickup containing a semiconductor laser
therein is performed, and the operation circuit 3 detects, by the A/D
converter 17, the output of the servo amplifier 5 by the reproducing
operation at the time when the seeking operatipn completed, and sets the
D/A (Ib) converter 14 to have the same output voltage as the detected one.
Thereby the bias power PB is set. In addition, the operation circuit 3
detects   2 0 MAY 2003 



30 the level of the erase power PE outputted from the sample-hold circuit 4
by the A/D converter 17 and increases/decreases the output of the D/A (Ie)
converter 15 so as to obtain the predetermined erase power PE. For example)
as shown in figure 2, in case that it is desired to set the peak power to
be twice the power of the erase power, when the same value as that of the
D/A (Ie) converter 15 is set to the D/A (Ip) converter 16) Ip is equal to
Ie, and accordingly PP = 2 X PE is obtained. More strictly, PB is not zero
and the erase power current Ie with respect to the set value of the D/A
(Ie) converter 15 is not generally equal to the peak power current Ip with
respect to the set value of the D/a (Ip) converter 16) and therefore the
set value of the D/A (Ip) converter 16 can be obtained according to the
following operation. That is, as shown in figure 2, the erase power current
Ie is a current required for increasing the power only from the bias power
PB to the erase power PE and the peak power current Ip is a current
required for increasing the power only from the erase power PE to the peak
power PP, and therefore, Ie : Ip = (PE - PE) : (PP - PE) Ip = (PP - PE) /
(PE - PB) X Ie that is, the value which is (PP - PE) / (PE - PB) times the
value of Ie can be calculated to be set to the D/A (Ip) converter 16. By
performing such control, a peak hold and a bottom hold are not required,
and it is not necessary to use the high   2 0 MAY 2003 31 priced parts
which enable high-speed operation for the monitor photodiode 1 and the
monitor circuit 2. In addition, in case that the recording speed is
increased and the modulation speed of the laser is increased, the peak
power PP, the erase power PE, and the bias power PB can be controlled into
the predetermined powers. (Embodiment 2) ( Next, a second embodiment will
be described with reference to figure 4. For the same structures as those
of the abovementioned first embodiment, the same numerals are used. 



This second embodiment corresponds to the inventions as described in Claims
3,4,5 and 6 of the present invention, and it is possible to set the bias
power to be equal to the reproduction power and to set the bias power
freely or highly precisely. Figure 4 shows a laser control apparatus
according to the second embodiment of the present invention. In figure 4,
the same numerals as those of figure 1 show sections equal to or
corresponding to those of figure 1. The semiconductor laser power monitor
means 700 which monitors the output of the semiconductor laser 10 is
constructed by the photodiode 1 and the monitor circuit 2. In addition, the
output error detection means 800 which detects the error between the output
power reference value which is to be outputted by the semiconductor laser
at the   2 0 MAY 2003 32 reproduction just before recording and the actual
output power value at the reproduction, which value is detected by the
semiconductor laser power monitor means 700 is constructed by the operation
circuit 3, the D/A converter 6, the servo amplifier 5 and the A/D converter
17. Further, the semiconductor laser power control means 900 which sets an
output power target value to the semiconductor laser driving means 600 on
the basis of the detected result of the output error detection means 800 is
constructed by the operation circuit 3. Further, the output power target
value correction means 1000 which corrects an output power target value on
the basis of the monitor value of the output of the semiconductor laser
driving means after setting the output power target value is constructed by
the A/D converter 17 and the operation circuit 3. Next, the operation will
be described. At the recording, by the switch means 13 which is switched by
the WGATE signal showing a state of recording/reproduction, the output of
the . D/A (Ib) converter 14 is supplied to the current source 7 to control
the bias power current Ib, and the operation circuit 3 detects the output
of the servo amplifier 5 just before entering the recording state by the
A/D converter 17 and sets the D/A (Ib) converter 14 to have the same output
voltage as the detected one. The invention of Claim 4, in this second
embodiment,   33 2 0 MAY 2003 corresponds to the invention in which the
output of the D/A (Ib) converter 14 is input to the A/D converter 17 and
the output voltage of the D/A (Ib) converter 14 can be detected. Then,
before or after the state is switched to that of recording, the output of
the servo amplifier 5 and the voltage of the D/A (Ib) converter 14 are
detected and compared in the A/D converter 17 and the operation circuit 3,
by correcting the set value of the D/A (Ib) converter 14 so as to make the
above detected and compared values equal to each other, can correct the
conversion error or the offset voltage of the D/A (Ib) converter 14 and
makes the bias current value Ib due to the current source 7, which value
controls the bias power PB, equal to the reproduction current value Ir to
control the reproduction power PR, so the value of the bias power PB can be
set at the most standard value of bias power, that is, the same value as
that of the reproduction power PR. Next, the invention of Claim 5, in this
second embodiment, corresponds to the inventions in which, before recording
operation at the rising of a drive (an optical recording/reproducing
apparatus), and the like, the relation between the set value of the D/A
(Ib) converter 14 and the bias power PB is previously obtained, and the
output of the servo amplifier 5 is detected by the A/D converter 17 when
the state is changed from the state of reproduction to the state of
recording and the set value of the D/A (Ib) converter 14 is   2 0 MAY 2003 



34 decided in accordance with the previously obtained relation between the
set value of the D/A (Ib) converter 14 and the bias power PB. To be more
specific) when it is desired that the bias power PB is set to be lower in
power than the reproduction power PR, for example in case that PB = PR X
0.5 is desired, as described first in the second embodiment as that
corresponding to the invention of Claim 3, initially, before the operation
of recording) the operation circuit 3 controls the bias current Ib with
using the D/a (Ib) converter 14, and sets the output power of the
semiconductor laser 10 to have the same power as the reproduction power PR.
Next, the operation circuit 3 decreases the set value of the D/a (Ib)
converter 14, to detect the output of the monitor circuit 2 by the A/D
converter 17 via the sample-hold circuit 4 and to obtain the set value of
the D/A (Ib) converter 14 for the case of obtaining PB - PR X 0.5. Thereby,
it can be obtained how much the current is to be smaller than the
reproduction current value Ir to reduce the bias power by half and in the
actual recording operation, the bias power current value Ib is constantly
set to be smaller than the reproduction current value Ir by the previously
obtained value, and therefore PB = PR X 0.5 can be obtained. In obtaining
the relation between the set value of the D/A (Ib) converter 14 and the
bias power PB, the whole set values are not necessarily required to be
obtained as in table and they   2 0 MAY 2003 35 can be obtained by being
interpolated by one or plural points. As described above, the relation
between the set value of the D/A (Ib) converter 14 and the bias power PB is
previously 



obtained, and therefore the output of the servo amplifier 5 is detected by
the A/D converter 17 when the state is changed from the state of
reproduction to the state of recording and the bias current value Ib to
control the bias power PB can be added/subtracted to/from the reproduction
current value Ir to control the reproduction power PR, so the bias power PB
can be set freely. Accordingly, the optimum bias power PB can be set in
accordance with the kinds of the optical disks. Figures 5 show optical
output waveforms in case of changing the bias power. Figure 5 (a) is for
the case of setting the bias power PB = the reproduction power PR, figure
5(b) is for the case of setting the bias power PB < the reproduction power
PR, and figure 5(c) is for the case of setting the bias power PB > the
reproduction power PR, respectively. Next, the invention of Claim 6, in
this second embodiment, corresponds to the invention in which, before the
recording operation at the rising of a drive and the like, the relation
between the set value of the D/A (Ib) converter 14 and the converted value
of the A/D converter 17 is previously obtained. To be more specific. the
operation circuit 3 detects the output of the servo amplifier 5 by the A/D
converter 17 when the state is changed from the state of reproduction to
the   2 0 MAY 20D3 36 state of recording and decides the set value of the
D/A (Ib) converter 14 in accordance with the previously obtained relation
between the set value of the D/A (Ib) converter 14 and the converted value
of the A/ D converter 17. In obtaining the relation between the set value
of the D/A (Ib) converter 14 and the converted value of the A/D converter
17, the whole set values are not necessarily required to be obtained as in
table and they can be obtained by being interpolated by one or plural
points. As described above, the relation between the set value of the D / a
(Ib) converter 14 and the converted value of the A/ D converter 17 is
previously obtained) the therefore, without detecting the output of the D/A
(Ib) converter 14 every time by the A/D converter 17 when the state is
changed from the state of reproduction to the state of recording, the bias
power current value Ib to control the bias power PB can be set to be equal
to the reproduction current value Ir to control the reproduction Power PR,
and accordingly, even when the full scales are different 



between in the D/a (Ib) converter 14 and in the A/D converter 17 or the
offset occurs therein, the bias power PB can be accurately set to have the
same value as that of the reproduction power PR. (Embodiment 3) Next, a
third embodiment will be described with reference to figure 6. For the same
structures as those of the above   2 0 MAY 2003 3? mentioned embodiments,
the same numerals are used and the description will not be given. This
third embodiment corresponds to the inventions as described in Claims 7 and
8 of the present invention, and it is possible to prevent an unusual output
light from being radiated according to transient response of the
reproduction APC. Figure 6 shows a laser control apparatus according to the
third embodiment of the present invention. In figure 6, the same numerals
as those of figure 4 show sections equal to or corresponding to those of
figure 4. Numerals 51 and 52 denote resistors for using the servo amplifier
5 as a voltage follower amplifier, numeral 18 denotes a switch means for
disconnecting the monitor circuit 2 with the resistor 51 of the servo
amplifier 5) which means is turned on at the reproduction and turned off at
the recording in accordance with /WGATE signal showing a recording state or
a reproducing state. l Further, the output error setting means 1100 which
sets the output of the output error detection means 800 to be equal to the
output power reference value at the recording is constructed by the
operation circuit 3 and the D/A converter 6. Next, the operation will be
described. Assuming that there is no switch means 18 and the monitor
circuit 2 is directly connected to the resistor 51 of the servo amplifier
5, the modulated waveform on the basis of the modulated light of a laser is
input to the servo amplifier 5 from the monitor   2 0 MAY- '2003 38 circuit
2 at the recording, and, as the gain is high and the band is narrow in the
servo amplifier 5 generally, the output of the servo amplifier 5 is
saturated to the side of + or to the side of -, and by the setting of D/A
(Read) converter 6, the output voltage cannot be kept at the constant
value. If the state in which the output is saturated to the side of + at
the recording is switched to the reproducing state, as shown in figure 7,
the large current flows just after the control signal of the current source
7 is switched to the output of the servo amplifier 5 by the switch means
13, and is finally settled as the reproduction power, but an unusual output
light according to the~transient response is radiated. There is no problem
in an optical disk into which the recording is performed at every sector
and in which gaps such as un-recorded regions exist among sectors. However,
in an optical disk such as a CD-RW having no un-recorded regions among
sectors, when the recording is performed into the region existing between
the Blocks where the recording was already performed as shown in figure 8,
there is such possibility that a Block just after the Block under
re-writing may be erased if the reproduction power just after recording is
large. On the other hand, according to the third embodiment, when the
switch means 18 is in the state of off at the recording, the servo
amplifier 5 is in the state of the voltage follower, and the output voltage
is equal to the voltage of the + input   2 0 MAY 2003 39 terminal, and the
voltage of the D/A (Read) converter 6 is 



output straight. And, during recording, the operation circuit 3 sets the
output voltage of the D/A (Read) converter 6 to be equal to the output
voltage of the D/A (Ib) converter 14 at the reproduction. While, when the
state changes from recording to reproducing, the control signal of the
current source 7 is switched by the switch means 13, when setting is
performed as described above, the control voltages of the current source 7
can be almost the same before and after the switching. Next, the switch
means 18 is in the on state and a voltage on the basis of the optical
output of the laser is input to the servo amplifier 5 from the monitor
circuit 2, and because the band of the servo amplifier 5 is generally
narrow, the output of the servo amplifier 5 does not change just after the
switching. Here, the output voltage of the D/A(Read) converter 6 can be
~w'` gradually changed to the reference level of the reproduction power PR
to be transferred to the stationary state of the reproduction power
control. In this way, the transient response at the switching can be
minimized and an unusual output light according to transient response can
be suppressed. APPLICABILITY IN INDUSTRY As described above, the laser
control apparatus according to the present invention is useful in being
used for   2 0 MAY 2003 40 controlling the power of the semiconductor laser
in the optical pick-up, which laser performs recording/reproduction
into/from an optical recording medium such as an optical disk. It is
particularly suitable when used for controlling the optical power stably
when the output light is modulated at high speed. W   2 0 M AY 2003 41
CLAIMS 1. A laser control apparatus which controls a power of a
semiconductor laser in an optical recording/ reproducing apparatus for
performing recording/reproduction into/from an optical recording medium by
a semiconductor laser, comprising: a reproduction power monitor means for
monitoring an output of the semiconductor laser at reproduction just before
recording; 



a bias power setting means for setting a bias power which is a minimum
power outputted by the semiconductor laser at recording of pits into the
optical recording medium, to a semiconductor laser driving means on the
basis of a monitor value of the reproduction power monitor means; an erase
power monitor means for rxionitoring an erase power which is a power
outputted by the semiconductor laser at erasing between pits of the optical
recording medium, by sample holding; an erase power setting means for
setting the erase power to the semiconductor laser driving means on the
basis of a monitor value of the erase power monitor means; and a peak power
setting means for setting a peak power which is a maximum power outputted
by the semiconductor laser at recording of pits into the optical recording
medium to the semiconductor laser driving means, by operating a monitor
value   ~ 0 MAY 2003 42 of the erase power monitor means. 2. A laser
control apparatus which controls a power of a semiconductor laser in an
optical recording/ reproducing apparatus for performing
recording/reproduction into/from an optical disk by a semiconductor laser,
comprising: a photodiode for detecting a light of the semiconductor laser;
a current/voltage conversion means for converting a current of the
photodiode to a voltage and outputting the voltage; a reference voltage
source for deciding a reproduction power of the semiconductor laser; an
error detection means for detecting an error between the voltage outputted
by the current/voltage conversion means and the reference voltage; a
current source for passing a current through the semiconductor laser; 



a reproduction power control system for connecting an output of the error
detection means to the current source, and controlling the reproduction
power of the semiconductor laser; a bias current setting means for deciding
a bias current to be passed through the semiconductor laser; a switch means
for selectively switching between an output of the error detection means
and an output of the bias current setting means, and at the reproduction,
connecting an output of the error detection means to the current source to
form the   2 0 MAY 2003 43 reproduction power control system and, at the
recording, connecting an output of the bias current setting means, instead
of the output of the error detection means, to the current source; a
sample-hold means for sample-holding the output voltage of the
current/voltage conversion means at the recording; an erase current setting
means for deciding an erase current to be passed through the semiconductor
laser; a peak current setting means for deciding a peak current to be
passed through the semiconductor laser; and an operation means for
operating set values of the erase current setting means and the peak
current setting means on the basis of an output value of the sample-hold
means. 3. A laser control apparatus which controls a power of a
semiconductor laser in an optical recording/reproducing apparatus for
performing recording/ reproduction into / from an optical recording medium
by a semiconductor laser) comprising: ~"r.i a semiconductor Iaser power
monitor means for monitoring an output of the semiconductor laser; an
output error detection means for detecting an error between an output power
reference value which is to be outputted 



by the semiconductor laser at reproduction just before recording and an
actual output power value at the reproduction, which value is detected by
the semiconductor laser power monitor means;   ~ ~ SAY ~UU3 44 a
semiconductor laser power control means for setting a output power target
value to a semiconductor laser driving means on the basis of a detected
result of the output error detection means; and an output power target
value correction means for correcting the output power target value on the
basis of a monitor value of an output of the semiconductor laser driving
means after the output power target value is set. 4. A laser control
apparatus which controls a power of a semiconductor laser in an optical
recording/reproducing apparatus for performing recording/reproduction
into/from an optical disk by a semiconductor laser, comprising: a
photodiode for detecting a light of the semiconductor laser; a
current/voltage conversion circuit for converting a current of the
photodiode to a voltage, and outputting the voltage; a reference voltage
source far deciding a reproduction power (w,r of the semiconductor laser;
an error amplifier for amplifying a difference between the voltage
outputted by the current/voltage conversion circuit and the reference
voltage; a current source for passing a current through the semiconductor
laser;   2 0 MAY 2003 



45 a reproduction power control system for connecting an output of the
error amplifier to the current source, to control the reproduction power; a
D/A power circuit for deciding a current to be passed through the
semiconductor laser; a switch means for selectively switching between an
output of the error amplifier and an output of the D/A conversion circuit,
to make a control signal of the current source; and an A/ D conversion
circuit for selecting one of an output voltage of the error amplifier and
an output voltage of the D / a conversion circuit, and subjecting the
voltages to digital conversion; wherein a digital value of the D/A
conversion circuit is decided on the basis of a digital value of the A/D
conversion circuit, and at the recording) the output of the error amplifier
is switched over to the output of the D/A conversion circuit and the
current of the current source is controlled. 5. A laser control apparatus
which controls a power of a semiconductor laser in an optical
recording/reproducing apparatus for performing recording/reproduction
into/from an optical disk by a semiconductor laser, comprising: a
photodiode for detecting a light of the semiconductor laser; a
current/voltage conversion circuit for converting a   2 0 MAY 2003 46
current of the photodiode to a voltage, and outputting the voltage; a
reference voltage source for deciding a reproduction power of the
semiconductor laser; an error amplifier for amplifying a difference between
the output voltage of the current/voltage conversion circuit and 



the reference voltage; a current source for passing a current through the
semiconductor laser; a D/A conversion circuit for deciding a current to be
passed through the semiconductor laser; a switch means for selectively
switching a control signal of the current source to switch between an
output of the error amplifier and an output of the D/A conversion circuit;
an A/D conversion circuit for subjecting an analog signal outputted from
the current/voltage conversion circuit to digital conversion, and
outputting the converted signal; and an operation circuit for, in a period
during which recording is not performed, outputting a digital signal to the
D/A conversion circuit, reading changes in the output signal of the A/D
conversion circuit, obtaining a change amount in power in response to a
change amount in the current of the semiconductor laser, and at the
recording, outputting the digital signal value obtained above to the D/A
conversion circuit.   2 0 MAY ~uU3 4? 6. A laser control apparatus which
controls a power of a semiconductor laser in an optical
recording/reproducing apparatus for performing recording/reproduction
into/from an optical disk by a semiconductor laser, comprising: a
photodiode for detecting a light of the semiconductor laser; a
current/voltage conversion means for converting a current of the photodiode
to a voltage and outputting the voltage; a reference voltage source for
deciding a reproduction power of the semiconductor laser; an error
detection means for detecting an error between the voltage outputted by the
current/voltage conversion means and the reference voltage; a current
source for passing a current through the semiconductor laser; 



a reproduction power control system for connecting an output of the error
detection means to the current source, and controlling the reproduction
power; a D/A conversion circuit for deciding a current to be passed through
the semiconductor laser; a switch means for selectively switching between
the output of the error amplifier and an output of the D/A conversion
circuit, to make a control signal of the current source; an A/ D conversion
circuit for subjecting the output of the error amplifier to digital
conversion; and   2 0 MAY 2003 48 an operation circuit for, in a period
during which recording is not performed, outputting a digital signal to the
D/A conversion circuit, reading changes in an output signal of the A/D
conversion circuit, obtaining a change amount in power in response to a
change amount in the current of the semiconductor laser, and at the
recording) outputting a digital signal value obtained in the period during
which the recording is not performed, to the D/A conversion circuit. 7. A
laser control apparatus which controls a power of a semiconductor laser in
an optical recording/ reproducing apparatus for performing
recording/reproduction into/from an optical recording medium by a
semiconductor laser, comprising: a semiconductor laser power monitor
rr~eans for monitoring an output of the semiconductor laser; an output
error detection means for detecting an error between an output power
reference value to be outputted by the i semiconductor laser at
reproduction just before recording and an actual output power value at the
reproduction) which value is detected by the semiconductor laser power
monitor means; 



a semiconductor laser power control means for setting an output power
target value to a semiconductor laser driving means on the basis of the
detected result of the output error detection means;   ~ 0 MAY 2003 49 a
switch means for making a state between the semiconductor laser power
monitor means and the output error detection means OFF at the recording,
and making the state ON at the reproduction; and an output error setting
means far setting the output of the output error detection means so as to
be equal to the output power reference value at the recording. 8. A laser
control apparatus which controls a power of a semiconductor laser in an
optical recording/reproducing apparatus for performing
recording/reproduction into/from an optical disk by a semiconductor laser,
comprising: a photodiode for detecting a light of the semiconductor laser;
a current/voltage conversion circuit for converting a current of the
photodiode to a voltage, and outputting the voltage; a reference voltage
source for deciding a reproduction power of the semiconductor laser; an
error amplifier for amplifying a difference between the output voltage of
the current/voltage conversion circuit and the reference voltage; a current
source for passing a current through the semiconductor laser; a
reproduction power control system for connecting an output of the error
amplifier to the current source, and
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