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2 0 ‘MAY 2003 i ~ The present invention relates to a | aser control ﬁpaiﬁaQMﬁ’
nore particularly, an apparatus which carries out power control &

Ssemi conductor |aser enployed for an optical recording/reproducing
apparatus, and can control the optichl power stably even when an out put
light is nodul ated at high speed at the high-speed recordi ng. BACKGROUND
ART A semi conductor |laser is generally enployed as an optical pick up and
the like in an optical recording/reproduci ng appar at us such gg,@a. CD pl ayer,

a witabl ”’Wlmm an erasable CD-RWdrive and the |iKke. power of a
sem condu "ﬂMrles gr caDESCROPATONr dance with a hange
or changes w thypassage of tinme(lifetime)) and therefore"ﬂ”wmm mmmmgsary
to carry out pomer control for stabilizing the power whe

sem conductor |l aser as a light source in an apparatus for perfornlng
recordi ng/ reproduction i n{X4gKr CCORTRON! APPARATUS di ng nmedi um such as an
optical disk and the |like. Such prior art sem conductor |aser power control
appar at us . ,, 2 2 0 MAY 2003 is disclosed in Japanese Published Patent
Application No.Hei.1204224 in detail. Figure 9 is a block diagramfor
'lluéﬁéﬁﬁieﬂL E% gr art semiconductor |aser power control apparatus. In.
figure; nuner f 0 denotes a sem conductor |aser for radiating |laser |ight

to an optigal g%gghF WoRfele o 01 £%e 8 £80h0Thede Eohtkeleaypirdts,

irradi ati on em conductor | aser 10; nuneral 2 denotes a

;i h di : |
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ottom |l evel of the output from

“the monitor ¢ir tﬂgg I?ﬁ} D9t £5raafabpkechal d circuit for
(sanpgghﬁlﬁeﬂbc?ﬁéu%&%%pt (ﬁ% 1%%n|torrc?rc§?t 2; nuneral 22 denotes a
peak_hold.circuit f I 8 tgggpqgngr ide noni t or
ci r cGEEO3AL H82§F8F°%§4¥%ﬁiéé?a_con glrgﬁlt ? outputf?ﬁ% afirst, a
second and ird d|g| S r ndingoR1a tkid@at efigpence
vol t B§¥® 5%8%2 eeBSMePhﬁ% é?gﬁﬁgaﬁg t%ﬁéﬁe g a peak power reference
vol t age P ti tes a D/A converter for converting
t he FgF?P |g§ﬁ§l |gna #Fnﬁ%éﬁ%g§9the control circuit 19 to a bias
ref erence vol tage; nuneral 27 denotes a D/A converter for converting the
second digital signal outputted by the control circuit 19 to an erase

refe§g§ pgkb AR nunmeral 28 denotes a D) A converter for converting the
thir i gi S|gnal outputted by the control circuit 19 to a peak power

reference,val tage, sunEraly 23, fepot §enaratiyo eailloyledead @in @py@idang the

pick up and the like in an optical-recording/reproducing,

apparatus such as a CcD player; a writable CD-R drive, an

(:} arasable 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 éémiconductor 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 apparatgs



(

1 3 2 0 MAY 2003 bias reference voltage outputted by the D/ A converter 26
with the'bottom|evel which is held in the bottomhold circuit 20 to
anplify the error; nuneral 24 denotes a servo anplifier for conp a iMY tzﬂ%a
erase reference voltage outputted by the D/ A converter 27 mnth a

sanpl e-hol d level 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
hol d I evel which is held in the peak hold circuit 22 to anplify the error;
nunerals 7,8 and 9 denote current sources for generatlng the currents
corres p8§.‘9.|:@8s%€1 he S ObubliEsEedVPaganti Appild 3 ivh MNel. Bei . 1-
respective nuneral 11 denotes a switch nmeans for disconnecting the
curr ugge jtih the semi conductor |aser 10 in accordance Wth data
EFNHSB%a%gr%ﬁ f%tgénotes a smntch means for disconnecting the current

source 9 w.th th CH!%B{BE gean 0y B13geerdaneRy W W Lok aaFEMR.
Next, the o nggt?oﬁesrvua[ dg% ed. Arportlon of ?%e out put Iight from

the sericonductor, Laser, gpoovssrr@swsg Qbphia ot oot ey L he

geneFSPEGOBAEE Urrent 1s conve to a voltage in the nonitor
circuit 2. At uction fro i f ULd&&p power
r ef ePEMEEFo % (Z?ge’\?%'ﬁﬁl%hs?né oulg’a&'fq’t9 % ggge% sf%f tr‘(%\%lﬁﬂﬁg) converter 26

serving. as a reference Yo a I e ned by
the BéEREmMERoRR ARG é%l%g %ﬁ%g%o?dfiga\é?' r?tésa%u putﬁcﬁiﬁgbfrrgﬁl t or

circuit 2 are 2003 4 co d 5gg% 28pand a
curré’ﬁFellé’lﬁ‘&Jssté?f t’fﬁ’%ﬁ‘ih% nsind cttg’r% %%glé'?:%rf\(/sﬁb eiézﬁélr‘eﬁ? source
7 which is controlled by the, conpati son.r 3 so

t hat nmegFdodudsnFSd rm?¥?EBFr8§§SHa|ng%fb%Fﬁ% repr dﬁ??%d%ﬁggﬁgr
reference voltage VR is, constantly.,.qut i opti cal
di skof aé'—h%ékﬂ?qqplf‘?%%r% Va1 3 é) %/@ % ﬁg sem co qu&ﬁilé‘a.’rs.i;cr:&?g i's

nodul ated into the three v Iue

R , d
peak fesndro lsing rPerl%%'ilt?’Ec °Fs b&rf’ %& |f%°g?{%§eeoptl car :jlcgk a‘rll'hen,

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 corresponding to a bias reference voltage, an erase

| (af 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 biaé reference voltage; numeral 27.denotes a D/A converter
for converting the second digital signal outputted by the
control circuit 19 to an eraselreference 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; numerai 23 denotes a servo amplifier for comparing the



portion of the output light fromthe sem conductor |aser 10 is received by
"the photodlode 1) and a signal corresponding to the optical output is

- outputted fromthe nonitor circuit 2. The signal fromthe m)thrO (MA’YCIZI]@?»Z
is held by the bottomhold circuit 20,the sanple-hold circuit 21, and the
peak hold circuit 22 respectively, ad the bottomlevel, the erase |evel
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
DA (Read/ Bias) converter 26 serving as a reference voltage source in c
figure 9 to switch over fromthe VR to the bias power reference voltage VB

cor neigwnck feréncé heobtagepowepulbBedl Mg, Rilks MAEEofieéetenceevalithge VB and
the voltage which is held in the bottomhold circuit 20 are conpared by the

ser WhealBitidfdk’ 1vel aRHiahCHEr Bolld SrPasRehdt¥sivdoldecsepusendaciey | aser
10 by the current source 7 which is controlled by the conparison result 2

0 MafnA008, scind ELEYP; aﬁﬁh\b.fcaqr 243 g dded 4 meeﬁ;@smwﬁrffleﬁ g6kl espondi ng

to the bias power ref erence voltage VB is constantly outputte Next, the
It
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anpl'i y passing-an erase power curren Foug

e Bpteale i bEn 137 19 CLer%;”fds%ﬁ%pgéeﬁﬁfges%%;af: .
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level which is held in the peak hold circuit 22 to amplify the
error; nﬁmerals 7.8 and 2 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 EFM1l; 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 -



fromthe peak hold circuit 22 by the servo anplifier 25 [aser 10 with the
peak ~ power current further superposed on the erase power cu rngAPYZUBBG
- current source 9 which is controlled by the conparison result “of 'servo
anplifier 25. Meanwhile, the erase power PE and the peak power PP are
turned on and off by the switch neans 11 and 12 which are switched by data
EFM 1 and EFM2, respectively, and theétefore the power of the sen conductor
| aser i s nodul ated between the bias power PB, the erase power PE and the
peak pewhipdFtd Abyshtne@ iserbvogwrmplifiéhe28ntadala atunent ishepeamdeldat i on
is perforned between the bias power PB and the peak power PP is the
interv : i i ‘ WEFE Ckrhi when
the sw E%uﬁglaﬁggl%@éﬁég%?%tg\q?%%ﬁ 1?’?3&&%%0%n anlgng‘ﬂfr ctreregpg’g%li%\?gl Y,
the infervals at ich the value of the erase power PE.L.sS LNt ained are
the i nisreatofied By fhe SotbaidsRberonnlt S adtaraampliiFropacas that
formed. The three power values (the value of the bias power PB, the value
of theaereproguntiormowed PRecosresponding tedheassprodmctian pemEH t he
desired power val ues by changing the respective reference voltages of DA
conver eferetfve ¥élauge AR sier vongtantlyheutpiatedce vol tage sources. The
conventi onal - sem conductor |aser power control apparatus is constructed as

above, and i FECREIEIMREh DIAGOAT olighkahs! BROANHS fhlupeak, ank bottom

of the sem conduc ser shoul d be predeterm ne tting the powers

f k and b f th i - ' ' drive,
o ko 9 R, SR AL 05 Bl Wi g, SR

performed at hi gh speed by such as so-cal |l ed doubl e-speed recordi ng which

( per f or iglnesopdii Ripsf PENer X BancEa? agewen Mk oraBgedeathi BAMGOUNTs to N
"times (Nis an integer of 2 or above) of the reproduction rotation speed of
a nusi th€kebyayecoadingr é§ eperfermederialtyp, the -apticatedisky t Thiemr @ase t he
nodul ati on speed of the laser to a higher one, and for controlling the

l'aser poweiort of Ue hbtiltpeite etk dbat | Ble EBfmicYIMBAELGNaAlas®INSIO UDY | On
requires to detect the bias power PB, the erase power PE, and 11 20

P horo b B ANcBrEodigtiest durn iphhl SEUaRIRL (S EecUl,
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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



That is, even when the |aser is nodulated at hi gh speed and the high speed
nodul ated light is incident on a nonitor photodiode, if a photozii(]oﬁmYaﬁﬂ{lBa
-~ nonitor circuit having | ow response speeds are used, del ays or unshar peni ng
of signals would be generated therein and unsharpeni ng of a nonitor output
signal would al so occur, and therefore, as shown in figure 3, the optical
out put wavef orm cannot be correctly r&f | ected on the nonitor output and
even if an output signal of the nonitor circuit has becone of high speed,
as t he ofi gepvo hepptefied§ 28 goethapette Biag ¢rivet i PB ebtrespoadinl tbe
bottom hold circuit and the peak hold circuit are | owered, thereby nmaking
it difficu t =\ i vel shoul d be
det ect fég%céé?%ﬁvyép%rﬁgggpg #o‘g{ﬁtlaﬁ% o??e?w'? gﬂé’s\?&Q{ﬁ h(g‘gg&grrt%%)cf'ens, it is
required for_a m)ﬁiétor circuit, apﬁo,tto hol d c'grcuit, and a peak hold
circuit to M&&%Et Hee &hass RAYehPH ghodleduedSyoremPIHAE e E58FEi ng in
an increase in costs. The present- invention is made to solve the ' '
above- pawepmedepenbeevsltage Nag outputtedobyethe t /A (Bradeeh cloasesrteont r ol
apparatus which can performa stable power control even at a hi gh-speed

nmodul aRPserwengt Asughrefiedii e Fcdtapei silirce avd MiYe Z6QEpatphr@iradthde and
a nonitor circuit which operate at a relatively | ow speed. DI SCLOSURE OF

| NVENTLGhh pee gl ¢iteufd 2y %etg@%rﬁﬁ?%ﬂﬁ'&vﬁatéﬁ& bylEhgsidghani ded
a laser control apparatus which controls a ‘power of a sentcon uctgr aser
in an optical recording/repioducing,apparatus for, perform .

Fecor dERBRPoBPIRI CHT Ty PP PRI Fhg SEBCONA P tPTdaRe: Ak Bjth the

.sem conductor |aser) conprising: a reproduction power nonitor neans for
noni t oErA§CaRONRH GUIFENth SURatiRasad @vtheabiasapomarn enreendnbyuthebef or e
recording; a bias power setting neans for setting a bias power which is a
m ni nuenoeert sotprciet 8d wilyidlneiss emintootlect by theekcomhpaeisuoni rgswlt pift s
into the optical recording nedium to a sem conductor |aser driving nmeans
on the gkagbsafipAfiepnp40or value of the reproduction power nonitor neans; an
erase power nonitor means for nonitoring an erase power which is a power

out put{ od byrihAETHEAHIT pbIAT 1B B WA 'BF1 oB Sabing enePt | ca

recordi ng e sanpl’e-hol di'ng; an erase power setting ans

setting the erase power to the .semc uctor laser .driw ng ns,on,the
basi s %cagc BN D (/e\gl%ﬁgn&e t‘ﬁ%ﬁﬁgﬁs%o%‘?p%ﬁFﬁorb%ghg; da?;% ipﬁg power
setting neans for _setting a peak power which is a maxi mum power outputted

by t he CORNISRIUEBOPETHNS ax & SEIFIANRE oPIfRES $oMECE Andpthe SubPRE o

t he sem conductor |aser driving neans, by operating a 2 0 MAY 2003
from the peak hold circuit 22 by the servo amplifier 25 laser 10

with the peak'p‘ower current further superposed on the erase
y 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 fhe 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 sho,wn in
figure 3, the interval at which the modulation is performed

between the bias power PB and the peak power PP is the interval



9 noni tor value of the erase power nonitor neans. According to Claim1 of

t he present i nvention, the | aser control apparatus is constructe§ iyﬁpemﬁa
*and therefore detects a power at reproduction just before record'Ag d
operates a bias power, and) as for an erase power, detects the power by a
sanpl e-hol d and operates a peak powef 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
r nonitor circuit are enployed, since the tine when the erase power is
bei ng outputted is relatively long, the erase power can be correctly
detected by the sanple-hold and therefore the stable power control can be

r eal az ewhternpitst heehifghrmpgkah mivell ttack, Asddwebeni thé swdkeh since the
time when an erase power is being outputted is relatively long, the erase
ponwehesas e dAafetRedreoriredtey dtatte sefpdr- Aaldofé&ndregpetitivalng this, a
| aser control apparatus can realize the power control stably even at the

hi ghgreednfegvhaki af, wiMerh WiRD vial v 6PeeHe Nepraker ppvero®Eods and a | ow
speed nmonitor circuit are enployed. According to Claim?2 of the present

'nveﬂﬁiﬂﬂalﬁaarﬁrbstkaﬁhﬁﬁiﬁhléﬂﬁﬁefénﬁﬁQ|sﬁHEérﬁbH&eéhl@Ht%p%hk9|S a
power of sem conductor | aser in an optical recording/ reproducing

gppaéf‘éé'édf 2§dp§£358%'§‘ Bed '/ Iape OLlEbLOBolyBOLRI BN o | cal di sk

sem conductor | aser, conprising: a photodiode for detecting a |ight of

the §§ﬂ:§°8?“€h8rb 23Chowk:rC PE erﬁﬁérfoééfﬁ’é SE”EQESEQHs@? BwerOrpEcONVerting

a curren oto o e to a vo 0 MAY 2003 and outputtrng

the %Rété‘ﬂs vl LSf SRR :ﬁ:@&ﬁ%ﬁ&” >f9£ndsshgaﬂgt§0;a§gq%el on power

€ Ssem con UCtOf |'ase an error etectl on neans etecting an error

bet S\Pef h@aiﬁékagg 9:‘1’1%91 %? the tf@s ?f@é/ YELRGREOPUE LS rgyans and

“the erence vol ent sou passing a current through the

Semﬁ?ﬂd#S{lﬁErEg§‘§r2 rzezp Qe %ggﬂﬁe §8NERQ! rBYSLERLEOYAqRHRFL I NG an

out pu ST 6rror “dét &ct ion: reans current source, ~controlling
the L& €£8gg ction power of the sem conductor |aser; a bias current setting
means éciding a bias current to be passed through the sem conductor

aser; 2 ML EB,0RART ohdh WRhAtdadildeoi 120LAIpBGEECRBRRQUL PUL Of the

error I on neans and an out pu € DI as current settlng means, and

21 BGoLERLAZUTL! 8BncRONNRRI] 1 ALY Pl 1B AT PR cdehoghican groans (o

t he ren source ction power control system and, at

the £660£81 "dhatORRECHRARA dH/igUldk Und N5oPtER 68 ERBL sefltbRductor
laser should be predetefmined 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 erasevpower PE, and



means, instead of the output of the error detection neans, to the current
sour’ce; a sanple-hold neans for sanpl e-hol ding the output voltage of the

- current/vol tage conversion neans at the recording; an erase cuZ%eMAYs@ﬂ[ﬂ ng
-reans for deciding an erase current to be passed through the sem conductor .
| aser; a peak current setting neans Tor deciding a peak current to be
passed t hrough the sem conductor |aser; and an operation neans for
operating set values of the erase current setting neans and the peak
current setting neans on the basis of an output val ue of 2 0 MAY 2003 m

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

| asaihe @10 pewear PP sréspeahdvelet, ednes tiemefoxadathengtore controls a
bi as power with using an autonmatic power control (Automatic Power Control O;

hereinadipr, 4 HSFE&d ho1ascAbehivyl wadia ranodusld orifositbwhach
recording) and, as for an erase power, detects the power by the sanple-hold

a”d.c%ipiﬁ%fom%w&éed%@s bheels %reAbfoté®) Sthepebl power on the

basi s  of the control value of the erase power) and, even when a | ow speed

w%éﬁ%wgdi&dgnamcgeggg speedsFNi tor circuit are enployed, since the

erase power Is being ,outputted is relatively long, the erase

power canpbe, oL echLy (RLACRS AYche sSATRIGITIAIAN ABChidRr sbeed Lhe pover

control can be reallzed stably even at the high-speed nodul ation
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I eépr ot ore recording, an erase power is controlled by
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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 difficult that the peak output level and the bias output
(;} level should be detected correctly. In addition, in order to
avoid these problems, it is required for a monitor circuit, a
bottom hold circuit, and a peak hold circuit to have the
capability of high-speed response, thereby resulting in an
increase in costs.
The present invention is made to solve the above-mentioned
probléms and has for its object to provide a laser control

apparatus which can perform a stable power control even at a

high-speed modulation even though employing a monitor



2 0 MAY 2003 12 perform ng recording/reproduction into/froman optical
Tecordi ng medi um by a sem conductor |aser, conprising: a semi conz:ptWAY 2003
| aser power nonitor neans for nonitoring an output of the sem coffductor
Jdaser; an output error detection neans for detecting an error between an
out put power reference value which is to be outputted by the sem conduct or
| aser at reproduction just before recdtding and an actual output power

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

| aser poletodbodeindeanmorniteencizendyckbichasperpteert goréladiiveBatswl or
setting an output power target value to a sem conductor |aser driving neans
on the ﬂg@éa.of a detected result of the output error detection neans; and
an outp power target value correction nmeans for correcting the output
power t ?:éf igé 0 U ' a nonitor value of an output of the

sem conﬁ&g 6% Eg)rl'f &@Mé&after t he out put power target value is
set. According to Claim3 of the present invention, the |aser control

appar at us i sAcoasdingt 4o Llaimovd. ahetloypriesenst dnverdioar,r dheret visen an
actual output and an output reference value of a sem conductor |aser when

the st aproviiiedangRisdr @onfivlr appiiciu®whidhe cohltpoldear pedel il at ate,
and sets, i.n accordance with the error, an output power target value to the

sem co . I RVA means, d k S .
sem con uc%génl(gzﬁoﬂri yélél:l%r rre%s sag}pas%k%%re%?g?ﬁ&eﬁggzﬁg r%@\%ecrmlgar get
val ue. Theref%re,;’t irg%ﬁossible to seﬁt:l.a 2 0 Y 2003.I% 2i as_power '
2ppr oprTHPBFOTRR dofomeHeE TG SEPREHiARLIFBRONNEIOR. intpdfEPRhoEn As
descri be above, the |aser control apparatus which can appropriately set a

( bias podRtical ereaxding anedivm b semicandpsier lases, campsasingan be
‘obt ai ned. According to Claim4 of the present invention, there is provided
a | aserreqqumduktiappapewesr whonliteonhredss afqromomitorirge nooditphor dfaser
in an optical recording/reproducing apparatus for performng

recor di tlge rennedopdistdmiaser ot aepiidaetiodi Skastybeferd eeiuidiy; haser,
conprising: a photodi ode for detecting a |ight of the sem conductor |aser;

a Cu”e,t?%(éf%éﬂa% QItEAg! Al £h5CYbE E@Eti&g‘vﬁrbiw Powr SPhifh §8e

phot odi ode t'o a voltage, and outputting t vol tage;  a reference vol ?age
source . iding a_reproduction pewer of the sem ceonductor,|aser; an
orror AMPIRRER doRsrTrOtREUE, PRL Bl | SPRERTRRCHE AT AR oo
by the currept/voltage, conversion circuit and the reference voltage; a
cur r entTeSRFEBRNE oofpaRishginte ythen: opticahhreserding c JREHIR, | d9er a a
reproduction power control systemfor connecting an output of the error
anpl i fisemioonidaiciar dasegoudmringo meatysolon heéheerasisctafora povenitoar O/ A
conversion circuit for deciding a current to be passed through the

seni convali®rof aher reprodiuctionepavédrmiaiitori idan sidre hergsdeposet an

3 output of the error anplifier and

| \u} 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



an output of the D/A conversion circuit, to make a control signal of the
current source; and an D/ A conversion circuit for 2 0 MAY 200?’? ik 2003
- sel ecting one of an output voltage of the error anplifier and a %ﬁt
voltage of the D/A conversion circuit, and subjecting the voltages to
digital conversion, in which a digital value of the D/ A conversion circuit
is decided on the basis of a digital V&l ue of the A/D conversion circuit,
and at the recording, the output of the error anplifier is switched over to
the outmdnitbriveduld éf theverscopowdrcttidnitod hbansurrent of the current
source is controlled. According to Claim4 of the present invention, the
| aser contro i : I i A S r
control 11ng T Reor anr 15 CPARR PR tife RsB it iR Ao, tnE s SIS
reproduction; .an A/D converier for detecti a currenfy control voltage at
F ebr oduEPPATAtESHSACEBATERELA 5 b, ARA T PES ASIEPERE RO 2
recording; a switch circuit for switching the control to swtch over froma
r epr odukeproedyction jret dyefiore recayrding anal taperateshe bissomdiwer, amdl,an
operation circuit for operating the DA value on the basis of the A/ID
conver sagnfoml ar, epase npborerg dieasctulr thant pawere bgori rsdmiple-liold agngower
equal to a reproduction current value controlling a reproduction power and

can setohbBgafida Qéﬁﬁlrptt)ﬁel?eoﬁ% M???#’ g ﬂTFeOH@@é@%écPQaPQWf- tHE dfage | bed

above) a |l aser cohtrol™ apparat us can nmake a bias current val ue

2 F epr obBExS AP £ 0% shBed HGHOGPREToddE AR B HEwaRReEdy ae®
power current 2 0, MAY 2Q43.is value, and can set the bias power to be

{equal tBAMEOF GireHilcare cIpalRYedcsinge ths: Hmewhaacieiergse PeVEriss of

the present invention, there is provided a |aser control apparatus which
cont r ol bemgpometpuited iz mealabinedydoriggsthe ierame powenlcare ber dorgéctly
reproduci ng apparatus for perform ng recordi ng/reproduction into/from an

opti cal detedtelly by thel sefifplethold agad, tikOraToréi e stablotpeivedecdtrdl-
detecting a light of the sem conductor |aser; a current/voltage conversion

¢l roul LehfirbE GRutided Bvén A [REhigh-bigeRNRiflilifoh 0 @ voltage, and

outputting the voltage; a reference voOltage source for deciding a

reproducti on,power e 1CO ct I [; rraor Lifier far
' arrgl i fying aAgi ﬁgfg l%:éeé]b%ﬁﬁh %}% eo%bﬁutﬁﬁ& t‘@ﬂ%go?ﬁt ﬁgggﬁr PENYIN It age
conversjon circuit. and.the reference voltage: a current source_for ssin
“a curre P‘Q%r%‘&%uﬁﬁg é%rﬁ?,lﬁﬁﬁ’&éyglror}%sgﬂ?g%r@ca ROFGEED %?id%ﬁﬁcﬁg or )

deciding a current to be passed through the sem conductor |laser; a swtch

neans feRrreatlytbyenysample-dialdg andoruy artibizimal this,t Re laser econtmlr ce to

switch between an output of the error anplifier and an output of the DA
apparatus can realize the power control stably even at the high-

\w‘ 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
a laser control apparatus which controls a power of a semiconductor
laser in an optical recording/reproducing apparatus for performing
recording/reproduction into/from an optical disk by a
semiconductor lasef, 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



conversion circuit; an A/D conversion circuit for subjecting an anal og
signal outputted fromthe current/voltage conversion circuit t9 @liMayt 2003
conversion, and outputting the converted signal; and an operation circuit
-for, in a period during which recording is not perforned) outputting a
digital signal to the DJA conversiod&ircuit, readi ng changes in the output
signal of the 2 0 MAY ~01~3 16 A/ D conversion circuit, obtaining a
change anount in power in response to a change anmount in the current of the
sem conductor | aser, and at the recording, outputting the digital signal

val ue obtai ned above to the D/A conversion circuit. According to Caimb5 of
t he amédseutpuhténgi the vodtaassr aanefetenppaval tsageospuirses foxr
reproducti on power APC system for controlling a reproduction power. to nake
t he Peybdingnat gapratutitd oneporticto HnthanséhiCondueeovrel alser ;detrect i ng a
current control voltage at the reproduction; a D/A converter for

contgetbi NdeBebt 26nCHERE! fAr I sEEDNEi &8 eBr6wi bebweiehCithe for switching
the control to switch over fromthe reproduction power APC systemto the

D A $O1W&GE butput BRAr BFO M Hudkh 8 vOPEAGE | 89nbeislbh Meangdehd i ng the
D) A value on the basis of the A/D conversion value, and decides a bias

currnd i’éfoeﬁleeCQBﬁi:Qbe; & RhitSrdioveiolt ¢l ESENPadsifiBr addtirr@ntcur rent

value to control a reproduction power and can set the bias power freely. As

desct{ﬂ;b@@gdﬂben@ s8mli 23RHUCRY Alafpparat if'épi“@é&@tféﬁ pBla cdnftirdy pover

corresponding to a bias power current value previously, and can set the

bi assr#%%?\ %ﬁf%%un‘é@@iﬁ% é&élo‘glf’cggaetr FGEOLRL "Gr 18 Cﬁék@b\%ﬁ.% eany eepnt

i nve ere 1s provid control apparatus ich controls a

( boneengoRrSBALCOBIICLSY it o i ) 004 EESPRSUCRLLE RS 08
by aﬁ&é”&&ﬂﬂé&ﬁ&ﬁEtor 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 Eias current setting

(;} means, instead of the output of the errqf 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



laser, conprising: a photodiode for detecting a |ight of the sem conductor
| aser; a current/voltage conversion 2 0 MAY 2003 17 circuit for
converting a current of the photodiode into a voltage, and output gAY z03
‘vol tage; a reference voltage source for deciding a reproduction power of
the sem conductor laser; an error anplifier for anplifying a difference

bet ween t he output voltage of the curkknt/voltage conversion circuit and
the reference voltage; a current source for passing a current through the
senm cobigcsampleskold meapsoduct i on power control system for connecting an
output of the error anplifier to the current source) and controlling the

reproduct i oA gAing2tdICatR 2655 tH P:&éQ&M iﬁ?ﬁn%‘ﬂ d{l?g 1&8*’%&&%}3 be

passed t hrough the sem conductor | ase a switch neads tor Sélective

swi t chi fyween t u f the.error anpljfier and an output_ of the
D A coﬁ%@%@r&cﬂ?cggﬁgﬁ‘gﬁﬁg@% EBHFFmagagr‘ihr‘:rsﬁowh&%ﬁrpﬁmasbm%e; an
A/ D conversion circuit for subjecting the output of the error anplifier to
di gi t alPOBER eMithhnusing an oputematic cipowen ¢emtraln (AuytemiaticdBdawer whi ch
recording is not perfornmed, outputting a digital signal to the DA

conver §lamtrolO¢ hdreinaftdirn gefémmegk toi as aAPCY vl iadnpéprddubtiofy Rist
conversion circuit, obtaining a change anount in power In respect to a

change bafereé recOrdiify,CahAS s fir hiCe PR t@étécﬁae.tir}hc ?)%‘%&I b&gtgne ur i ng

recording, outputting a digital signal value dbtalne e per
whi ch - 1Ng.. 14S : [ to.th .conversion circuit.
Accor d%’%g“{’ gcpgog{imﬂghms ﬁ?’ %@tgs; éggﬁgﬂﬁfeﬁé |€R8, ?ﬁ’ée r}ig’eﬁnc,‘grﬁor‘btlm!fpﬁar at us
_takes a correction bgtween.an D converaer ~ 0 MAY 2443 1s detecting a
( currenPCBMPPIIC B sigif thg cantrel galusebihe wrase pewerorand) | ing a
- bias current at the recording, and even when full scales are different or
of f set §VaPeWhieds éhlowespeed manitor photadioder anddat ew Dépeed menityr, t he
bi as power can be set highly precisely. As described above, a | aser control

appar atircuibi afg dmplayedyg sincertiacttinie hliswerthéerised poWdicis Seitgt eCti ng
a current control voltage at the reproduction and a D/ A converter

cont r oblitpuiteediiasrelatively 18hg! e’ 8Ll ipdaveCBANnSH -@o#c@flypa\é@éct@i(%hl y

preci sely even when full scales are différent or offset are”present between

Lo A By G ipl BN 1 a AL KORUBEL Tle GAwBE A Can B i ©

Claim? of the present invention, therei
appar a i cqni. ol s ower, of seyyi conductor |aser in an optical
recordlg%%l?w;%?gla&% ﬁ'be iﬁﬁgrgPﬁgdffBPdS’éP?’(ﬂ’h ng recordi ng/teproduction
into/froman optical recording mediumby a sem conductor |aser, conprising:
a seni condufSoficpeibed,ahevenghbias pewes iscromtnollestibyyusinglamAPG! t he
sem conduct or | aser; an output error detection neans for detecting an error
bet weegoBfbrol value at the reproduction just before recording, an erase
u 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

a laser control apparatus which controls a power of a semiconductor

laser in an optical recording/ reproducing apparatus for



out put power reference value to be outputted by the sem conductor |aser at
‘reproduction just before recording and an actual output power va) feMay 2003
reproduction, which value is detected by the sem conductor |aser power
-nonitor means; a sem conductor |aser power control neans for setting an
out put power target value to f 2 P2MAY 2003 19 a sem conductor | aser
driving neans on the basis of the detected result of the output error
detection neans; a switch neans for making a state between the

sem conductor | aser power nonitor neans and the output error detection
means OFF at the recording, and meking the state ON at the reproduction;

and de’LLnQI‘.ﬁg efd Q6 r&Shly PapFOANS tidn Seitd NBrdmeawudpuical the out put
error detection neans so as to be equal to the output power reference val ue

at the (£s ;gf“x{ﬂ&dixﬁﬁcﬂgdsngehﬁcgnau@t%xofla@&pr@&ﬁpﬂgﬂﬂgat hon, the | aser
? a atus 1s C

contro Pp nstructed as above. Thereby, it obtains an error

bet ween, an, actual PULRH! BN ARAUIRI HEhRS Sfe NGhiieoPinbhansen conduct or

| as €TrS ange romthe reproduction state into the

o oF e orey FORRYEReR abkef A AR, FFVR SEEREEOR T 0l (e

Cr aleeAn | g | FRCRERiber aPostteTo b ne S TR S PPuEE, YEEUERRSE

e poakiel Wi eh o8 Honber SHEFHR: b aporaie et eaFieEOE T ErstRe F.cor ui ng

PP ARSURF LA CAHE 6y bR OB PR ECERA I I bt b 2hEPEE, BOREFT e
(pcorate 26 tha ReBTORIEkEoPodBHEY T oif Thersthd B8, BBy 2003 20

provided a | aser control apparatus which controls a.gomgﬁcggra

serm SYRHCRRINCEAE el 2PRYaROUSE BARL R AT/ 12 pF o0te?

|%g appar%?ﬁgrfor

perform ng recordi ng/ reproduction into/froman optica i
seni ROFRE CEPRET AL eMe2REHPEs SFFE 11D IR S i f%&wﬁjét t%??%é Q&F?‘S ht%of the

sem conductor | aser; _a current/voltage ConverSISQ?CLFCUItafa%t%%Q%QFIIng a

cur rentemi conguEher odRSEE OF YRS S 9 TR RRTIRGCENE Vet age.

o EORALEL OF FRScPUCRNCeRrsP T ANHIT Ao JPoabl | F5neRachr RS BT her veen

[ of LR BRLULCORTERRIEN MEA g R g, Elter oREBlk, BT

SeniggpgggtggngsgL;t er%%g?ﬁﬂgg‘§1£g§¥%ogqag{3g S¥sLEMleputozecting an
the semiconductor laser driving means after the output power

target value is set.

(“} Accofding 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
éccordance with the error, an output power target value to the
semiconductor laéér 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



output of the error anplifier to the current source, and controlling the

* eproduction power; a D/A conversion circuit for deciding a currgent to be
passed t hrough the sem conductor |aser; a switch neans for sele VMAV 2003
-switching a control signal of the current source to switch between the
output of the error anplifier and an output of the D/A conversion circuit;
and a switch neans for cutting off al3 nput fromthe current/voltage
conversion circuit into the error anplifier, in which at the recording,

swi t chbiigs f powerhappropriatdlyt e fecordanpei with 4 adptoduttivh powee D A
conversion circuit is performed to control the current of the current
source set he 1 nput fromthe current/voltage conversion circuit
into tﬁgaéerﬁr@g%%ﬁ%ﬁfi er is cut off, and at 2 0 MAY 2003 21 the
reproduction, switching fromthe out put of the D/A conversiopn.cjrcuit to
the output &/ (HESEHPE; aREYS e | 55T el BPEGTAS tWBiehr C&R of
the current source, as well as the output of the current/voltage conversion
ci r cui appropmatelyesetoat hias rpowetroin haceordanaepwith ea, reprbduetivst t ages
of the reference voltage source, which decide the reproduction power, have

di fferpatwey;ab@eﬁ reiferécé & Beobradnad. t he reproducti on and, when
swtching fromrecording to reproduction is perforned, the voltage of the

reference v lc‘c@ﬁ ssguree anged ep j n g t r

i nt er medi atg va Slelﬁ%Actgoorg?ar’lght gg(_j%egi %i‘% oﬁr%%e&gr gbsgén?hﬁ%\?/en I orf:, ¥ | aser
control _a ratus,which, being provided w th means for cutting off an

i nput P5°§P‘§%$v8 Aﬁﬁf"ffF%P%f'?n'or#)%p%‘m‘?%rwi'ilpguicf"&(mi?]ear8(93?%‘1’9 , @nd a
means whi ch can change a reference, voltage of reproduction APC at sw tching
“fromt ﬁém@@e}wgt;orsgaw s aReopsifnaldresorfingtreprodreing @Rpartatence

* vol tage of the reproduction APC successively when the recording is sw tched
t o t heforpadocinigg reeording frepiduchieorodinto / froor ah apticalsdidk dayt put

| i ght according to transient response of the reproduction APC. As descri bed

above; aa sefdort@ictor BNWT, acutnphisifg: WAepHdtedisder $bRddetestihlgtied to
t he reproduci ng, can change a reference voltage of reproducti on APC

SUCCeSREYAl Yof L1 SR ESH I EEH ENEG:ObnBFvUANE! cOltbBHlioH IN!

accordiftg to transient response of 't .~ can be provided.

2 0 MaY. 2 2 BRI EF SCRI PTI ON W N Fi i | k di
o o Tt K EonyesRing A hifont, aLthe RAAtoaloRE Tt st R coant

invention. Figure 2 is a diagramfor explaining a relation between a
cur r en®UERRtig pthe ayobagsut aorefenencs valtageesoyrgee foF deciding @
expl ai ning the operation of the

reproduction power of the semiconductor laser; an error amplifier

for amplifying a difference between the voltage outputted by the

current/voltage conversion circuit and the reference voltage; a

current source for passing a current through the semiconductor
laser; a reproduction power control system for connecting an output
of the error amplifier to the current source, to control the
reproduction power; a D/A conversion circuit for deciding a current
to be passed through the semiconductor laser; a switch means for
selectively switching between an output of the error amplifier and
an output of the D/A conversion circuit, to make a control signal

of the current source; and an D/A conversion circuit for



| aser control apparatus according to the first enbodi nent of the present
“invention. Figure 4 is a block diagramof a |aser control apparatus
according to a second enbodi nent of the present invention. Fi gifleMAy 2003
- diagrans for explaining the power control according to the |aser control
apparatus according to the second endodi nent of the present invention.
Figure 6 is a block diagramof a | aser control apparatus according to a
third enbodi nrent of the present invention. Figures 7 are diagrans for
expl ai ning the power control according to the |aser control apparatus
according to the third enbodi mrent of the present invention. Figure 8 is a

di agt RO n§*Phéi HENEnt BatpAt v AHd®| o fiCERE depgoroatnpd ilfdsar ayuht r ol
apparatus according to the third enbodi nent of the present invention.

Fi gu ' | 38T #MeOD /B CUNRSE 4 DRl cip8al tGoahBolsubjenting 2 0
MAY %goguézéugEg&fP%% 'Ia'% EXWECU'IZE THE | NVENTI O(il (Enmbodi nent 1) Hereinafter,

i 110 FR e R o e e "t he I mvont i ons. a5 |

wi | : ed” T I'Tst embodi nent corresponds to the inventions as
LonctA S A Bl D et R s e gmiany,
the P oF thferl BB E B firuft o R T Y e hc
o kol PRELREE i el et blpaasks B Uh sl ael e o
R b/ PERRTaTER SLrebllh o el AYERBETpe bl Wb nureral 10

- 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 ffom a reproduction
power APC systeﬁ to D/A converter at the recording; and an
(“} operation circuit for operating the D/A value on the basis of
the A/D conversion value, and makes a bias current value
controlling a bias power equal to a reproduction current value
controlling a reproduction power and can set the bias power to
be equal to the reproduction ppwer.

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



l.ight to an optical disk; nuneral 1 denotes a photodi ode for receiving the
“irradiation light of the sem conductor |aser 10; nuneral 2 deno'\t)%sg 200
monitor circuit (a current/voltage conversion neans) a current/ g‘é‘g 3
conversion circuit) for nonitoring the output of the photodi ode 1; nuneral
4 denotes a sanple-hold circuit (a sanpl e-hold neans) for sanpl e-hol di ng
the output of the nonitor circuit 2; n ral 17 denotes an A/ D converter
(an A/ D conversion circuit) for subjecting the output of the sanple-hold

ci rcui t value, taledocapusebfthdidiasr powemhbi bere Subp o€ tHESFL, l.aer to
Al D conversion; nuneral 3 ao )f_ ~ ~~ 24 denotes t?ntggelrc%?&;%ugiﬂ%%it

(an opepdwer, GRANBe gpfam.ati ng the output of the A/D converter 17,
nuneral 6 denotes a D/ A converter (a reference voltage source) for

subj ecting t tput of t operatiogn circuit 3 to D/ A conversion; nuneral
5 denotes a ggrc&%dgﬁﬁl i 19 e&ﬁf‘h‘% e r<§’r0f &&%cPTW%ah@Ycamm; othergl isier)
for con'Bari n(gﬁﬁ'he SUt put of the D/A converter 6 with the output of the

noni t or PEPVE asefprenyrehappavatuaumbieh bbmiamlsea poWér CONUErt er
(a bias current setting nmeans) for subjecting the output of the operation

ci rcui t semisobiductower $aser ndmer ahnl3 d;?ﬁ@taqs q&ggﬁg]%ry??@?o@qéﬁwé chi ng

means) for switching between the output the servo anp he
out put a tQsA Ve n e "W Rdi a current squrce which is
controlllieJ by the out pﬁt géngigrelgsvm tc d&éﬂ?%’%gmm 13‘3‘%356%3351 D A
convert ur t. settin ans) for subjecting the output of the
oper at i g% t{é‘?drflcﬁﬁé %’ytcg %?%uggﬁélrlgg%n?aﬁ cempy si_goae photodiodenfanr t er
(a peakdcgrrtent segﬁi Bg means) for subjecting the output of the operation
(circui t 939" BBA & 011881 s 98n theumamieondaetos teset;e aucuentnsproiagerhi ch
are controlled by the outputs of the DJA converters 15 and 16; nunerals 11
denot esCAN¥GF SN AzAYLE dordcenyentinig iy cuigresit! bENthé PHstodiodd ol e

sem conductor | aser 10; and numeral 12 denotes a switch neans fo

4
di sconrecltage, tardcoutpoitthog e Yoltdde! e ' r.10. '
H . Iltdge BOrERPAROE ARt B60rEe Sarout o

Further, a reproduction power control System whi

the serd eeitlugt 8rrédFssd ud®idRN5e FRk ‘?ftfhe~'°§8%ﬂ‘€§/f_‘a?’r%§°§ ts(r;%hre roduction

for maki ng the output constant” 1s construc td¥Oraser
the servo anplifier 5; the DA

10; thephiRdi ' nitog..circuit. 2,
converter G;ﬂt tg%gpépaéillg’ﬁ{% racdllff%r;ent%ebwp@ﬁl Fegngutputanaltage ofi r ent
~source g | g“addi ti OE t he reproducti on power nonitor neans 100 which
moni t or's % FETEERSIY obtagh ke ryeausitruitaand thet trferepreduoltaye;j ast
before recording is constructed by: the photodiode 1; the nonitor circuit
2; t he SR aFAURGEH08; PassingAac ovrrendr throulh e alemicehdaetbr3, and
the A/D converter 17. Further, the bias power setting nmeans 200 which sets
a - laser; a D/a conversion circuit for deciding a current to be passed
(j through the semiconductor laser; a switch means for selectively
switching a control signal of the current source to switch between
an output of the error amplifier and an output of the D/A
conversion circuit; an A/D conversion circuit for subjecting an
analog signal outputted from the current/voltage conversion
circuit to digital conversion, and outputting the converted signal;
and} an operation circuit for, in a period during which recording is

not performed, outputting a digital signal to the D/A conversion

circuit, reading changes in the output signal of the



bi as power which is the m ni mum power outputted by the sem conductor | aser

‘at the recording of pits into an optical recording nediumto as" Y 20
sem conductor |aser driving neans on the basis of the nonitor 3aq me‘\o? %e

. reproducti on power nonitor means 100, the erase power setting nmeans 400
whi ch sets an erase power to the sem conductor |aser driving neans on the
basis of the nonitor value of the erdée power nonitor nmeans 300, and the
peak power setting nmeans 500 which, with operating the nonitor value of the
erase r i 0, : 1190 PEA i i S I M power
out put T o5 TRt GEn AR Mt LAy PANCHRES Al et ToMRY, T
optical recording nediumto the sem cqopnductor | ase riving nmeans 600 are -
const r TS (e GHABES oA FaL in Jhe chtranfudt Hss SsBTCRAHREIon. ¢ he
erase power nonjtor nmeans 300 which nonitors, by a sanple-hold, an erase
pover laferh asich pbwesheowesordingbhyoukputdngc dheucdigitalassignal sraddieng of
the optical recording nmedium between pits is constructed by the nonitor
Ci r cui pbtairidtt abawel o bhedD¢Ar conmverdsiomndircimt. A/ D converter 17. Further, a
sem conductor |aser driving nmeans 600 which drives the sem conductor | aser
10 1s ConstAeeaﬁdirp%:tot[;?ai?ﬁﬁswmétlﬁes%t idVertttbhC RheERkerl dontF6]
current source 7; the A converter 15; the current source 8, the swtch
means 11; the D/A converter 16; the current source 9; d the switgh neans
12. Ne?PPafﬂguﬁpe?%ﬂR{ﬁsﬁPH %he TERIOAUSHPN THROWST | f Rt plfE 1 ght
fromthe sem conductor | aser 10 is received by the photodi ode 1 and the
gener afeatrlling: peEepredugtiompower dgnmake the PoWeY cagstantiak thenit or
circuit 2. Wien a reproduction froman optical disk is perforned, a

(repr odrepradueton; arefiefBnocenvertteador\detdutirng ias cheremly conéralpeoHiaigen
- circuit 3 and outputted fromthe DA (Read) converter 6 and the voltage

from t f¢ thentéProdiréfibnt & DA eoAPerted fur edAtsAlivg anbids clirrént and
t hereby a reproduction current control signal is outputted. A switch neans

13 is %??éﬁ?%ﬁ?%@ﬁ cfis TOP Upitchink e BontRACKHISRALCRRIVAUCT T on,

and at t roman optica reproduction current
contro}l_signal is supplied to th rrent r Y/ n e cur source
211 ontron i sprofPRU Bt LS Sitlest ¥ 5 D (A FohBE &Y +EIT0 o
that a reprqducti opn power PR corresponding to a reproductio ower

o or CHREITBPEA IR SRR CH D 105 GRer BRE LT /b ORAB P She; e
recording into an optical disk, the power of the sem conductor |aser 10, as
shown basis glithe2A /B comyveusinrevaluep anigt decide¢siasbists pusrenpbxeluPBo erase
power PE and peak power PP to be incident on the optical disk. The bias

power Eéntrolcenthiald gsbwstywivh aulsing poweproduictivn | burtdret evglee ponwer PE
is controlled by the value obtai ned by adding the bias power current Ib and

the _eréé'ﬁtRSlV‘&rreiHbﬂ%iEtiéﬁ;p&Wér tahid RadKsEPthe tﬁ%@tﬁ%le?qr@é’lyt.he val ue
obt ai ned by adding the bias power current Ib, the erase power current le

(oo eheaber BB Bovk? o 1688F CORPLY apltaFRWALATeR S6iin
a bias power corresponding to a bias power current value previously,‘
and can set the bias power freely, can be provided.

According to Claim 6 of the present invention, there is provided
a laser control apparatus which controls a power of a semiconductor
laser ih 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



perfornmed by turning on or off an addition of the erase power current le to
'~ the bias power current Ib by the switch neans 11 which is switch by data

- "EFML, and al so performed by turning on or off a further additiﬁgcgomyhg
peak power current Ip, by the F switch neans 12 which is switc d gﬂa{)
EFM2. By the switch neans 13 which id®w tched by the WGATE signal show ng
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 le is supplied by the current
source 8 which is controlled by the D/ A (le) converter 15. The peak power

curr enir¢pit sfenppbhedrhynigha @ilrmsit SOEr€Re oMbt 68ible iAtd dVAY 2003 28
controlled by the DA (Ip) converter 16. At the recording) the

senm coolivage) andedutPuteimeduirt aghltdge ! e féﬂ@@éné@r§83EQ@@'§bdfb he

optical output is outputted fromthe nonitor circuit 2 and the erase |evels

are depecdedidinghg s 4 i i t : tqr, L. Figures
3 show aspec:th % theégg'% iﬁggit :%Jf &%V\Iitavﬁg%o%%ﬁ%%g%egggda&%e}"l aser

10, t t t i fs [ I el vef .or m of
saml%hﬁ%%o%ﬁ%lffgiég]ngf# %t?n ;{IE.;E ‘%lﬁ{ge%a‘#s'f%‘?gﬁﬁﬁ@%hﬁgﬁ’é% ré: ormed in an

o th e roftad® G LD Bl Rl e BRI B r TR AR pouer
pover BE T E Gt 1 20T P8 o8 SRERTPY (P aRaysl hOT L 9RPS Bt GRBRBIG

i e R B R S R PR o OB & occur
T oA e Lo B0 RSB RR B e o A LR BB L RS cl L e
| are o AR PR BB LBT) R, BRE Ritrodian it Beneti | scbda |
P s S AR e S R
Ao SRR OLLER | A PP RE Wans™ R AR o e TR e - hol
pass VLRI petdl e, bREBuT ok SRR sBetoamnih i 4P F81 s ar the
Gonorat B S SR A BAYAPRIon eI T o ReY B SRR b ghel

o ase oi AT St AT, SRR3R i lD kb oarSiinang tne

The oher sutppelde TSGR B EELEE Pl BRERT Rl { e A

The operation circuit se gl vardes

(16 oRRRROH chbodille £44, (19D)a SBRYELLC hul3nd! Rril5, Idodading Oy ert ey 16

| ngg ngge;;]rfe s |asi pOV\fL cu;reno gontrol the bias power PB, the
Gt e R e

ol ove PRI CTal 175k AP el e byl Y Sheer i on
' there?n i gnp%??o?’gi}eg’,&%?%eo%%%*éﬁ nacfﬁ’éﬁf-’? g’“&&n ct's, BRYhet™ D
cpr St o EPAE) bl A O stfon' i ot SRS
Thergégéfhegélaaé%pgv%\%r trlglgolrscﬁsrg,_ ?lﬁgﬁ‘dghﬁgn? gﬁglgﬁér Shomrlivatie 3

det eSLEain%doiyA \t(hzeog?ériod 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



30 the level of the erase power PE outputted fromthe sarrple hold circuit 4
by the A/D converter 17 and increases/ decreases the output of 2 igeMAYA2§03k)
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 tw ce the power of the erase power, when the sane value as that of the
DDA (le) converter 15 is set to the D& (I'p) converter 16) Ip is equal to
le, and accordingly PP = 2 X PE is obtained. Murre strictly, PBis not zero

and t hdetectingparasurerterdontrolv vbltagepent the tieproductidnieadd thg A A
(le) converter 15 is not generally equal to the peak power current |Ip with

%Zlflpiéf’ﬂ%"s U6, EShyie iR % LOS cufr '%iépcanf TR FERFEaRE, 28 PRV o
2
o 1o HOH, RRBIES 8tk Allerent AE, oieeRy AR BBRBPRBnPSTVEER (he TRAD poner

PB to the erase power PE and the peak power current Ip is a current

requi r eenverternanshdheg D HA pon.ecrtml, ytle dnashposwers eamokeer seE highhe peak
power PP, and therefore, le : (PE- PE) : (PP - PE) Ip = (PP - PE) /
(PE - Bﬁ)ciﬁelﬁ that is, the vaI ue V\/nich is (PP - PE) / (PE - PB) tines the
val ue of le can be calculated to be set to the DA (Ip) converter 16. By

per form ng I e e i red,
Bnd 11 15 %ﬁ%%%’éé%?f?%%k‘ AR ieftiof APLEPIONRAE P kabbl A

whi ch enabl g S eed o for the hot odi ode, 1 and tpe
moni t of© EreF ¢ %ﬁegd 2\'/ HOEXEEW&)G%HEW cBr fUTECRpEANED

i ncreased and the nodul atlon speed of the laser is increased, the peak
power Ypitaggeatrthe nepredustionnandha DA poneertes cantrellingita dpiassl i nt o

"~ the predeterm ned powers. (Enmbodiment 2) ( Next, a second enbodi nent will

be descurtemt \aitt the afecording] cari gwteaélbxd's)lpdm drighlptpreiseBs everd hose
of the abovenentioned first enbodi nent, the sane nunerals are used.
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
a laser control apparatus which controls a power of a semiconductor
laser in an optical recording/reproducing apparatus for performing
recording/reproduction into/from an optical recording medium by a
U 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 juet 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



Thi s ,second enbodi nent corresponds to the inventions as described in Cains
. 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 bi a; QO@Y 2003
freely or highly precisely. Figure 4 shows a | aser control app t
according to the second enbodi ment ofjgt he present invention. In figure 4,
the sane nunerals as those of figure 1 show sections equal to or
corresponding to those of figure 1. The sem conductor | aser power nonitor
. means 700 which nonitors the output of the sem conductor laser 10 is
constructed by the photodiode 1 and the nmonitor circuit 2. In addition, the
out p L DECR@LEEST ODa8BRNErEQ Nt infdh et GEL %Fﬁaﬁigogfb@meen the out put
power reference value which is to be outputte y the sem conductor |aser
at t 3oB2thEP i j st e e i.ng_and.the actual
hetect &l M‘?s@ﬂ@ o?htﬁé Bﬁ@gﬁtt' UrddPs m"?ééﬁé% on ﬁg&ggt o2 ggl%.ﬁ?l[

out put power value at the reproduction, ue i he
sem uct l.aser. o itQ ns..700 is. constructed by .the operation
circult g ﬁlré ﬁﬁ{%%n%gﬁ:g?QGFQ{thﬁeg%?er 5 m*?q%‘iu%t%ﬁdf?ﬁérAPBWE nverter
17. . en ¢o, ctor_laser po control neans 900 which sets an
out pg\‘%br r{)lg:\e/ée% '{'éa%]set%%l gggtS‘l%R@%s&ﬁrg’Jn Sty dreans PRy AtakBe600 on
t he ' f the detected result of the outpyt error detection neans 800 is
cons'lt}%?(?t%e&rb%/ t%golbéfh?goﬁﬁa FEGLE BN |l tthe reperdicbienpodRf 8Br get
val u%uq:g)rl{teceti on_neans. 1000 whi CE correct,s an_out put power target value on
the DAsTe of ¥ M rHrd VARRBSoforhSehidmst tdre Rtk @brblet ertPaser
drivk}%onegf{lf%raft.er setting the output power targ{:et val ue i s constructed by
the FoftFrTEr A ERPT heCoPsr 5P 8 &Fadi (o3 the\qutpwe PPWeHti on wil |
( be d%sé%igbed. At_the recardi ng, bé,the switch means 13 which is switched by
t he Ahalr MR thgt e sTEERTBANFacor di ng/ reproducti on, the output of
the . DA_(lb onverter. 14 i s supglied to the current source 7 to control
t he bi as &R Fipimng ehethsePaessRtciinyvent idrnietihe slager out put
of the e:p\[io %g}ifier D just before entering the recording state by the
A D ESREF e PPPRTAIIS et TIRSEFACERS) asoabereer Thearshivelt ebtadms out put
vol tage as th%?g_—et ected one. The invention of Claim4, in this second
embolFnEAECT Peivween \qay aglgaat oPRERPENERG! 8Nt RutDWe Me fnrencadvalue he
outp % &Fthe YA gd"f@ converter 14 is_input to the A/D converter 17 and
t he § tg FEMLSOEDC e k33T I WheRoRbEr SERt e, iBashamanst i . then,

bef oLg ordaf er tg& tate is switched to that of recording, the output of
the SePv8 3&%‘]’101‘3 St heERR | TaGRreinghEtate. ( RBA. c oA B 14 are

dete nd co red in the A/D converter 17 and the operation circuit 3,
by cg{rlrgégt%i R&wﬁg%?&g%lvt?gl‘b? 1HeSBF ALP| BhecorpareBductary J@8en make t he

abovg.. ted _and .conpar ed, val ues, equ to each other, can correct the
convgfg]g%ﬁgefnregpsofx’t f?é:c&‘?dsaé'fc?/o‘f’f%e%? BRECEY ALE| B tEo R tAPME and

make ias_current valye Ib due to the current source 7, which val ue
ﬂa,contélc;%g%t Eg %Fa?qﬂf&%ett%#’eeq‘ﬂh?p‘f% PP chrEBUERFEn Vad e e Mithaute |1 to

L):ont e . reproduction.power PR _so §he val ue ,of the bias power PB can be
set %?é?%g\lﬁggﬁgsgglﬁdﬁ\pa‘ nEIubt a%% pbiersephgenductoge 188X val ue as
that_of .the reproduction power PR.._Next, the invention of Claim5, in this
secdn w%%b%f’ﬂrgﬁ%' , m?&ﬁseé";?o\rlﬁ\ﬁ%e (QPEEL | STE0K | dREeFEiRI BRaNSeRsr &heecor di ng
operi';lé' on .at theg‘hi Si Eg of g drjve (an,}gg%i cal recording/reproducing

appar 205G ng TRETEERES t A it RSTEDER veR YRSt t¥angdest the D/ A
(I'b)_.converter 14 and.the hias power PB is, previously obtained, and the
out pu s%?“?ﬁeaEeFWI@ﬁhﬂF‘gf &Iéoms 'ﬁ'ée d%ﬁ%‘f@’cP%yS’f'%EeAzg EBBverter 17 when

t he statedis changed fromthe state of reproduction to the state of

r ecat WHYFUREIPReSE8teval ue of the DA (1b) converter 14 is 2 0 MAY 2003

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



34 decjded in accordance with the previously obtained relation bet ween t he
set value of the DA (I'b) converter 14 and the bias power PB. 2 nor e
"specific) when it is desired that the bias power PBis set to be | DAY 12603
power than the reproduction power PR for exanple in case that PB = PR X

0.5 is desired, as described first in the second embodi nent as that _
correspondi ng to the invention of dai283, initially, before the operation
recor di y) the operation circuit 3 controls the bias current Ib with

usr ng tpeobided! b) lasevecoatrdl, appdrachs WitcdliduhtmAeesr Yowbf of a
sem gonductor | aser 10 to have the sane power as the reproduction power

Next tb@n@i&%ﬁﬂlh@ﬂo?' rQHhEr?’ qgcregnes §Bg; %fit Vit Lciucféﬁf tg%a[;)'/qadré 1,5;&)

converter to detect the output 0 the dtt)r | A A
ert 7 esa ehold circuit an 0. obtain

tC ﬁgvu ASE’P]&""\%\%&/ n% PONIPRe TCLHT ddrlgdrfeﬂrmdtgcmn iprtoy fgom Arer eby,

it can be obtained how much the current is to be smaller than the

r epr odu®®Pi tinalediskehy \?alsgmﬂqond)ucm&esenecbnaprmwgr spHuwlddiede fort he
actual recording operation, the bias power current value Ib is constantly

. y
set to Heteotingera t lightt fef rbpy asbiniéOAdLtbeN1aNal U, | Eub¥ehbPvBlgOUS
obt ai ned val ue, and therefore PB = PR X 0.5 can be obt ai ned. g L zﬁnr ng

the rel sbhoBrbRinceiciiie /AL cbilvitthle (T A @fafl&’?ypep ﬁg@fi@g T e

b as pover PB, the| mho & Sﬁt geg NA\e( 2803%;62; be obtai ned by being
obt 2 nefofige ABR ExIIIEY tnf utie PR e A o S ek P |
between L e S5 & 2eps 8];1 tt?enD/f)A e cogverte“r: }14 ac?t(i)rtlhaesebrI asnpo;/\Irer e
(prevr Ougegxdmg a reproduction power of the semicondu ; 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 rept'oduction power; a D/A conversion circuit for deciding a
current to be passed through the semiconductor laser; a switch
(..z' 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 conv.ers'ion 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



~obtained, and therefore the output of the servo anplifier 5 is detected by
the' A/ D'converter 17 when the state is changed fromthe state @ 003

reproduction to the state of recording and the bias current vgfu44$¥)%o

- control the bias power PB can be added/subtracted to/fromthe reproduction

current value Ir to control the regriloduction 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 opti cal

out put waveformnms 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{hésr% Foliller§8se @witdiHiny fhémbilhe povputPBE<thlee D/@production power
PR, and gure 5(c) is for the case of setting the bias power PB > the

rep ' p RR, SRRSOV YE SEXEhet BerbRvanpldfielr Asim6, in
thiégggé%ﬁgggngggﬁﬁgﬁtFkgorrespdﬁ%s to the invention in which, before the

recordi.ng _operati t I S deh¥ecapdehipe sousee,t s @ BL I On
betﬁﬁﬁhogﬂgaség ggﬁﬁyéﬁrghéa%§é¥%€%)é£oﬁbér?gr T4 aﬁa th:(xwwerted val ue

f th D t 7 i j t aj be; ific. th
opehas EBR BREBHR oF P ekt AP e d8] CpRECa On SRR | e W D

converter,1a pien,the state | sfhanged, f Lam i Beedt abacicne Hitkigsdon 1o

recordrng eci des the set value of the

DA (Ib) converter 14 in accordance w h : QY e | ati on
betR%eﬁLFh€e§§Fe9§FUQQ#L§%% f?%?f%b)w%gﬁéeg g?ﬂ 4Qg%%xfﬁg&§%nve;?§d val ue
of the A/ D converter 17

. bt ai pi ' h I
of PRUSE ABBVE) S RARERS YALERD P hothroSPPERLD B80T NI D conver t o1
17, the whol t I t il ' j [
R A R e I A R R

poi nts. As described above, the_rglation betwee et the D/ a
(1 bjscBR¥ErE@edy s they YtagfeFt g%evagggrspcg hgm'}/ri co%éé%%%r%? is

(1 bFheBasE: Pas SRS ATAch by LOREE APBR NG EFPBR L P VA e St ate 19
poner CUPCERFAIRLEA 14 oRt S8] EPROPEF S o HEY SBb OB kb eToTo b equal
and cRBE0N RERATRIA, WHCT 1aet o) PERSES, Wty A gl pe ! on Fover PR
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 t6 the rébroducing 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.



betwgen in the D)a (1 b) converter 14 and in the A/D converter 17 or the

.of fset occurs therein, the bias power PB can be accurately set to have the
same value as that of the reproduction power PR (Enbodi nent 3) szMﬁyamms
third enbodiment will be described with reference to figure 6. For the sane
structures as those of the above 2 92 VAY 2003 3? nentioned enbodi nents,
the sanme nunerals are used and the description will not be given. This
third enbodi nent corresponds to the inventions as described in Clains 7 and
8 of the present invention, and it is possible to prevent an unusual out put
| i ght from being radiated according to transient response of the
reproduction APC. Figure 6 shows a | aser control apparatus according to the
third enmbodi nent of the present invention. In figure 6, the same nunerals

as t hBreesf DEsgrI®TA M @OF IMGWwAGRSsequal to or corresponding to those of
figure 4. Nunerals 51 and 52 denote resistors for using the servo anplifier

i connect | na the o Cor bl eu YA RE Ro TP EERC FERERP, iR TR,

di sconnecting the nonitor circuit e resistor

e ros e S TR IR 2t 8 PR RRR S Eo g st at e or
ete the oUTRUTear tReotiatrm A5 EbBIeHEiAdianEetnt ol FERERR 20 (he
out put, PPURE gﬁaeggngﬁ&\i? lie&%kpt‘-gﬁvéfc%r %sng is constructed by the

operation circurt e C erter Next, the operation will be
cirout o TETGPRCH DHE, diatele £ S TRo e SPReasien, ot | o
LN S o e A i 20
cervomrgrrert songBBRAeR] | (Re%output of the servo amlifier 5 s |
(Reath corvarter & 45,8 Blefh fawtan thmaatns ceortarl novesadtan
(e RS R 768 Erdfa BnbRRaRa i T ket LaveRRIen 1 gure 7
7S ot ATE chefE BUBbRnEn o R LhiRing ohS mveRcSonEreR means
T o e SR oLt P e ehE A BT ARSREnH 60 ot B no pr obl em
in ag&gﬂ&@nﬁgméﬁoogh{:ﬁg éggsrggl%olrigl&ré i.so erforned at every sector

and in which gaps su as un-recor _ i st anbng sectors. However,
soctore. Ao BHGT PRt BT ARy o ol s . SR APREFAGaBel veen
(i AR B TR Al
| ar ge. Ong:tl%ot_ ef_ﬁ%g‘,ﬂ%%%%rﬁﬁi gégt Sxpﬁiglpﬁgﬂg\gﬁé’rﬁ)aﬂ%tfom?it he °
ztvr;llplt :a?: icg?@%%g;%‘ldn%t%é; %ﬁ?ét%§gFﬁélS%£’P§%8E$%I %%\%(é&%lggﬁd tt%hgt}?ﬁje{%g&r dol t age
. i/il ?gg%bgf%‘tek‘teieBﬁlt%}%'g}dé)é%%%ei?‘léngggf’g’2 0 MAY 2003 39 termnal, and the
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.



out put straight. And, during recording, the operation circuit 3 sets the
~output voltage of the DA (Read) converter 6 to be equal to thezpabgw&
voltage of the D)A (I b) converter 14 at the reproduction. Wil e! t%@a
State changes fromrecording to reproducing, the control signal of the
current source 7 is switched by the @8 tch 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

out put of t-he laser is input to the servo anplifier 5 fromthe nonitor

Ci r ClBBEST ,MGDE 'P@CEXEEUTEEe THENGNYVENTI®ONEr vo anplifier 5 is generally
narrow, the output of the servo anplifier 5 does not change just after the
SW t c{Enlsbdieeres 1jie output voltage of the D/ A(Read) converter 6 can be
~W ° gradually changed to the reference |l evel of the reproduction power PR

to be trangesidrtort hg ihé’éiroﬁéhl‘_x%tlatag:ﬁfger%t?f? r§@£89<?§#1090p0mr

control. In this way, the transient resp he™ sw ng can be

Do s R AL ) O Ve PPRVRHG FRECRrRY e R AP BBERABR [ he Theer
ised Tor D eFE (0A0LRmER BErReRRENas KEMS ek BRpEanRe o | aser
|t o R oot carPn LR C3Eh, AT GTci e TR v RPEROn| AR a
nen TRl et [ FodRERGRERE, b P ey ey Al vANEE 26 SRRy 2003 41
*com Lommodie L SO, Bne SRR EERSPaLBGRRG.  MepriRIac R EBBA BPNET or
e SRR B T AR RLARGLY 2 Pogl o EoR o SRREPArRNS 1o
Ton AL 010 @ al DR SRB9UEL2N k3 Phe ad P RISHEE] kSt Pefore

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.. 1In figure 1,
numeral 10 denotes a semicondﬁctor laser for radiating-laser
light to an dptical disk; ﬁumeral 1 denotes a photodiode for
(wj 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; numerél 4 denotes a
sample-hold circuit (a sample-hold means) for sample-holding
the output of the monitor circuit 2; numeral 17 denotes an A/D
converter (an A/D conversion circuit) for subjecting the output
of the sample-hold circuit 4 or the output of the servo

amplifier 5 to be described later to A/D conVersion; numeral 3



a bias power setting neans for setting a bias power which is a m ni num

. power outputted by the sem conductor |aser at recording of pits into the
optical recording nedium to a sem conductor |aser driving nean ﬁn t he
basis of a nonitor value of the reproduction power nonitor neani; AhNerss
power nonitor means for rxionitoring24n erase power which is a power
outputted by the sem conductor |aser at erasing between pits of the optical
recordi ng medi um by sanple hol ding; an erase power setting nmeans for
setting the erase power to the sem conductor |aser driving nmeans on the
basis_of a nonitor value of the erase power nonitor neans; and a peak power
set t i FRPERH AT PPeveting sipcud tpdeer operdt icn aneans jrufopovplereitiiziy t ed
by the sem conductor |aser at recording of pits into the optical recording

nedi Uhe eutmuts eaf cohedudydr chaverter Wng meeical by @eesekkng & /m0Ni t or
val ue ~ 0 MAY 2003 42 of the erase power nonitor neans. 2. A |aser

cont rinveppamat (s mbfehenosat voll sagepetrircd) FREEQONEYEiRg Laser in an
optical recording/ reproducing apparatus for perform ng

r ecoralitpwtr exff athee toperaniohf eorcantoBt ikeAlD /A Yolers S681 CARUELYT 5 aser,
conprising: a photodiode for detecting a |ight of t%e sem conductor | aser

a curdemoitiesold agave® b 3i PlePERAR EPFoTORLE %R n?é’éﬂ%ntaﬂf ot

phot odi ode to a voltage and outputting the voltage; a reference voFtage

Sour cagllarideol Goig oSt SUCLRETOROMEE O HS SUH CObELOL | psgtiien

error detection neans for detecting an error
by thhecoutpalt/ WF tage KORVESS| ONr8BARS22Rg 1&9{39&%{1&3&’0' tage, a
g e

..current source for passing a current through Sem con ué?%ﬁ;laser;
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 tb D/A conversion; numeral 16 denotes é D/a cbnverter
(wj (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 lasexr
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



. a reproduction power control systemfor connecting an output of the error

detecti oh neans to the current source, and controlling the repgqpr&yigﬂ
power of the sem conductor |aser; a bias current setting nmeans fo e Qﬂng

a bias current to be passed through the sem conductor |aser; a switch neans

for selectively switching between a2soutput of the error detection neans
and an output of the bias current setting neans, and at the reproduction,
connecting an output of the error detection nmeans to the current source to
formthe 2 0 MAY 2003 43 reproduction power control system and, at the
recordi ng, connecting an output of the bias current setting neans, instead
of tthe cdgrdduitidie B6f OhalthgCthenoput donddnicUid etdnsoruceeda

sanpl e-hol d neans for sanpl e-hol ding the output voltage of the

cur iRt /pH tAGE COHYEES6PN1 ABaRS 18 the potidditidle an; efRseméHiteRt setting
means for deciding an erase current to be passed through the sem conductor

| aselii-ca sRea Set i : s ef, o el ' Ir to be
glgcﬁlﬁ.&e%h%é S rv6 amﬁglma? s, th%egm Rbrrdtaade Colf T €Rk
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passe roug e sem conduct or aser; and an oper at | on nmeans for

Opefogtéfa&i%%} JaAleh of ; tPRe® @ﬁecﬁugn@aats sat.t i @@;@{%ﬁgg mglegkhol .

current setting neans on the basis of an output val ue
nmearny é?. Ay | aser control apparatus which controls a power of a
sem conductor |aser in an optical recording/reproducing apparatus for

perf o M g, 1eeard 06! £R8" PHELIARCLBLO o DA A fdlng CFpEdi g medi um
y a seni'Conductor  Tasér) conprising: .1 a semconductor Taser power
o TSR L UL BB e IR R e T
ref%%%%%%d@%iﬁ%ﬁ%ﬂé%‘ééfégeb$e88%82£56§s 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 driviﬁg 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 péwer 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.



by the semi conductor |aser at reproduction just before recording and an
. actual output power value at the reproduction, which value is detected by

t he sem conduct or | aser power nonitor neans; ~ ~ SAY ~UU3 44
sem conductor | aser power control neans for setting a out put pZa%J“NEE@Q?
value to a sem conductor |aser driviB§ neans on the basis of a detected
result of the output error detection neans; and an out put power target

val ue correction neans for correcting the output power target value on the
basis of a nonitor value of an output of the sem conductor |aser driving
means after the_output power target value is set. 4. A laser contro

appar at us hiaddibhenol the pvase pbwersemirmicrskidiedns a5®0 whian opti cal
recordi ng/ reproduci ng apparatus for performing recording/reproduction

i nt ofPRdkoas .oy cal sainske biloads eanc enrdised YowedS AhicWDS | §1 Phwed

phot odi ode for detecting a |light of the sem conductor |aser;  a

cur r entpuditesty oy driver sémbcohdadtbrf 0B seaN s ik ihd WE e ObpthRa
phot odi ode to a voltage, and outputting the voltage;” a re ereﬁ%e voﬁtage

sour recbadicec imEdiguR PO CHi €8 pgv\@(m@@ﬁ&{?g %’en ' qﬁ)&g*lgégr | aser;

an error anplifier for anplifying a difference e vol tage

out patediby 2, ha g leohé 2CEPBUSESUON AEl G AR IR, LEf spenge
ge; a current source for passing a current throug es onduact or
| aser; BulrtMeY ,2QDFemiconductor laser driving means 600 which
drives the semiconductor laser 10 is constructed by: the D/A
converter 14; the switch means 13; the current source 7; the
D/A converter 15; the current source 8; the switch means 11;
the D/A converter 16; the currént source 9; and the switch
means 12.
Ngxt, 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
ﬂconverted'to a voltage in the monitor circuit 2.
When a reproduction from an optical disk is perfofmed, a
(u; reproduction power reference voltage VR which is set by the
operatiqn 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



i ting an output of the
reproducti on power control systemfor connec _ _
g?rgr aﬁpl i fier topt he current source, to coBtroI thg [ﬁf(rjagﬁcé ;ﬂgrﬁAp;O\év&]rs, a
| [ [ I di t to be passe
DY A power circuit for deciding a curren _ _ _ -
seni ; i | ectively switching between
sem conductor |aser; a switch neans for se : : n
i fi f the D)A conversion circuit,
ut of the error anplifier and an output o _
?gt Ir[:nke a control signal of the curre@7 source; and an A/ D con?/g][sl Onand
circuit for selecting one of an output voltage of the error anplifier
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voltages to digital conversion; wherein a digita

conver stepred uetidniFoRes Pﬁ‘érg?xctehsg?ﬁasgéét\ﬁg i%ﬁ%ﬂ%i%%tf)ﬁgﬁlgﬁe&ipﬁ 1Pi er

conversion circuit, and at the recor

' | f the DDA conversion circuit and the
cur f\elzmnt Cgfe dﬁ?ﬂﬁ%ﬁ%?ﬁqgg %%ggt i%)t éf}ﬁ"t FeFpEding into| aseoptimalr diskpphreat us
whi ch controls aggowe'r of a sem conductor |aser in an opti cal

d

recor di%‘b?vreé'ppcg £ ngeapgandustonrlaserf dQy ag showdi i/ figR{rRIUE! iagR

into/froman optical disk by a sem conductor |aser, conprising: a

phot odim@d ylatedeinto ithyez vabhes ot bh&ssﬁ@%@?rﬂﬂmﬁfaéflgﬁr’%&?f&?ag
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current/vol tage conversion circuit for converting a
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reference voltage source for deciding a'r t1on-po : rence between
the outmut vorraseliad Bt By, 818145 Koy oRvERat db che stasmpower
PE is controlled by the value obtained by adding the bias power
current Ib and the erase power current le, and the peak PP is
controlled by the value obtained by adding the bias power cﬁrrent

Ib, the erase power current Ie and the peak power current Ip,

respectively. The modulation of the semiconductor laser 10 is

performed by turning on or off an addition of the erase power

current Ie to the bias power current Ib by the switch means 11

which is switch by data EFM1, and also performed by turning on
(,,« or off a further addition of the peak power current Ip, by the
switch means 12 which is switched by data EFM2.

By f,he 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 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 seniconductor laser; a switch neans for sel e@ Qvghy 2003
switching a control signal of the current source to switch between an
output of the error anplifier and arg®utput of the DA conversion circuit;
an A/ D conversion circuit for subjecting an anal og 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 perforned, outputting a digital signal to the
D/ A camveolied bir thie D/2eadiply chareeetn1Ehe ORP¥hes i@ rfinghe A'D
conversion circuit, obtaining a change anmobunt in power in response to a

changike asembEohautiterc et 19 idans@riseaduc el at the
recording, outputting the digital signal va ﬁeaggtg?%eglﬁgggé to the DA

Conves it epehasHi! to thed MY el sl B3EEuERR Ol APRAS! US whi ch

controls a power a sem conduct or aser 1 n an” op
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into/froman optical disk by a sem conduc

Cr T B0 &m0 e ORFR T RB ol dr rent of the phot odi ode
deci di no g S0 8atcrraw Baferty 4 I itidhl: Sheputoradioam ot
curran e TasacSkol TIRERL TN o, i ErErerE e P E abbe Boddtedn |
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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 intervéls 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 unsharpening of signals occur in the |

photodiode 1 and the monitor circuit 2, thereby the output
waveform of monitor circuit 2 includes unsharbening, the
. waveform does not reach the levels of the peak power and the
bottom éower. 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. 2and accordingly, as shown in figure



a reproduction power control systemfor connecting an output of the error

. detection neans to the current source, and controlling the reproduction

(,

power; a D/ A conversion circuit for deciding a current to be passqﬁgtﬁﬂyugm3
t he sem conductor | aser; a switch neans for selectively sw tching between
the output of the error anplifier andgan output of the D/A conversion
circuit, to nmake a control signal of the current source; an A/ D conversion
circuit for subjecting the output of the error anplifier to digital
conversion; and 2 0 MAY 2003 48 an operation circuit for, in a period
during which recording is not perforned, outputting a digital signal to the

DA GON\ET<Sril & KL Lo ey | t i f the A/D
QONErSdniphl ELHELA teoh €280 NG § %ﬁg%%ﬂﬁ‘l}ﬁ'{iﬁy Pfée@?ﬁa#ggpgﬁg.gmto a

conversion circuit, obtaining a Change ano I'n "pOWer

changm e B ddedditn 464 €0imE! phll8 2 RAUMINHO Lo 8580 ‘?ﬁgpﬁt&ritgg during

recording) outputting a digital “signal VvalUe

wWhi cRyakheed: ' S f Q the DA conversion circuit. 7. A
| aser contro %%p@%aéf u%&?m%F%ﬁEcgﬁafgﬁghg Sg\/\é?’/eofpo&réterﬁ’l%%ﬂdﬁﬂaor | aser in
an ot | epr oduci n aratus for _perfornjng

r eco%ﬁ%ﬁ%&% é'[%) nf"’lugé%ff E%ﬁﬁaﬁggpFPBé‘lt% Yy ksl Iemeyated,

sem torn | aser rising: a sem conductor |aser power nonitor
rr~e§%§d#§re r%'l?r‘ﬁaet ord.%g‘ﬂﬁ %{ﬁ‘f)%tPBVthgEsgﬁ‘f‘c@ﬁd@&t@CtI%é?y an out put
erro ..on _neans .for, ecti an error between an out put power

refe gggéggépgéatgﬁmP%ﬁﬁqéﬁﬁfﬁpngYHBQitb@nﬁésﬁééetor | aser at
reproductaﬁn just .before recording and an actual output power value at the
_reproducti ﬁ)sﬁﬁpéﬁWhﬂ%ﬁa%%V%%t% tehepgrage pewezodsucanveried pover

.nDniﬁgﬁiggingélue 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) cohverter 15, and
the D/A (Ip) converter 16 are controlled as follows. Initially,
just before entering the recording state, the operation of
seeking (random—acgeSsing) a pickup containing a semiconductar
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 detecté



-a, sem conductor |aser power control nmeans for setting an output power
target value to a sem conductor |aser driving neans on the basi sdgf t he
detected result of the output error detection nmeans; ~ 0 MY 2008 MaYa2003
‘switch neans for making a state between the sem conductor | aser power
nonitor means and the output error detection neans OFF at the recording,
and making the state ON at the reprod@€ion; and an output error setting
nmeans far setting the output of the output error detection neans so as to

be equatheoleved ofitthe crase pewerepPE mtplﬂt?édt%n&eﬂ%dga?‘]agger'}ﬁ#@ﬁer
|

control apparatus which controls a power of a sem conductor

opti cal cireanitdangly W@%?W%&W@f@r"ﬁi g‘%ngfi{}grﬁggg%éﬂie&Sﬁé‘t?&tsorthl%ser ,

recordi ng/ reproduction into/froman optic

conpri sings phpet odi od r tecting a light of the sem conductor |aser;
a curreé\{tlyegﬁt agg ggﬁveﬁs/if‘tgn (g‘Fe)r cGPRVESteEonlRr tShgas cter evbtaim t tthe
phot odi ode,to a voltage, and outputting the voltage; a reference voltage

sour ce I?B?dﬁé%‘l'fﬂilﬂﬁdaeFéﬁﬁoﬁQ&‘tﬂlb_rPlbomEroroEXQMpke,n"atsosﬁmﬁ;ﬁr ihagehrean
error anplifier for anplifying a difference between the output voltage of

the cur?edn/ eastafeatdhvier diesired reeliset ke theak @&r‘é?cf‘o L tﬁgﬁe U rent

source for passing a current through the sem conductor [aser;

repr odyséwed opthe ELREE Ghowkst r ti n output of the error
amplifier to the current q'J')s%ur c’e%%g the'Siine Vaide 45 that of the D/A

ol e Setegtef, 05 B el BBl Ry eRL b albats et to
§ '&/32 N@@?; @%@Qgééfﬂ%ii%lpc%ﬁ 2 Sa|RE]isapbdajnad} cMbceldrdbibg] PHE ¢a] cal ca
ool ST S il Tl Gower cutrent 1e with reopect
pect to the set
value of the D/A (le) converter 15 is nét generally equal to the
peak power current Ip with respect to the set \;alue of the D/a (Ip)
converter 16, and therefore the set value of the D/A (Ip) cdnverter
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
U 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,
le : Ip = (PE - PE) : (PP - PE)
Ip = (PP - PE) / (PE - PB) X Ie
that is, the value which is (PP - PE) / (PE - PB) times the value of

Ie can be calculated to be set to the D/A (Ip) converter 16.

By performing such control, a peak hold and a bottom hold

are not required, and it is not necessary to use the high-
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semiconductor laser power monitor means 700 is constructed by
the operation circuit 3, the D/A converter 6, the servo
amplifier 5 and the A/D converter 17.

Further, the semiconductor laser power control means 900
which sets an output power target value to the semiconductor
laser driving means 600 on the basis of the detected result of
the output error detection means 800 is constructed by the
operation circuit 3.

Further, the output power target value correction means

- 1000 which corrects an output power target value on the basis
of the monitor value of the output of the semiconductor laser
driviné 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,
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Then, before or after the state is switched to that of
recording, the output of the servo amplifier 5 and the voltage
of the D/A (Ib) converter 14 are detected and compared in the
A/D converter 17 and the operation circuit 3, by correcting the
set value of the D/A (Ib) converter 14 so as to make the above
detected and compared values equal to each other, can correct
the conversion error or the offset voltage of the D/A (Ib)
converter 14 and makes the bias current value Ib due to the
current source 7,'which value controls the bias power PB, equal
-to the reperqgtion current value Ir to control the
reprbduction power PR, so the value of the bias power PB can be
set at the most standard value of bias power, that is, the same
value as that of the feproduction power PR.
c;g Next, the invention of Claim 5, in this second embodiment,
corresponds to the inventions in which, before recording
operation at the rising of a driveA(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
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is set to be lower 1r_1 power than the reproduction power PR, for
example in case that PB = PR X 0.5 is desired, as described first in
the second embodiment as that éorresponding to the invention of
Claim 3, initially, before the operation of recordihg, the operation
circuit 3 controls the bias current Ib with using thé D/a (Ib)
converter 14, and sets the output power of the semiconductor laser
10 to have the same power as the reproduction power PR. Next,
the operation circuit 3 decreases the set value of the D/a (Ib)
converter 14, to detect the output of the monitor circuit 2 by the
A/D converter 17 via the sample-hold circuit 4 and to obtain the
set value of the D/A (Ib) converter 14 for the case of obtaining PB
= PR X 0.5. Thereby, it can be obtained how much the current is
to‘be smaller than the reproduction current value Ir to reduce the
bias power by half and in the actual recording operation, the bias
power current value Ib is constantly set to be smaller than the
reproduction current value Ir by the previously obtained value,
and therefore PB = PR X 0.5 can be obtained. In obtaining the
relation between the set value of the D/A (Ib) converter 14 and the
bias power PB, the whole set values are not necessarily required to

be obtained as in table and they
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As described above, the relation between the set value of

thé‘D/A (Ib) converter 14 and the bias power PB is previously
obtained, and therefore the output of the servo amplifier 5 is
detected by the A/D converter 17 when the sﬁate is changed from
the state of reproduction to the state of recording and the
bias current value Ib to control the bias power PB can be
added/subtracted to/from the reproduction current value Ir to
control the reproduction power PR, so the bias power PB can be
set freely. Accordingly, the optimum bias power PB can be set
in accordance with the kinds of the optical disks. Figures 5
show optical output waveforms in case of changing the bias
power. Figure 5 (a) is for the case of setting the bias power
PB = the reproduction power PR, figure 5(b) is for the case of
setting the bias power PB < the reproduction power PR, and
figure 5(c) is for the case 6f setting the bias power PB > the
(W} 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
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between the set value of the D/A (Ib) converter 14 and the
converted value of the A/D converter 17, the whole set values are
not necessarily required to be obtaiped as in table and they can be-
obtained by being interpolated by one or plural points.

As described.above, the relation between the set value of the
D/a (Ib) 'converter 14 and the converted value of the A/D converter
17 is previously obtained, the therefore, without detecting the
output of .the D/A (Ib) converter 14 every time by the A/D
converter 17 when the state is changed from the state of
reproduction to the state of recording, the bias power current
value Ib. to control the bias power PB can be set to be equal to the
Lj 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-
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mentioned embodiments, the same numerals are used and the

description will not be given.

This third embodiment corresponds to the inventions as
described in Claims 7 and 8 of the present invention, and it is
possible to prevent an unusual output light from being radiated
according to transient response of thevreproductibn APC.

Figuré 6 shows a laser control apparatué 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 operafion 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
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10%BifruI¥d Y@k thed recording, and, as the gain is high and the
band is narrow in the servo amplifier 5 generally, the output
of the servo amplifier 5 is saturated to the side of + or to
the side of -, and by the setting of D/A (Read) converter 6,
the output voltage cannot be kept at the constant value. If
the state in which the output is saturated to the side of + at
the recording is switched to the reproducing state, as shown in
figure 7, the large current flows just after the control signal
of the current source 7 is switched to the output of the servo
amplifier 5 by the switch means 13, and is finally settled as
the reproduction power, but an unusual output light according
to the transient response is radiated. There is no problem in
an optical disk into which the recording.is performed at every
sector and in which gaps such as unfrecorded regions exist
among sectors. However, in an optical disk such as a CD-RW
having no un-recordéd regions among sectors, whéh the reéording
(m} 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 + inpﬁt
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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 ampiifier 5 does nbt change just after the switching.
Here; the output voltage of the D/A(Read)vconverter 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
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power stably when the output light is modulated at high speed.
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S9610%@: () SS3 @& @Bomltrol Napparatus which controls a power of a

| semiconductor laser in ‘an  optical recording/reproducing
apparatﬁs for pcrformikn.g récording/reproduction into/frdm 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 .thc semiconductor laser at
recording of pits into the optical recording medium, to a
semiconductor laser driving means on the bésis 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
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2. A laser control apparatus which controls: a power of a
semiconductor laser in an optical recording/rcproducing
appafatﬁs for performing recording/reproduction inté/from én
optical disk by a semiconductor laser, comprising:
a photodiode for detecting a light of the semiconductor laser;
a current/voltage conversion means for converting a current
of the photodiode to a voltage and outputting the voltage;
a reference voltage source for deciding a reproduction power
of the semiconductor laser;
an error detection means for detecting an error between the
~voltage outputted by the current/voltage conversion means and
the reference voltage;
a current source for passing a current through the
semiconductor laser;
(J 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 curre.nt to be
passed through the semiconductor laser;
a switch means for selectively svvitching 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
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10< 10<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 peakAcurrent to
be passed through the semiconductor laser; and

an operation means for operating set values of the erase
current setting means and the pPeak current setting means on the
basis of an output value of the sample-hold means.
3. A laser control apparatus which controls a power of a
semiconductor laser in an optical recording/reproducing
‘apparatus for performing recording/reproduction into/from an
Q optical recording medium by a semiconductor laser, comprising:

a semiconductor laser power monitor means for monit.oring
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 la}ser. 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;
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on the basis of a detected result of the output error detection
means; and | | |

an output power target value correction means for correcting
the output power target value on the basis of a monitor value of an
output of the semiconductor laser driving means after the output
power target value is set.’
4. A laser control apparatus which controls a power of a
semiconductor laser in an optical recording/reproducing
apparatus for perfqrming 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;
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a D/A power circuit for deciding a current to be passed
through the semiconductor laser;

a switch means for selectively switching between an output of
the error amplifier and an output of the D/A conversion circuit, to
make a control signal of thé. current source; and

an A/D conversion circuit for selecting one of an output_
voltage of the error amplifier and an 6utpi.1t voltage of the‘D/a
conversion circuit, and subjecting the voitages - to digital
conversion; wherein

a digital value of the D/A conversion circuit is decided on the
basis of a digital value of the A/D conversion circuit, and

at the recording, the output of the error amplifier is switched

over to the output of the D/A conversion circuit and the current of
the current source is controlled.
5. A laser control apparatus which controls a power of a
semiconductor laser in an optical recording/reproducing
apparatus for performing recording/reproduction into/from an
optical disk by a semiconductor laser, comprising:

a photodiode for detecting a light of the semiconductor laser;

a current/voltage conversion circuit for converting a
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voltage;

a reference voltage source for deciding a reproduction
power of the semiconductor laser;

an error amplifier for amplifying a difference between the
output voltage of the current/voltage conversion circuit and
the reference voltage;

a current source for passing a current through the
semiconductor‘laser;

a D/A conversion circuit for deciding a current to be
passed through the semiconductor laser;

| a switch means for selectively switching a control signal

of the current source to switch between an output of the error
amplifier and an output of the D/A conversion circuit;

an A/D conversion circuit for subjecting an analog signal

outputted from the current/voltage conversion circuit to

digital conversion, and outputting the converted signal; and
an operation circuit for, in a period during which
recording is not performed, outputting a.digital signal to the
D/A ¢onversion 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.
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optical disk by a semiconductor laser, comprising:
a photodiode for detecting a light of the semiconductor laser;
- a current/voltage conversion means for converting a current
of the photodiode to a voltage and outputting the voltage;
a reference voltage source for deciding a reproduction power
of the semiconductor laser;
an error detection means for detecting an error between the
voltage outputted by the current/voltage conversion fneans and

the reference voltage;

a current source for passing a current through “the

semiconductor laser;

a reproduction power control system for connecting an
(J output of the error detection means to the current source, ahd
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 subjectlng the output of the

error amphfler to d1g1ta1 conversion; and
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10%& (pot performed, outputting a digital signal to the D/A conversion
circuit, readmg changes in an output signal of the A/D conversmn
circuit, obtalnlng a change amount m power in response to a
change amount in the current of the semiconductor laser, and at
the recording, outputting a digital signal value obtained in the
period during which the recording is not performed, to the D/A
conversion circuit.
7. A laser control apparatus which controls a power of a
semiconductor laser .in an optical recording/reproducing
apparatus for performing recording/reproduction into/from. an
optical recording medium by a semiconductor laser, comprising:

a semiconductor laser power monitor means for monitoring
an output of the semiconductor laser;

an output error dqtection means for detécting an error
between an output power reference value to be outputted by the
seiniconductor 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;
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reference value at the recording.
8. A laser control apparatus which controls a power of a
semiconductor laser in an optical recording/ reproducing
apparatus for performing recording/reproduction into./ from an
optical disk by a semiconductor laser, comprising:

a photodiode for detecting a light of the semiconductor laser;

a current/voltage conversion circuit for converting a current
of the photodiode to a voltage, and outputting the voltage;

a reference voltage source for deciding a reproduction power
of the semiconductor laser;

an error amplifier for amplifying a difference between the
output voltage of the current/voltage conversion circuit and the
reference voltage;

a current. source for passing a current through the
semiconductor laser; |

a reproduction power control system for connecting an

output of the error amplifier to the current source, and -
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controlling the reproduction power;

a D/A conversion circuit for deciding a current to be
pasSedvﬁhrough 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 tb the output of the errof 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.



