"1 DESGRI PTEON LASER CONTROL APPARATUS TECHNI CAL FI ELD The present

I nvention relates to a | aser control apparatus, nore particularly, an
‘apparatus which carries out power control of a sem conductor |aser
enpl oyed for an optical recording/reprpduci ng appar at us, an contr ol
.the optical power stably even when an output light is mdﬂﬂﬂw mmmufh
speed at the high-speed recordi ng. BACKGROUND ART A sem co S
general ly enpl oyed as an optical pick up and the like in an optisal
recordi ng/ reproduci ng: apparatus such as a CD player, a witable CD-R
drive, an erasable CD-RWdrive anggé®grbirkeny The power of a sem conduct or
| aser varies greatly in accordance with a tenperature change or changes

wi th passage of time(lifetime), and therefore, it is necessary to carry
out power control for stabilizing the pomer when enpl oyi ng a semni conduct or

| aser as a |ight source inﬁgﬂ%ﬂ?gﬁé #6caﬁbrecor gm ng

recordi ng/ reproduction into I'ng medium such as an
optical disk and the |like. Such prior art sem conductor |aser power control

appar at us
TECHNICAL FIELD

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 médulated 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
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2 is di~sclosed in Japanese Published Patent Application No.Hei.1l- 204224 in

detail. Figure 9 is a block diagramfor illustrating a prior art
‘sem conductor | aser power control apparatus. In figure, nuneral 10 denotes
a sem conductor laser for radiating lasgr light to an optical disk;

.nuneral 1 denotes a photodiode for receiving the irradiation |ight of the
sem conductor |l aser 10; nuneral 2 denotes a nonitor circuit for nonitoring
the output of the photodiode 1; nuneral 20 denotes a bottomhold circuit
for holding a bottonllevel of the output fromthe nonitor <circuit 2;
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hol di n k, | eve the output fromthe nonitor circuit 2; nuneral 19
denot e%‘g ﬁ‘gt’r’al de %F‘Fguit for outputting a first, a second and a third
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27 denotes a D/A converter for con rtlng ihe se ond digital 5| na
out put tRumeralnd0 sREtES & raRical v%ta pESE é*bﬂ%?éi? at@®huner al
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numeral 23 denotes a servo anplifier for conparing,the
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 sample-
holding 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 correéponding 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



3 bias refenrnence voltage outputted by the DJA converter 26 with the bottom
| evel which is held in the bottomhold circuit 20 to anplify the error;
‘nunmeral 24 denotes a servo anplifier for conparing the erase reference
voltage outputted by the DDA converterg27 with a sanple-hold I evel which
-is held in the sanple-hold circuit 21 to anplify the error; nuneral 25
denotes a servo anplifier for conparing the peak power reference voltage
outputted by the D/A converter 28 with the peak hold |evel which is held
in the peak hold circuit 22 to anplify the error; nunerals 7,8 and 9
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20 by sanple-holding_the output of the monitor_circuit 2 are
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 éccordance 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



4 conpared by the servo anplifier 23 and a current is passed through the
sem conductor | aser 10 by the current source 7 which is controlled by the
‘conparison result of servo anplifier 23 so that a reproduction power PR
corresponding to the reproduction power, reference voltage VR is constantly
.outputted. At recording into an opticaﬁ di sk, as shown in figure 2, the
power of the sem conductor laser 10 is nodulated into the three val ues of
bi as power PB, erase power PE, and peak power PP, thereby recording is
performed into the optical disk. Then, a portion of the output |ight from

t he sem conductor laser 10 is recejved th hot odi ode 1, and a_.si gnal
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2. The signal_ fromthe nmonitfor circuit 2 hs helg by the bottom hold
ci rcui t thpoughetBgnprRicORGtREi 1299 LRPYhEDFeSUTTSARF S9VLCFt 722
respectively, and the bottomlevel, the erase |level and the peak |eyel of
the optWehshoispgensreldebdwedhespeEparefon FRSULY 10f $917¢)i 3BPLoMEPT P
can be obtained by swtching the output of the DJA (Read/Bias) converter
26 ser23ngoathatr af zepresiugai ieyeoewer cBR| aorrgspendling &4 tehe over from
the VR to the bias power reference voltage VB corresponding to the bias
power PBepfbdubtienppaeen ofaffarnerce \vplhgge\V¥Rads constdntige optentisd.
held in the bottomhold circuit 20 are conpared by the servo anplifier 23,
and a curredt recpadied tihrtougn tdptiealcdndiict es Ishowm 1% figwee Burrent
source 7 which is controlled by the conparison result

the power of the semiconductor laser 10 is modulated into the

three values of bias power PB, erase power PE, 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 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



5 of servo anplifier 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 conparing the erase power reference voltage VE
outputted by the D/A(Erase) converter g7 serving as a reference voltage
-source and the output fromthe sanple-hold circuit 21 by the servo
anplifier 24 and by passing an erase power current through the

sem conductor |aser 10 with the erase power current superposed on the bias
power current by the current source 8 which is controlled by the
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| aser i s nodul ated between the bias power PB, the erasergpwer PE and the
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Is perforned between the bias power PB and the peak power PP is the
i ntervad4 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 referenée voltage source and the
output from the peak hold circuit 22 by the servo amplifiexr 25
and by passing a peak power current through the semiconductor
laser‘lo with the peak power current furtﬁer 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 EFM1 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



6 at which pits are forned on the track, and when the switch neans 11 and
12-are'in the state of on and off, respectively, the intervals at which
‘the value of the erase power PE is mamintained are the intervals where the
space between pits are erased and spacgs are fornmed. 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 val ues by
changi ng the respective reference voltages of DA converters 26, 27 and 28
serving as the reference voltage sources. The conventional sem conductor

| aser power .cgntr a E3 r agnabeven &R kwidah perform
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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 fecording 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 is 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



7 the peak power PP, respectively, and therefore a nonitor <circuit, a
bottom'hold circuit, and a peak hold circuit which can perform hi gh-speed
responses are required, thereby resulting in an increase in costs. That

i's, even when the |aser is nodul ated atghigh speed and the high speed
-nmodul ated light is incident on a nonitor photodiode, if a photodiode and a
nonitor circuit having | ow response speeds are used, delays or

unshar peni ng of signals would be generated therein and unsharpening of a
noni t or output signal would al so occur, and therefore, as shown in figure
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provide a |l aser control apparatus which can perfqorma stable power control
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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 océur, and therefore, as shown in figure 3,
the optical output waveform cannot be correctly reflected on
the monitor output and even if &n 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 difficulf 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



8 photodi ode and a nonitor circuit which operate at a relatively | ow speed.
DI SCLOSURE OF | NVENTI ON According to Caim1 of the present invention,
there is provided an apparatus which controls a power of a sem conductor

| aser in an optical recording/reproducigg apparatus for performng
.recordi ng/ reproduction into/froman optical recording nediumby a

sem conduct or | aser, conprising: a reproduction power nonitor neans for
nonitoring an output of the sem conductor |aser at reproduction just
before recording; a bias power setting neans for setting a bias power
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of pits into the optical recording nedium to a sem conductor |aser
driVin%xRFQﬂéeQ@ the basis of a:nonitor value of the reproduction power
moni t or” nearts; an erase power nonitor neans for nonitoring an erase power
which is a power outputted by the sem conductor |aser at erasing between
pits of the optical recording nedium by sanpl e-hol di ng; an erase power

settin r..sett.i erase power to the sem conductor |aser

drivi ngjxfi%[gﬁ%%gtﬂg E&%@T&Pﬁa noni tor val ue of the erase power nonitor
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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 érase 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



nmoni tor val ue of the erase power nonitor means. According to Caim1 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 egase power, detects the power by a
-sanpl e-hol d and operates a peak power on the basis of the detected val ue
of the erase power, and even if a |ow speed nonitor photodi ode and a | ow
speed nonitor circuit are enployed, since the tine when the erase power is
being outputted is relatively long, the erase power can be correctly

detectglgaxpj}/tép:YQ?ﬂgl ﬁfh@h% A OB KESF embAELekakleangaver control can be

realiz even I gh-speed nodul ati on. As descri bed above, since the
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power can be d Correctly by a sanple-hold, and by utilizing this, a
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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 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 app&ratus can realize the power control étably
even at the high-speed 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 an 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 outputti-ng the voltage; a reference voltage source for deciding a
reproduction power of the sem conductor |aser; an error detection nmeans
for detecting an error between the voltage outputted by the
current/vol tage conversion neans and tjge reference voltage; a current
.source for passing a current through the sem conductor |aser; a
reproducti on power control system for connecting an output of the error
detection neans to the current source, and controlling the reproduction
power of the sem conductor |laser; a bias current setting neans for
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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
reéording, 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



t he sanpl e-hold nmeans. According to Claim2 of the present invention, the

| aser -control apparatus is constructed as above, and therefore <controls a
‘bi as power with using an automatic power control (Automatic Power Control;
hereinafter, referred to as APC) val ug ﬁt reproduction just before
.recording, and, as for an erase power, ‘detects the power by the

sanpl e-hol d 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 | ow speed nonitor photodi ode and a | ow speed nonitor circuit are

enpl oyed, since_the &ine when the erase power is being outputted is
rel ati vell§ $3mglerheld; #€805ower can be correctly detected by the

sanpl e-hol d, and therefore_the powe ontrol can,be realized,st ven
at the hi gh-ApeeadiBgutst Cda1mhL cﬂeéc’% BT §EG60E, 18V8P§§°5’dme hg gﬂgefc
controlled by using an APC control value at the reprqduction, just before
recor digeptenl appavapuseis sanshirutted af Pﬁgvﬁowépgbéﬁﬁfqﬂéﬁﬁted by the

sanpl e-hol d, and a peak power is controlled on the hasis of the control
val ue ofomtieobsasebpesepoward witdr arging| aBeputoRatadc PYWSH AWEEXPLch can
realize power control stably even at the high-speed nodul ation can be _
provi detAevenanhenPawerwCopdar 1 ndrereinafitesdi se§exreda Horss ARE) noni t or
circuit are enployed. According to daim3 of the present invention, there
is provaled ah appapducsicm custorhebdrearponsding,aadri GFhdERY AR | aser
In an optical recording/reproduci ng apparatus for 12 .
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, 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 an apparatus which controls a power of a semiconductor

laser in an optical recording/reproducing apparatus for



perform ng recordi ng/ reproduction into/froman optical recording nmedi um by
a sem conductor |aser, conprising: a sem conductor |aser power nonitor
means for nonitoring an output of the seniconductor |aser; an output error
detection nmeans for detecting an errorypetween an out put power reference
-value which is to be outputted by the sem conductor |aser at reproduction
just before recording and an actual output power value at the
reproduction, which value is detected by the sem conductor |aser power

nmoni tor means; a sem conductor |aser power control nmeans for setting an

out put power target value to,_ a sem conduc I I V1.0 ns on the
basi s JfeBIQERLBEEYSCPE, qg&ﬁe?$ﬁﬁ%ﬁ€b§# %gﬁg/%gg%bg%1oﬁn%5§§g; and an
out put power _ target ,val ue correction.neans for correcti { he. oyt put power
target TaFaEddngd: REIPNS l’sé’yof"" f%ﬁ?%‘?“sgf’ae 8F %A1 S 3.}{&% olfm’t h%
sem conductor | aser driving neans after the outpﬁhrpomen taﬂggt val ue is
set. AceemiéFApdusteral@seoPRY JReRIRPT| AFERS HPT PR LY Bt r ol
apparatus is constructed as above. Thereby, it obtains an error petween an
actual output afidthe @@mﬁﬁonQ#%ﬁ%ﬁc%a§§F@eanoPuéﬂﬂﬁﬁQﬁﬁﬂﬁué%ﬁe? 58P when
the state is changed fromthe reproduction state into the recorgin stat e,
and setmeansnfozcdetestdagniam eReoErbeEWegn G&t PRTRTnROWeY et 9aFRESt o
the sem conductor |aser driving nmeans, and nonitors the output of the
sem comdatuer whastr idr iba e neufputbedsbyother sesi aonduchan tagetiett ar get
val ue. Therefore, it is possible to set a 13

reproduction just before recording and an actual output power

S

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 1asér 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



bi as power appropriately in accordance with a reproduction power as a
reference. As described above, the |aser control apparatus which can
appropriately set a bias power in accordance with a reproduction power as
a reference can be obtained. According { Aaim4 of the present invention
-there is provided an apparatus which controls a power of a sem conductor

| aser in an optical recording/reproduci ng apparatus for performng
recordi ng/ reproduction into/froman optical disk by a sem conductor |aser,
conprising: a photodi ode for detecting a .light of the sem conductor |aser;

a current/voltage V. |« L rgui er f.i t he
photod?%%éstgggg50%§§§§E§%§kF¥iu%ﬁt%F%gggﬁggébﬁégggfgéﬁaéﬁggéﬁggoeoltage
source for decidingga reproducti on power of the sem conductor |aser; an

error APIEFi BF PofSafpS S ng a difference between the voltage outputted
by the current/volta onyersion_circuit and the. reference vaoltage;
current sour®@ §8505§§éan§§9Yﬁwr%ﬂ? E?ﬁ?ﬁu&ﬁﬂhﬁ?%ﬁﬁﬁ&ﬁﬁé&&fd&£f§geF?%a
reproducti on power control _systemfor g¢onnecti an outqut of the error
anpl i f | }PPFEPThRBtedYr Foft BRITR, PPBeE oAty BFCPI?EI idn power; a DA
conversion circuit for deciding a current to be passed through the

sem conBeRTBAUFLEieR: PAWEH tBh FoERSeFBRCELER: PReOPtad&Lhi ng bet ween an
output of the error anplifier and an output of the DA conversion ¢gircuit,
to make a coRefFerdingnie Caimed cofrthe Pyesedt dmyentiQm HRSERsESn

circuit for 14 _ .
provided an 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 photodiqde 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/voltagé 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 A/D conversion circuit for



sel ecti-ng one of an output voltage of the error anplifier and an output
voltage of the DJA 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 vpjue of the A/D conversion circuit,
-and at the recording, the output of the error anplifier is switched over
to the output of the DJA conversion circuit and the current of the current
source is controlled. According to Claim4 of the present invention, the

| aser control apparatus conprises: a reproduction power APC system for

control LLPg RS SREOMCU DL RENEE 4811BKE LI didr FOPSARPLiRE ckh@ind

reproduﬁ? converter Tor detecfing a current control voltage at
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conversion val ue, and nakes a bias current, val ue ontrollingca_bi . r
equal tBhg PéPr 6QUVETS QUG EREUYhI 48 d@SﬁHﬁHIqquf er%ﬁﬁ%ﬁugfignd% 1'll\l‘:%y',lgnd
can set the bias power to be equal tg the reproductian power. _As deseri bed
above, wualueepfcéirer M/ ARSI EFrrE&ﬁt'r%RéijaFtbi%ée 25??8ﬁ?19gl'u3:%e .

controlling a bias power equal to_a reproduction current va+ue c%ntrolg ng
a repr odutPhEnofokdre BrraretaPRlAEieT, dfr SWIGEHAT Q¥SRntC vEPBe R Bitas

power current 15 ) .
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 éontrol to switch over from a reproduction
power APC systeﬁ to D/A converter at the recording; énd 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



val ue, and can set the bias power to be equal to the reproduction power,
can be ‘obtained. According to Claim5 of the present invention, there is
provi ded an apparatus which controls a power of a sem €onductor |laser in
an optical recording/reproduci ng apparajgs for perform ng
-recordi ng/ reproduction into/froman optical disk by a sem conductor |aser,
conprising: a photodiode for detecting a light of the sem conductor |aser;
a current/voltage conversion circuit for converting a current of the
phot odi ode to a voltage, and outputting the voltage; a reference voltage

source LQ?PFdth i r@%‘%?;,lgx@cgggigf?g%g b e spEropdugher |aser; an

error anp {er for anp ng a erence between the output voltage of

the curpent/ualaqs, GORNES Si o ChECUbtadRGaLhe reference vol tage; a
S p

current urce for ssing a current through the sem conductor |aser; a

DA conversi8QF§ig&ﬂiiéégg%%fﬁigigg ﬁh%uépgyéﬂéjfﬁhéﬁ§f d tehepghikhe

sem conduct o means for selectively swtching a control
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CirCUité Qgﬁgkg%dﬂ¥¥§¥*ﬁé£2§Pecgﬁéggéiibgng p15é3533§2 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 throuéh 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



Al D converstion circuit, obtaining a change anmount in power in response to
a change anount in the current of the sem conductor |aser, and at the
recordi ng, outputting the digital signal value obtained above to the DA
conversion circuit. According to Caim@g of the present invention, the

-l aser control apparatus conprises: a reproduction power APC system for
controlling a reproduction power to nmake the power constant at the
reproduction; an A/D converter for detecting a current control voltage at
t he reproduction; a D/A converter for controlling a bias current at the

recor dg RnMALILIEI & £Hbhit] ObrtWiGhd G tditakpetaRbuhe W polwervein from

the reproduction power APC systemto the D/A converter at the recording;

and anregp%%u o rs g%osmgaa&atﬂm&ﬂ&ecﬂ&ﬁ/@wf fhet Bemhiadnautod he

A/ D conversion val ue, an ecides a bias current value to control a bias
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power and cdn e bras power .reely: As descri ove, a'laser
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at the reproduction; an A/D converter for detecting a current
control véltage 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 freély.
As described above, a laser control apparatus which can
obtain a bias power corresponding to a bias bower current value
previously, and can set the bias power freely, can be provided.
According to Claim 6 of the present invention, there is
provided an 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 into a voltage, and
outputting the voltage; a reference voltage source for deciding a
reproduction power of the sem conductor laser; an error anplifier for
amplifying a difference between the oujput voltage of the current/voltage
.conversion circuit and the reference voltage; a current source for passing
a current through the sem conductor |aser; a reproduction power control
system for connecting an output of the-error anplifier to the current
source, and controlling the reproduction power; a DA conversion circuit

for deckdbng:p SULs el PO el L bROUE chlie pRGEOnGE pacbager ;

sw tch neans Sel'e swi tchi ng between tthe output of the error
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i nvention, the |aser control apparatus takes a correction between _an,A/'D
conver t Ehrgoggh 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
operatibn 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



detecti'ng arcurrent control voltage at the reproduction and a DA
converter controlling a bias current at the recording, and even when ful
scales are different or offsets are present between the A/D converter and
the D/A converter, the bias power can pg set highly precisely. As

-descri bed 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 DA converter controlling a bias current at the
recording, can set a bias power highly precisely even when full scales are

di fferegbrebtitly Selcudrfer¥ eSEREroet ¥BER Algee A RONWVEbESdudbilohhand A
converter, can be provided. According to aim7 of the present invention,

there ip /Aprcg\ﬁkg%earn %}P%rd;]‘i}r'ﬁ&hﬁcﬂiﬁgmcru@r%rﬁ: ROMEEh O r8c 8884 AEN Al

| aser in an optic recor g/ reproduci ng apparatus for perform ng
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sem conducto aser, conprising: a sem conduct or aser power nonitor neans

for monitoring g Oru/gfe);geocrgtewgrss%ceﬂggg@re Aoarﬁﬁéft%éf' OLALUL1 B! Bower

det ecti On "nmeans I ig-an error n an ouf put power reference
bef or e FBRoPA R3 et St SR EB0r power val o at the repr oducti on
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value tgaﬁgng 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 7 of the present invention, there is
provided an apparatus which controls a power of a semiconductor
laser in an optical recording/reproducing apparatus for
performing recording/reproduétion 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



a sem conductor |aser driving neans on the basis of the detected result of
the output error detection neans; a swtch neans for making a state

bet ween the sem conductor |aser power nonitor nmeans and the output error
detection neans OFF at the recording, fgd maki ng the state ON at the
.reproduction; and an output error setting neans for setting the output of
the output error detection nmeans so as to be equal to the output power
reference value at the recording. According to Claim7 of the present

i nvention, the laser control apparatus is constructed as above. Thereby,

It obtains an eryor_ hetween an a I ut._a Ut ¢ rence val ue
of the §eﬁF@&ﬁ&Eé“&tqra§ears%eﬂr%ﬁ%H§t Ié‘%(%h%stoghgglg%}?ér%% {)ﬁeﬁlrgepr oduct i on
state into the recording state, and, when an ut put  po arge lye is
set to EREeSERC: S t'oroﬁga g °‘EIEPVFn§rﬁ€§n§lq%ﬁ%&%r§d£§%%EW ghgyﬁ.gchr ror,
It sets the output _error to be equal to the output wer _reference value
wi t hout megngnen Matgnche AR rPPEYERR &P ﬁ@“@é’rﬁﬁ‘h‘dﬁ%? Oiaﬁggegow% wer
noni tor means to the output error detection neans at the re di ng
Ther ef onenitpr egassiant the MetRul FrIfT Sateqtaqsyfieans é&ﬁtéﬁiﬁ&efrom
the recording state to the reproduction state. As described,above, _a_| aser
controlreppadémas\ﬂﬂdﬂmﬁkﬁngaﬁ%?dSFﬁéﬁsp@hPtréﬁﬁnﬁﬁ?ﬁ@éﬁFFﬁ@nétQPQ 23

switched fromthe recording state to the reproduction state, can be
obt ai nedutputoediney teetdimanmeanst ferpsesding thantawrput nefothe sytput

error detection means so as to be equal to the output power
reference value at the recording.

According to Claim 7 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 vaiue 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



provi ded an,apparatus which controls a power of a sem conductor laser in
an optical recording/reproduci ng apparatus for performng
recording/reproduction into/froman optical disk by a sem conductor |aser,
conprising: a photodi ode for detecting a |ight of the sem conductor |aser;
.a current/vol tage conversion circuit Tt converting a current of the
phot odi ode to a voltage, and outputting the voltage; a reference voltage
source for deciding a reproduction power of the sem conductor |aser; an
error anplifier for anplifying a difference between the output voltage of
the current/vol tage conversion cjrcuit and_the refer%gge voltage' At

cur r entpxovigedf on PRPATRFUS WR+ERt CORRFOLGH 3t ROWSIH i Uo i REBT CPRLHFHOX
reproducti on power control systemfor connecting an output of the error
anpl i f i basen tihe ancoptdmals gigeerding/ ESREPELICLRY ARPFFYBIUt?T on pover; a
D) A conversion circuit for deciding a current to be passed,throg h he
seni conpeeformbiage recorsiingiremeedue bioseintoifaiop ami Rk ¢l o gﬁht ¥
signal of the current source to switch between the output of the error
anpl i fi &r samdconduditart lafsdhe cdnprishngrsaophotosiiade fer AeWPEEANFeans
for cutting off an input fromthe current/voltage conversion circuit into
the eri1@ghanplfi ther sdnicdridicort haseeeordicngrent vl trge ropRYRES180t put
of the error anplifier to the output of the DDA conversion circuit is

per f or nedrtai€0ForOlcddieriinignd chrtbat ofir thet phmbadiods wela veltage,

I nput fromthe current/voltage conversion circuit into the error anplifier

is cut gh8, cakpuditidhl 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 méans 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



the reproduction, switching fromthe output of the D)A conversion circuit
to'the output of the error anplifier is perforned to control the current
of the current source, as well as the output of the current/voltage
conversion circuit is connected to theg, nput to the error anplifier, 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 fromrecording to reproduction is
performed, the voltage of the reference voltage source is changed passing

t hrough _at | east _one, i nternedi at.e val ue,. ordi t ' f the
presegtth%\/%@ﬁ#%‘ﬁ?cElPﬁseFngE%{W aé%%réﬁ%se%ﬁgﬁ 8§3tﬁ§n§/£i ded with a
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response of the reproduction APC, can be grovided.J
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 sourcg 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 réproducing 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.



22 BRI EF DESCRI PTI ON OF DRAWNGS Figure | is a block diagramof a |aser
control apparatus according to a first enbodi nent of the present
invention. Figure 2 is a diagramfor explaining a relation between a
current and an optical output of a Iase%2 Figures 3 are diagrans for
.expl aining the operation of the |aser COntrol apparatus according to the
first enbodi ment of the present invention. Figure 4 is a bl ock di agram of
a laser control apparatus according to a second enbodi nent of the present
i nvention. Figures 5 are diagrans for explaining the power control
according to the |laser control apparatus according to the second
enbodi nent of the present invention. Figure 6 is a block diagramof a |aser
control apparat us according to_a third enbodi nent of the present

a

i nvent | ERIERRRESGRIETION QF aGRAWS expl ai ni ng the power contro
according to the laser control apparatus acgcording to the third | ment
of the presefigument b arPyark gqagrélﬁli%\%r%ni?g?reﬁﬁf‘gfﬁﬁn ptgr?gapo r
control according to the laser_control aggaratus accordLn% to.,the third
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conventional laser control circuit. 23 BEST MODE TO EXECUTE THE | NVENTI ON
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
accofding.to a third embodiment of.the présent 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.



(Enmbodi'nent - 1) Hereinafter, a |aser control apparatus according to

enbodi nents of the present invention will be described. This first

enbodi ment corresponds to the inventions as described in Claiml and Caim
2 of the present invention and a bottaonpower is controlled by using an
-APC val ue at the reproduction just before recording and, as for an erase
power, since its period is relatively long, the power is detected by a
sanple-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

1illu | ase I cording to the first enbodi nent
of theséﬁgéeﬁ?ﬁanén |on Tl’?ﬂ?gure#ﬁE 6numeral 10 denotes a sem conduct or
| aser fgﬁgﬁ?glat' Iaser light to an optical disk; numeral 1 denotes a

phot odi poeRE 4 V|ng the irradiation Ilight of the sem conductor | aser
10; nuneral__2 denotes a no circuit.(a_current/volta ersion

means, a curBehe}PBFEEge (‘?oﬁvaeﬁeﬁ o‘ﬁm&??%ﬁ ?pﬁgla%%rﬁqcﬁ]gn#h% out put of
t he photodlode 1: nuner 4 denotes, a l.d.cireuit (a sanple-hold
means) ?%P°§éﬂﬁP§sh8ﬁdF%§ HWﬁ?%Rﬁpﬁ?V%?tnB ﬂ1 éf b%& numeral 17

denotes an A/ D, converter (an, A/ D conversion CIFCUH%; for subj ctln t he
out put of tﬁbl§aﬁﬁF§§h&N?Q§#Wﬁﬁ¥ Qo%F eFRENGS: e et lifier
5 to be described |ater to A/ D conversi on; nuneral 3 24 denotes an

oper at | daseribedt ipafladar & iand ekain 2opfofbeapngFent 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 semicondﬁctor laser for radiating laser
light to an 6ptica1 disk; ﬁumeral 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



t he output of the A/D converter 17; nuneral 6 denotes a DA converter (a
reference voltage source) for subjecting the output of the operation
circuit 3 to D)A conversion; nunmeral 5 denotes a servo anplifier (an error
detection neans, an error anplifier) fay conparing the output of the DA
-converter 6 with the output of the nmonitor circuit 2 to anplify the error;
nuneral 14 denotes a D/ A converter (a bias current setting neans) for

subj ecting the output of the operation circuit 3 to D/ A conversion

nuneral 13 denotes a switch neans (a switching neans) for swtching

bet V\Bendéﬂ%gé't At ogFrEIE‘?Lo??ré’PréWPi | {48' opérabd o enediPutief dperdting

converter numner 7 denotes a current source which is controlled by

the out by @tg, w&a@ Wftga ﬂéereéffeml ABmdenat & Ged¥tescavByaer (an
erase c set I ng nean or subjectlng t he output of the operation

circui t 3 tgy%@ L"YEER BT elod 8o gaRaLTS ro:Dissraerigr ehéa peak

cur r ent ©SRY e output of the operation circuit

cont r ol PREBE} PheCBh %‘é@‘;’rao l%fhea%@l%ﬁ%%?t 7 s PRl dhepat)S
e corEPBPS| As8RTVROAHRY Fiter L 157 ARRORSEEr (et AP, o berbRe
O oL 19, LIS ol oo SO et oI CRo T S0BME Ll 0L 10, winr,
O he gom conduet ol Laser 10, consianl,gh 35chMSnkANAY B4 oBris, ki 19
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 outpuﬁ 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 operation
circuit 3 té D/A conversion; numeral 16 denotes é 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



by: the. sem.conductor |aser 10; the photodiode 1; the nonitor circuit 2;
the servo anplifier 5; the D/A converter 6; the operation circuit 3; the
"switch nmeans 13; and the current source 7. In addition, the reproduction
power nonitor neans 100 which nnnitorszéhe out put of the sem conductor

. laser at the reproduction just before Tecording is constructed by: the

phot odi ode 1; the nonitor circuit 2; the servo anplifier 5; the DA

converter 6; the operation circuit 3, and the A/D converter 17. Further,

t he bias power setting nmeans 200 which sets a bias power which is the

m ni nrum power outputted by the . sem gconductor | aser g% r@&ﬂégfﬂﬂtgﬁ
pits i aneaﬁeBEPﬁb‘&ltlc’Pec%?’airF@khﬁﬁi ﬁﬁ\et g pélé:mcggr?d%c %Plesf aser driving
means on the Dbasis of the nonjtor v hue f the.r rqfu tio L4 EBRI tor
nmeans 1bw: the éﬁ&é@oﬂgﬂﬁt%ti?ﬁﬁrn@ nstﬁﬁop\?@l‘ﬂt 15 esc‘la'n %éf)glﬁ% POWEr to
the sem conductor |aser driving neans on th gﬁsis of tqf o 1;§Eevalue of
t he eraserpuwﬁrZnnﬁbﬁoﬁQﬁﬁﬂmﬁ%Eé}flﬁﬁd5?hégﬁe Ap&ﬁﬂ”%ﬁa??ﬁg’ ans 500
which, with operating the nonitor value of the _erase pgwer nDnitﬁr nmeans
300, sebpexapdak cioweritwd chthe swétrbxieamspdder 3R fie U HY°Phe
sem conductor |aser at the recording of pits into an optical recording
medi um sbaxricee7sem conductor | aser driving neans 600 are constructed by
the operation circuit 3. 26 In addition, the erase power nonitor_neans 300
whi ch In addition, the reproduction power monitor means

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.



nonitors, by a sanple-hold, an erase power which is a power outputted by
the sem conductor |aser at erasing of the optical recording nmedium between
pits is constructed by the nonitor circuit 2, the sanple-hold circuit 4,
and the A/D converter 17. Further, a seg conductor |aser driving nmeans 600
-which drives the sem conductor laser 10 is constructed by: the DA
converter 14; the'switch neans 13; the current source 7; the D A converter
15; the current source 8; the switch neans 11; the D/ A converter 16; the
current source 9; and the switch neans 12. Next, the operation will be

descri bed. T%g g@(ﬁ%k%ﬁnm &htehgx%"gaeggrgc%v#g%oﬂie&t R%ﬁ%%mBW%ﬁI&{ llaser 10

IS received ot odi"od € generated photoelectric current is
converted to a valtage in the jtor_ circuit ¥-T g d ' from
an opt MO TRk ﬁgypgrf &,'hgi ’eparrboéj%%#%npé‘gﬁg]%el & g%rc% 30' %%e VR
whi ch is set by_the erati,on _cjyrcuit and oyt putt fr e ad)
conver 3P4 ?ﬁetggl?g&&qo QQﬂfrigﬁ?Bragigfﬁﬁﬁgg g&?dﬁ%ﬂéﬁé&é%@
the servo anp)ifier 5, anpnd thereby, a reproduction, curren contral _signal
5 out FRASAARG HPARHTBERORS i R $ 5 HeT G TG CARAPE SPGB ng. o
state of_ recording/reproduction, and at, t hﬁ regrodﬁct Lon from%%ﬁtiial

di sk, (HEFEE RlucEhensappdeshold Rixtust ghal 2P E8EpRY B SCFV rtent
source 7, and the current source 7 flows a current througg t he .,

seni conduct Fupthesser semiconsictor dnsek cir bH1IpgwELeapr 880 MYl ng to

2 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 perfofmed, 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



reproducti on power reference voltage VR is constantly outputted. On the

ot her hand, at the recording into an optical disk, the power of the

seni conductor |aser 10, as shown in figure 2, are nodulated into three

val ues of bias power PB, erase power RE and peak power PP to be incident
-on the optical disk. The bias power PB 1s controlled only by a bias
current Ib, the erase power PE is controlled by the val ue obtai ned by
adding the bias power current Ib and the erase power current le, and the
peak power PP is controlled by the val ue obtained by adding the bias power

t,lb, t )
respoct 188D, LnBonthatal s rodterd SarPoulnt e FHERBRRAIAS PG B0 L 1y
t [ ff ddi t.i f_th X '
cur  ent T PBrOBYCERERSRONET EERE TICRrT EhERGSaNry o By i SRR B o o,

f d by t [ f furth ddi,t.i .0f th K. .

Curront 1 p, 89 ERe ShPee Hikts A2 ThF cher ST BiPBORRT by B ot ERp LBt he
switch nmeans 13 which is switched by th VEATE si gnal. show ng_a statﬁ of
recor di Hagrepvegueti she senirendue BIﬁ@?th OpuBSuSREWTE i of 39T 6) 2

converter 14 is_supplied to the current source 7 to cqontrol_ the bias_power

currentar®. modndasedsdngondhnes reptues S Bips PoWely Bire SXAFRNPOYSHr ce 8

which is controlled by the DA (le), converter 15,  The pea éﬁf r cufrent
Ip i s sBBpanddpeakt pewed it deg cinoidanEnhons the ARtYSH %Ag't chey A

(I'p) converter 16. At the recordiqg, .
bias power PB is controlled only by a bias 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 power 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 current Ib
by the switch means 11 which is switched by data EFM1, and also
pefformed by turning on or off a furthef addition of the peak
power current Ip, by the 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



the sem conductor laser 10 is nodul ated, and the signal corresponding to
the optical output is outputted fromthe nonitor circuit 2 and the erase

| evel s are detected by the sanple-hold circuit 4 and the A/D converter 17.
Figures 3 show aspects of the optical o put waveformof the sem conductor
1aser 10, the output waveformof the nonitor circuit 2 and the waveform of
sanpl e-hold control signal. At the intervals at which pits are fornmed in
an optical disk, by data EFML and EFM2, the semi conductor |aser is

nodul ated with a pul se shape which oscillates between a peak power and a

bi as %ow@%@l%%;@?r@aom NashY dﬁnPérEéPEle@_th% ehker i,

const a is'outputted to erase a pit Iin a space interval
between .pits. Wile the | r..J dﬂqul | 90gS ReRd 4ihe opti cal
out put eﬁ?ﬂ*ﬁ?@gﬂﬁggraaﬁgﬁﬁ{?pee @ﬁﬁﬁg%£320e?n e?ﬁ%s%§§¥unsharpening
of signals occur_.in the hot odi.ode 1 h ' 9 G her eby
the outfRF*eSRRRILI% g? i O8F l(ﬁﬁbu?@‘%‘ll{ ng Hgggbﬁﬁg%gr (p\)fleyrﬁmn;%hét he
wavef orm does nof reach_.the Jeyels of t eak power. t m power
At t he ROREEQE| CIRERLIEpR angt 3:\‘?0&@59 Pﬁ%ﬁ?%g§ QF ﬁedgglg?:é:aﬁ%e(?af g'{ﬁé)wavef orm
cannot be reflected correctly. t he interval erg the erasing is

per f or P Rchekd F%nglttémﬁﬁgﬂqgﬁl Ry, CORBeREFET &/ m r eaches the | eve

of the erase power even when the unsharpeningigéﬁurs in the o

t
wavef orm ofFigieresndt sho¥ Ashacts hdthe cop y outpudy, KayS ’?‘?g‘fﬁe 29

3, a sanple-hold control signal ESPMwhich rises at the p 'nHl .
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. While the laser is modulated at high
speed and the optical output waveform is made a high-speed
square-wave, delays and ﬁnsharpening 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



when a predetermined tinme passes after the nonitor output waveform becones
constant and falls at the point when the waveform becones |arger than the
constant level, is generated, and the |level of the erase power PE can be
detected by performng a sanple-hold ﬁgploying t he signal. The sanpl e-hold
-l evel of the erase power is converted a digital value by the AAD
converter 17 and the operation circuit 3 perforns the process of operation
on the digital value. The operation circuit 3 sets the digital values
respectively to the DA (le) converter 14, the D)A (Ip) converter 15 and

the DDA (Ib) converter 16, and therefore sets. the bi.as _p r r £l b,
the er Sse poimplerhold FensRl if Gk Tl VEiFReAt FS %V*iehter?éjebég?%
control the bias power PB, the erase power PE ang the.&gak(p wer, PP. The
D/ A (1 hjherory eptedetidrmihedDtAmee PasfRerd B X 5 thgnForH Dy A‘qi‘? D
converter 16 are controlled as follows. Initiallg, j yst before .entering
t he reqaivhfgrstéceoméhecopetantoangd fabbgiag 3n@6’ﬁ‘P§cc‘,“g’é"§?n €4 pi ckup
contai ning a sem conductor |aser therein is perforned, and the %Eegaaion
Ci I cui tyaraiEd B t Secomgst harge® ddrarerthe gonstaptodeyel ofi s HEERET IS
amplifier 5 by the reproducing operation at the time when the seeking
oper at i gl CoR®! Bewdl 6fdthel exidme Wower bPEcoanebeedeteqteh ¥ the sane
output voltage as the detected one. Thereby the bias_ power PBis set. In
adm‘j(ﬁbrf$EmPﬂ§ratéampabuhdﬁdikmhﬁemisg3ﬁheh§19@@éh of the erase power
PP out putted fromthe sanpl e-hold .

The sample-hold level of the erase power 1S 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 b/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
séeking (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
operation 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



circuit.4 by the A/D converter 17 and increases/decreases the output of
the DA (le) converter 15 so as to obtain the predeterm ned erase power PE
For exanple, as shown in figure 2, in case that it is desired to set the
peak power to be twice the power of thge erase power, when the sane val ue
.as that of the DA (le) converter 15 i Oset to the DA (I'p) converter 16
Ipis equal to le, and accordingly PP = 2 X PE is obtained. Mre strictly,
PB is not zero and the erase power current le wth respect to the set
value of the D/A (le) converter 15 is not generally equal to the peak

power current Ip with respect to the_set val qi he (1 nyerter
16, andthgedenvede ofi Fh&RTITE JROBETt RE BPA’:P(”lL%e o’%ﬁ%‘Pt elﬁg%:‘gggbé%lde
obtained according to the follomﬁng operation., That is 88 shown in.figure
2, the edasmigodenitthert/Deconverterr Adn@NkGRTEIRFEF/ FREFERSFR ife
power only fromthe bias power PB to the erase power PE apd the peak power
cur r ent oultpuits of dive A r EEe) rednvertesc ASafn @S heC peReR1BnFYef r om t he
erase power PE to the peak power PP, and therefore, le : |Ip = (PE - EE) (PP
- PE) pRedetfPmin¥y drd{fE powdr KE.Le Float example, vasushoannchni figvge
PE)/(PE - PB) tines the value of le can be calculated to be set_to the DA
(1 p) copyerielcak®e thHyt petfbsndegisedhtoosetolthe prak PovErahe Beh&Mis
hold are not required, and it is not necessary to use the high 31 priced
parts whiheh powalt @hitgdhe serase opeweari, owhieor tiwe sametvalue 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 - PB) : (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-



phot odi'ode 1 and the nonitor circuit 2. In addition, in case that the
recording speed is increased and the nodul ati on speed of the laser is

i ncreased, the peak power PP, the erase power PE, and the bias power PB
can be controlled into the predeterm ngdq powers. (Enbodiment 2) Next, a
.second enbodi nent will be described with reference to figure 4. For the
same structures as those of the above- nentioned first enbodinent, the sanme
nuneral s are used. This second enbodi nent corresponds to the inventions as
described in Clainms 3,4,5 and 6 of the present invention, and it is

bl . : \ . q
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sem conduct.or Jaser 10 is construcaﬁg%3¥ethe ghoto 'odﬁgégand t he nonitor

circui P the, ¥i b8, 1pREeGFESUt Yt RRVEEnF RealrifSs6F 3ff EPWeRt ect s

the error between the output power reference value_ which is to be
out put B&¢ BR4 Hehe HirsnBAVESr BB &an he t?]%n§§°igﬁiioaﬁépi 5’#?% ust before

recording and the actual output power
predetermined powers.

(Embodiment 2)

Next, a second embodiment will be described with reference
to figure 4. For the same structures as those of the above-
mentioned 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 sﬁows a laser control apparatus according to the
second embodiment éf 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



val ue at the reproduction, which value is detected by the sem conductor.

| aser power nonitor nmeans 700 is constructed by the operation circuit 3,
the DA converter 6, the servo anplifier 5 and the A/D converter 17
Further, the sem conductor |aser power ggontrol nmeans 900 which sets an
-out put power target value to the sem conductor |aser driving neans 600 on
the basis of the detected result of the output error detection neans 800
is constructed by the operation circuit 3. Further, the output power
target value correction neans 1000 which corrects an out put power target

val ue qn the.basi Sy ShstheeFlid FedHaPngf ahfiethul pt il (dwtpemipowenct or
| aser Qﬁ?ﬁﬁ%g neans-after setting the output power target value is

opor at [ EATUF 14 bEABOEEPERRIC A0 P YFLEBCLR GRL Y matns 15

operati ‘he recording, by the switch nmeans 13
which is switched by the WGATE sj . ] a79oatis Honstructed by

r ecor di P+ EPP HﬁE?iioﬁr?sﬁ?ep(ﬁWep%JgE@l%%{; Lf)ﬁﬁs(??) Converter 14 1s
supplied to the current, source 7 t.0 t ' RGBT MFg ent |'b, and
t he opeflgi OPCERFEAN: Cércd‘é'tte?t's tHe lgﬁ‘?péghg&t%ﬁ? ?Z'r VO arrspl ifier 5 just
before entering the rec?%gin stgie bg the,A'D converter 17 and sets the
DA (1 BmebhbieEer 22% & \fﬁhh‘é RYGR-Bhit plt voltage as the detected one.

The invention of Cdaim4, in this_,second, enbodi sg@ the
i nvention i NEWAEBATY hEDG,SRRIINIREERF Alaser LIGR: cBhGBT sreand

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 descfibed. 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,



(I'b) converter 14 is input to the A/D converter 17 and the output voltage
of 'the DA (I1b) converter 14 can be detected. Then, before or after the
state is switched to that of recording, the output of the servo anplifier
5 and the voltage of the DDA (Ib) conggrter 14 are detected and conpared
ain the A/Dconverter 17 and the operation circuit 3, by correcting the
set value of the DA (Ib) converter 14 so as to nmake the above detected
and conpared val ues equal to each other, can correct the conversion error
or the offset voltage of the DA (Ib) converter 14 and nakes the bias

current value |b,due t h e SPWISEcH  tMbi elitpaktuefcahier ®AAt he
bi as p&RHESHRONKR AT e%étﬁgvgggﬁg uction current value It to control the

reproduction power, PR, _so.,the lLue of e Ph aSoRGP¥RLePBl7aankde tiset at the
nost stﬁﬂﬂaﬂ?QMﬁ{EFBflgiég 58§§F, quﬁﬁég,P?heosane val ue as that of the

reproducti on power PR Next, [ nt | ai | pet Blet escatedd
enbodi miput R eagenal Fbethgz|#ﬁ§1i%éé&€%t§%i%Eﬁéggfgfe recor di ng

operation at the rising of a drgive (an opti ot.di kepygoduci ng
appar atThen, deeferne erkafteget a?’ttia‘g"nEJ %t%ﬁ%ﬁcgjﬁg i:gt IEg/g’l ue of the DA

I b) converter 14 and the bias ower PB is_previousl [ wedadde
(()ut )put récodingy v'éheaﬁEFPPFePfS%bse REEE? eﬁnglFﬁé%AﬁDgggﬁ&zl%?gr 17 %\ﬁen

Fcor dio) Ghel DS $5b)vaPRYeSE e D3| BRCOChEa RO8 TRPETY dg g i n

aCCOfdi:ﬁg giiceiggrpagvgﬁéf%%éﬂgﬁgéﬁﬁﬁéﬁ'QEESGit 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 FB, equal
to the reproduction current value Ir to control the
reproductié# éower 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 feproduction 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



bet ween the'set value of the DA (Ib) converter 14 and the bias power PB.
To be nore specific, when it is desired that the bias power PBis set to
be lower in power than the reproduction power PR, for exanple in case that
PB = PR X 0.5 is desired, as describedgign the above-nentioned invention

-whi ch corresponds to that of Caim3, initially, before the operation of
recording, the operation circuit 3 controls the bias current Ib with using
the D)A (I b) converter 14, and sets the output power of the sem conductor

| aser 10 to have the sanme power as the reproduction power PR Next, the

toe(rtlgt é%?:lt%%icwn a%cf@f(?gﬁﬁéswﬂ:‘ﬁe thel ﬁ@wﬁ%’o@él&héb%ﬁnéabi‘eﬁaw-@ﬁ er 14,

outpu e nonitor circuit 2 by the A/D converter 17 via
the | e- hol cui ng gt 2 sgényarteroid BadDbhe Bids
conver WERT ) ééa"t's%f%% ggt gP%PPgAPB(tm & . Thereby, it can be

obt ai ned how rruch the current is to be smaller than t he reproduction
currenP¥@UER T to reduce the bias power by half and in the actua

e, oral 1 o ondie (WS oBPBRLERCon IR G U J8°FFe CPRSERE, Basy oet 10

bt d val d t her ef PB—PRXOS t
Che-  oPawen MibCmeret nEos BE JAMGE o e ACLTR) tﬁgo%é FOaRHRG (he’

obt ai newwes HR« Qﬁ%%“%%méﬁ%yvi%%‘é%%ﬁa@ao%%ﬁﬁié Rl B LEnHerzed

one of ;;ggﬂbégnigsthe above-mentioned invention which corresponds to
that 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) cénverter 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



As desocri bed above, the relation between the set value of the DA (1b)
converter 14 and the bias power PB is previously obtained, and therefore
the output of the servo anplifier 5is detected by the A/D converter 17
when the state is changed from the stajg of reproduction to the state of
-recording and the bias current value Ib to control the bias power PB can
be added/subtracted to/fromthe reproduction current value Ir to control
t he reproduction power PR, so the bias power PB can be set freely.
Accordi ngly, the optinum bias power PB can be set in accordance with the
ki nds of the optical dj e Qur W HnOWBPW1lwpael potimtisn
case ofcﬁﬁaﬁﬁi ﬁbtfaﬂ'él% }5; %%%%Fgﬁ?éﬂgwfggﬁﬁ or theljts case of setting
the bias power _PB =.the,reproducign s wdd )sé8 {raluehefcase
P,ﬁedﬁisgsrlmra‘ig%v S, t%ﬂlg r8% i b tvlEE e

of setting e reproduction power PR, and figure 5(c)
is for the case of setting the bjas Royer > pdusthpevpews1yPR,
respect £hel P/ANGIR) @RRY Eﬁﬁig 3?8 aFnl3aﬁ:#§W$§Hiecondbenbodinent,
corresponds to the invention in which, before the r i peLat ison sat
the ri sph§adned,d@nd fé?ﬂr?ﬁ%r?iﬁg? PHEPRA éﬁ 0 ebsg%‘;ecgn t %Qset val ue of

the DDA (I b) converter 14 and the conyerted vagl.ue of €; r 7
i s previeteicgeshty fdte AP b%O‘Pﬁﬁ?Et?ﬁeii f "R %%p%aa%?o}]é{:%%ﬁla%éa;f%ml

detects the output of the_servo anplifier 5 by the A onye r ¢{& when
the statbe stelrtenqfl repyePdRetipnt EOof ﬁt&ﬁ%tqgf?%gf%éﬂééétaatt e of

' di d decides th t I f the DDA (Ib

reeor Ig%éiqcugignéﬁ;alsésgb Zg ggngrol %he bfas)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 6f 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 relatioﬁ
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



converter 14 in accordance with the previously obtained relation between
the set value of the DDA (Ib) converter 14 and the converted val ue of the
Al D converter 17. In obtaining the relation between the set value of the
DA (Ib) converter 14 and the convertedgval ue of the A/D converter 17, the
-whol e 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
descri bed above, the relation between the set value of the D)A (Ihb)
converter 14 and the converted value of the AAD converter 17 is previously

obt ai ned, and theref or w t hqut, det ecti.n t _of e A

convert &tatp é\éﬁ?ﬁ?lﬁgi%g af‘ﬁedﬁ)cf)%t@ n\}-'éﬁge%erﬁﬁ?%lg% ?getisitga eI?/A| s((ic anged
fromthe state of reproductiqgn to the.state of recordin th j as current
val ue | BORYSEHRYT oté tHe BFSSTHERES I‘—”I%E“'{’aﬁ'bee RERVIOHD Yegﬁsr"‘l?‘&@ t he
reproduction current value,Ir to control the reprod (on__Power PR, a
aC(F:)or di FGLpticpePaieer neheusrts V4 é}é tq'b? f[%z? eﬁﬁ’i)ef:%gﬁri Tt ﬁe‘l Iﬁr}%i
(I'b) converter 14 and in the A/ID. converter 17 or the offset_ ocqgurs

t her ei nthensasvertricyabpe einthe /D CAISFERX 1b- haviP RREEHRENE, e as

that of the reproduction gomer PR (Enmbodi nent 3) Next, a third eg&gdi nt
wi || be redsdriidre batiweenctheeses vedus af £he { FR) saRBVert&L:

those of the above 37 nentioned enbodi nents, the sane nunerals are used and .
t he 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, and 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 current
value Ib to cbntrol the bias power PB can be set tb 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-



description.will not be given. This third enbodi nent corresponds to the

i nventions as described in Cains 7 and 8 of the present invention, and it
is possible to prevent an unusual output light from being radi ated
according to transient response of tkmag;production APC. Figure 6 shows a
laser control apparatus according to the third enbodi nrent of the present

I nvention. In figure 6, the sane nunerals as those of figure 4 show
sections equal to or corresponding to those of figure 4. Nunerals 51 and
52 denote resistors for using the servo anplifier 5 as a voltage foll ower

anplifier, numeral 18 denotes a.switch neans for disc t] e nonitor
i f cui men i ehedhemPegATEAt S 1 e (TRPScPUBCTRAS P Fer E% rlikghtlér%ans i s

turned on at the reproduction and, turned off at the recording in
accor datescmiphipueKitls ngtalbe SRy a recording state or a reproducing
state. Further, the output error setting neans 1100 whi.ch sets _the_out put

of the out puThésr thigdd: epbiosi NN CEVHEERORESefQalth F IR BBt 2 Bover
reference value at the recording is constructed by ,the operation clﬁfuit 3
and t hedekdribedeinecleimsest anded opfr EhPoRTREEN thd Y& i Med. A stk A
that there is no swtch nmeans 18 and the nonitor circuit 2 js diéecgl
connectsls & fbllke toe pireivents Arofunieuadr euters ldoht $ron heipy Farigte
waveform on the basis of the nodulated Iight of a laser js input to the
servo aaetbidengs thr amanzd eronitespdssei pfuithe? repradiqtad *hg: and, as
the gain is high and the )

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.

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



band is narrrow in the servo anplifier 5 generally, the output of the servo

anplifier 5 is saturated to the side of + or to the side of -, and by the
setting of DA (Read) converter 6, the output voltage cannot be kept at
the constant value. If the state in ygh 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 anplifier 5 by the
switch means 13, and is finally settled as the reproduction power, but an

unusual _out pu I ght ,accaqr di . t trapsient | $h ' adgatgd.
There i%lﬁSBb%o%I%ﬁiqﬁez§$%ég§%%§’dggﬂ'i%%ok%%igﬁgt gﬂfg%%?éing i S
perfornmed at  ever sector_.and in which SlC -1 £C d L,ens
exi st AABHgiSe ﬁ?VI%Rmﬁkﬁ,S?ﬂvﬁnagggg?g%rdgsgéﬁﬁs é?ﬁaq%%gd%?e gving
no un-recorded regi ons anpng sectprs en,.the recordi I Seperfarpepd into
the regPéntBRi SEANG 5 ‘?]ﬁegB}%cﬁg'ghMS‘Fgﬁ ttﬁe%%eecc#rl |eng§%va§ é?rggdy
perfornmed as shown in figure 8, there is such ssibility tha | pck j ust
after thheBrddR ofnder 33 \BY tthg RELEHBIEP s&?%. f(Pter?éi)r PR uﬁglegngpower
just after recording is large. On the other hand, accor iq@ %o theI%hird
enbodi nthe, owlipit Med tage FARRARSPESKPRL] At AESCAE T b1 F2 8 St he
recording, the servo anplifier 5is in the state of th voltgge %olloger
and t hetbet ptateolimgdhich cthel cubPukeisorpiyeased f@ theRt9%o°t eff nfihal |

and the voltage of the D)A (Read) converter 6 is .
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-recordéd regions among sectors, when the reéording
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



out put straikght. And, during recording, the operation circuit 3 sets the
out put voltage of the D)A (Read) converter 6 to be equal to the output
voltage of the D)A (I b) converter 14 at the reproduction. Wile, when the
state changes fromrecording to reprodyfing, the control signal of the
.current source 7 is switched by the swtch neans 13, when setting is
performed as described above, the control voltages of the current source 7
can be al nost the same before and after the switching. Next, the switch
nmeans 18 is in the on state and a voltage on the basis of the optical

Ci' Cui t CoTARA ook FHA S GLHRSS O, RBSB/ By e FF  conertegceriy |t

vo anmpliftier IS generally

narrow, the output of the _servqQ applifier 5.does no L USE s t he
smﬁtchiﬁgFPuﬂeﬁ&rqqﬁPanFﬁﬁgvogPﬁgggoFeFﬁgaﬁW%Tk %@%@%E%g# El?&%ﬁ%e
gradual ly changed to the reference | evel of the reproducti p r to
be tranéféﬁﬁ@dtb@tQRFEH%uY%%E?9esP§t€%8fDVﬁe( od%%?Y%ﬁgssmgrﬁgoggrol
In this way, the transient resgonse at the_swi tchi hg can ' h”LEGQh%pd

| be m
an unuseaualofopdthe jHEPkc¥PdFAget 8Lt tRFs Ddh Q&boﬂgﬁvﬁﬁﬁeﬁegsuppr essed.
APPLI CABI LI TY I N I NDUSTRY As described above, the |aser control apparatus
accor di mgprodudtaqn esent invention is useful in being used for 40

controlling the power of the sem conductor |aser in the, optical pick-up,
whi ch | aser pévifle mevherotliengtaspr changesn finam/feepiding 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
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



an optical recording nediumsuch as an optical disk. It is particularly

sui tabl e when used for controlling the optical power stably when the
output light is nodulated at high speed. 41 CLAIMS 1. An apparatus which
controls a power of a sem conductor Iaiﬁr in an optical
-recordi ng/ reproduci ng apparatus for pertormng recording/reproduction
into/froman optical recording nmediumby a sem conductor | aser,
conprising: a reproduction power nonitor neans for nonitoring an output of
the sem conductor |aser at reproduction just before recording; a bias
power settin ans f.or ttingeza. bia [ I i L Qi r

out putt 8n5§%}ﬁ:§'n§erﬁ}%eor%€%%%rgf€a§§? %F%%\p'ﬁogoar’%%gro*gﬁgfgkﬁn%@t% opcialllcal
recordin dium .t,o.a . senm conductor laser driving nmeans,on the basis of a
moni t or PLGKFHE- o WRIRE LEFSHRET SR BSuES SR Hearadug R Lgp, da e fron
nonitor means .for. nonitorjng an_erase power which js ower outputted by
the senPBoRBEICEL BREQT NI FESRHE B @ﬁ[ﬂQsPQﬁl?ﬂﬂ abgﬁcal ddt di ng
medi um by  sanple hol djng; an erase power setting neans for setting the
erase pBdgticudazdy fBht cvBen| used forisRptiehking the 885%9%% a
nmoni tor val ue of _the erase power nonitQr _ neans; and a peak power setting
means fBPWEE: StAPLY 8D peher OWkPEE light Fsimafilirbed aht Bagbe§PRES-he

sem conductor | aser at



recording of- pits into the optical recording nediumto the sem conductor
l'aser driving nmeans, by operating a nmonitor value 42 of the erase power
nonitor means. 2. An apparatus which controls a power of a sem conductor

| aser in an optical recording/reproduciqg apparatus for performng
-recordi ng/ reproduction into/from an opﬁical di sk by a sem conductor | aser
conprising: a photodiode for detecting a |ight of the sem conductor |aser;
a current/vol tage conversion nmeans for converting a current of the
phot odi ode to a voltage and outputting the voltage; a reference voltage
source for deciding a reproduction Qﬁﬁﬁﬁf f the sem conductor |aser; an
error detection neans for detecting r between the voltage outputted
by the current/voltage conversion neans and the reference voltage; a
current source for passing a current through the sem conductor |aser; a

reproducti on power control systemfor. connecting an output of the error
det ect ibn nANMRPPArARBSC Wiy CHRFTRQLS HPOVBHL Pl B ﬁfﬂiﬁ?qiﬁﬁQREwtion
power of the semiconductor |aser; a bias current setting neans for deciding
a bi as kageenin ap pptisadedaanisligie ArrPEeduebRguaPBaraddw for swit ch

means for selectively sw tching between an_out put .
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 recording medium to the

semiconductor laser driving means, by operating a monitor value



of the error: detection nmeans and an output of the bias current setting
nmeans, and at the reproduction, connecting an output of 43 the error
detection neans to the current source to formthe reproduction power
control system and, at the recording, ggnnecting an out put of the bias
current setting neans, instead of the tput of the error detection neans,
to the current source; a sanple-hold neans for sanpl e-hol di ng the output
voltage of the current/voltage conversion neans at the recording;, an erase
current setting neans for deciding an erase current to be passed through

t he senigogguctor | aser; a peak current setting neans for deciding a peak
current 9t 5765eSpE5S £ lﬁ%P%% T sBRfB8nduct or | aser; and an operation
nmeans fQor operating set values of the_erase current settqu ans and the
peak cufren séPPP%&9H§m§i¥§$t?@PtBSQ?saopqw?QMR W el %gEFH@r

sanpl e-hol d neans. 3. An apparatus, which contraols a power of a

seni cond@EEBr 10| 8PPt G HRTRENLIRELBEPBFRGMCERD ARRHR BpPaf@¥us for
perform ng_recordi ng/reproduction into/froman optical recording nedium by
a seni ceRufervingayecordimse/repgeductéancandedifaion aneropiral ndkskoby
means for nonitoring an output of the sem conductor |aser; an output error
det ect i ®nsepiaonflucteat daxsery aFemprdsinget ween an out put power reference

value which is to be outputted by the sem conductor |aser at reproduction
j ust 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



before recordi ng and an actual output power value at the reproduction,
whi'ch value is detected by the sem conductor 44 | aser power nonitor neans;
a sem conductor | aser power control neans for setting a output power
target value to a seniconductor |aser drijying neans on the basis of a
detected result of the output error detéction neans; and an output power
target value correction neans for correcting the output power target val ue
on the basis of a nonitor value of an output of the sem conductor | aser
driving neans after the out put power target value is set. 4. An apparatus

whi ch con ol s a poyer a_sen can uct |.a n tigak

recor di nd? ﬁ?ﬁ&ﬂg %ﬁﬁ%?ﬁtﬂ?anr orT €%?%%cdg%r§§/$éproguchgn
into/froman optical disk by a se con uct aser risi
photodrmﬁ?HQﬂéﬁﬁﬁ¥Rﬂr9@V%?lF@ﬁFrB e QRénhﬁﬁcﬁh ggcragng,
current/vol tage conversion circuit for ,convertin current 0

phot odi o&@nneGting apoutRat ofEpthe fd ashEunst gfag%etﬁl?%f‘éﬁéﬁée Q&Sttfgg
source for deciding ar groductlon power of the sem conductor | aser;

error anmf file quitputpd fyhﬂgeﬁreﬁfﬁ&ﬁﬁﬁﬁ$Qﬂﬂﬂﬁ§#§trﬁP QBFtﬁﬁerSHFputted

by the current/voltage conversion circuit and the reference voltage;
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. An apparatus which controls a power of a semiconductor
laser in an opticel 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 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



a current source for passing a current through the sem conductor |aser; 45
a reproduction power control systemfor connecting an output of the error
anplifier to the current source, to control the reproduction power; a DA
conversion circuit for deciding a current, to be passed through the

sem conductor |aser; a switch neans for ‘selectively switching between an
output of the error anplifier and an output of the DY A conversion

circuit, to nake a control signal of the current source; and an A/D
conversion circuit for selecting one of an output voltage of the error
anplifier and an output.voltage of the D)A conversion circuit, and

subj ect iTRF PP VETE H[RRLEGT(MGARSF  conversion: wherein a digital value of
the DA conversion,ciréuit i s.decided on the baiis of a i it@ #ﬁngaof
the A/ D conveé? sTORICPRABFEOT AAASEE BWS e PRFhgT PREPSUESE SSTHYY & ror
anplifier is swtched over to_the output of the D/ A cgnversion circuit and
the cur reHIPWE ROESEFRrEGEL YRS tO rﬁ?Tﬁ?%BSuSF°§n 8554 IR ch
controls a power of a sem conductor laser in an o

tical
recor di MganHroruehageaspar afud ﬁ@Feﬁiﬁqcﬁ?ﬁ%btr@Eo%ggnQPFBBﬁo&ﬁﬁQQm

into/froman optical disk by a sem conductor |aser, conprising: a
phot odi sirtécticrtmeansy anfi ght of the semi conductor

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, An 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;



| aser; a current/voltage conversion circuit for converting a 46 current of
t he photodi ode to a voltage, and outputting the voltage; a reference

vol tage source for deciding a reproduction power of the sem conductor

| aser; an error anplifier for anplifying a difference between the output
vol tage of the current/voltage conversi R circuit and the reference

vol tage; a current source for passing a current through the sem conductor
| aser; a D/A conversion circuit for deciding a current to be passed

t hrough the sem conductor |aser; a switch nmeans for selectively switching a
control signal of the current source to.swtch between an output of the
error anplif} &° UGLHOR pBPWEF £RETHPA BHRETR ﬂrc??BﬂﬁFglﬁﬁ'Eﬁb
conversion circuit for subjecti an anal og signal outputted fron1tQ§_
current F\V&lﬁ‘lé?gé’fcd?%r%lf%ﬂrc?’f“@gglflﬁé' W & %Ig%ﬁ%Fs?‘gﬁfcéndt8utcﬁﬁ{ Hy

t he converted signal; and an operation circuit for, in a period during

whi ch ftéeor@ERRPIRCHRAN RPYBEed, outputting a digital signal to the DA
conversion circuit, reading changes in the output signal of the A/D
conversi on cia QiR caersion gizpaige fordrcidingvr curgeptsiond® to a
change amount in the current of the sem conductor |aser, and at the

recor di pgssed faitndugh ttthke 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. An apparatus which controls a powér 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



di gital - signal val ue obtained above to the D/A conversion circuit. 47 6

An ‘apparatus which controls a power of a sem conductor |aser in an optical
recordi ng/ reproduci ng apparatus for perform ng recordi ng/reproduction
into/froman optical disk by a semniconggctor |aser, conprising: a
phot odi ode for detecting a |ight of the sem conductor |aser; a

current/vol tage conversion circuit for converting a current of the
phot odi ode into a voltage, and outputting the voltage; a reference voltage
source for deciding a reproduction power of the sem conductor |aser; an

error he' kK "ﬁaﬂétywﬂo&edkéfgrggg%ap%fe W?Z@e?déﬁce b f,u%gzalet age of

t he curr nFFvoItage version clrcui e, a
current sggrce for passing a current through the sem conductor |aser; a
repr odulPi-6A95dwer control system for connecting an output of the error

anplifier to_the current and_ _control] i r ower; a
D/ A conver si Bn (ﬁfre(ﬁﬁnth of® Oj&l%%ﬁ’% RgUECEu PEnE etc&%&é{bepa?géegdld#%é%gg Bt he
sem conduct or ; a swn%g%uneans for selectively sw tching between the

out put BPW?Fe°§r SAMFGIRFUCHAT ahaBEEput of the DI A

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;l

an A/D conversion circuit for subjecting an analog signal
outputted from the current/voltage conversion dircuit 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.



conversion circuit, to nake a control signal of the current source; 48 an
A/ D conversion circuit for subjecting the output of the error anplifier to
di gital conversion; and an operation circuit for, in a period during which
recording is not performed, outputtingus digital signal to the DA
conversion circuit, reading changes in an output signal of the A/D
conversion circuit, obtaining a change anount in power in response to a
change anount in the current of the sem conductor |aser, and at the
recording, outputting a digital signal value obtained in the period during

which e Teeoliiditheds AL RELLNUIRAS (2. pdiel) e CaNNEhICBAdUIGE L. 7. AN

appar atus Ic s a power of a semconductor aser In an optica
recordi,ng/ repr.oduci ng_a ratus fQr ' e ' epr.Qducti on

ot of £ RS BbAt gPE FERD, kg msna o Ehd CaRR e AR EeR
conprising. a sem conductor ,l aser power nonitor._neans f It Ofsi n
outpthﬁé%9ﬁ9¥ﬂﬁﬁ¥ﬁﬁﬁﬁ %B?/Fsya%dﬁﬁgiﬂﬁ;ﬁRt%4¥5? déPegéFg%g%bgﬁé gp?
detecting an, error between_an output .power reference value to be outputted

by the @ S8R R | RRE8PTat CPEHIAINT on just before recording and an

actual output power_value_at the reproductjon, which value, is detected by
the sem condudRRtPGLREAE HERES dﬁ&rﬁct%“%rlisj;é]%t s%*'n’ EBﬁdESP‘éF" UG er

control_neans for setting an output power target value to a sem conduct or
| aser dr3SBhy

a current/voltage conversion circuit for converting a

current of the photodiode into a voltage, and outputting the
voltage;

a referenée 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;



means on the. basis of the detected result of the output error detection
nmeans; 49 a switch neans for nmaking a state between the sem conductor

| aser power nonitor neans and the output error detection nmeans OFF at the
recordi ng, and maeking the state ON at t@f reproduction; and an out put
error setting neans for setting the outﬁ of the output error detection
nmeans so as to be equal to the output power reference value at the
recordi ng. 8. An apparatus which controls a power of a sem conductor | aser
in an optical recording/reproduci ng apparatus for perform ng

recordi ng/ reproduction into/from,an qptical disk by, a sem conductor_ | aser,
Conpr i si ng: - EIbIA BT ORESF SLOBOLLENRY £9T D IRC YRS sERFCONGBEEOPE (heor
a current/vol tage conversion, circuit for converting a current of the
photodhﬂﬁ¥QE)%WR%#?%@%,tanélﬁaFﬁ&tFﬂﬂyqqﬁioﬂiﬂﬁ%ge; a reference vol tage
source for deciding a reproduction power of the sem conductor |aser; an
error -anpl i f iadt IRRTrARPPRT ginguatdifrier dit & Rexked dwsinguwBichyvol t age of
the current/voltage conversion circuit and the reference voltage; a

cur r ent respwstingripaset npenfounednt outratifiindea degd tahdaignall soethe

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 periqd during which the recording
is not performed, to the D/A conversion circuit.
7. An 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
én output of the semiconductor laser;l

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 a semiconductor laser driving
means on the basis of the detected result of the output error

detection means;



a reproduction power control systemfor connecting an output of the error
anplifier to the current source, and 50 controlling the reproduction power;
a D/A conversion circuit for deciding a current to be passed through the
sem conductor | aser; a swtch neans for4%electively switching a control
signal of the current source to switch between the output of the error
anplifier and an output of the DA conversion circuit; and a switch neans
for cutting off an input fromthe current/voltage conversion circuit into
the error anplifier, wherein at the recording, switching fromthe output

of the error_ ampliti el o the oytpyt ol Lba .l ASONNST SR Cirouit s
r o}

per f or med t o2c8H nt e current "source, as well as the

i nput fromthe _current/voltage conversjion circuit _int t rLo i fier
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conversion circuit to the output. of the error a i fi.er is er o]
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current/vol tage conversion circyit is connected to the input to the error

anpl i fi 8E, thRJrEREOFRAERIY ANehe reference vol tage source, which decide

t he reproduction power, have different values at the rec rdiq? aEd %t t he
YPRUFs©
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perforned, the voltage of the reference voltage
the output error detection means so as to be equal to the

output power reference value at the recording.

8. An 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 sémiconductor 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



source .i s changed passing through at | east one internediate val ue.

50

controlling the reproduction power;

a D/A conversion circuit for deciding a current to be
passed Ehrough 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,
wherein

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,

at the reproduction, switching from the output of the D/A
conversion circuit to the output of the errdr 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.



