;1" _"e3epP6T zJ i ,0 5 FEB 2003 DESCRI PTION *@00002* OPTI CAL DI SK DRI VE

TECHNI CAL FI ELD The present invention relates to an optical witi ngﬂrﬁaeptigﬁ%ua
appar at us for optically witing, erasing, or reading a signal on a

reécordi ng nedi um by enpl oying a l'ight source such as a laser and, nore
particularly, to offset adjustnent id a rewitable optical disk dr| ve such

as a CD-RW (Conpact Disc - ReWitable) drive. BACKGROUND ART

years, an automatic adjustment function of a control systen1MWMmmmmmmmmmN
writing/readi ng apparatus has been devel oped by introducin " 166166°

m croconputer. Conventionally, there is an optical witi ng/ read| ng

appar at us di scl osed i n Japanese IREIRISHd®N at ent Appli cation
9- 320067, wherein the power of a |aser applied to a recordin “‘M Nn“\
alter nately swi t ched between the power at reading and the po
and a top peak value and a bottom peak value of an error si gnal
outputted froman AGC (Aut o GATACEDNDPIBK)DRIVEhi s power SMAtChlng are
detected by a peak hold circuit, and then offset adjustment is perforned to
renove a difference between these peak values. Hereinafter, a description
wi Il be given of an optical disk

TECHNICAL FIELD

The present invention relates to an optical writing/reading

apparatus for optically writing, erasing, or reading a signal on
-T) a recording medium by employing a light source such as a laser
and, more particularly, to offset adjustment in a rewritable

optical disk drive such as a CD-RW (Compact Disc - ReWritable)

drive.

BACKGRQUND ART

In recent years, an automatic adjustment function of a
control system in an optical writing/reading apparatus has been
developed by introducing é microcomputer. Conventionally, there
(;) is an optical writing/reading apparatus disclosed in Japanese
Published Patent Application No. Hei. 9-320067, wherein the power
of a laser applied to a recording medium is alternately switched
between the power at reading and the power at erasing, and a top
peak value and a bottom peak value of an error signal which is
outputted from an AGC (Auto Gain Control) at this power switching
are detected by a peak hold circuit, and then offset adjustment
is performed to remove a difference between these peak values.

Hereinafter, a description will be given of an optical disk



,0°5 FEB 2003 2 drive which perfornms reading, witing, or erasing of an

optical disk, for exanple, a CD-R (Conpact Disc - Recordable) or qéfﬁgﬁyv
(Compact Disc - ReWitable), as a conventional optical witing/re 2003

apparatus. Figure 11 is a block diagramillustrating the construction of a
conventional optical disk drive. An optical pickup 1 is conposed of optical
el ements such as a laser light source |like a |laser diode, a collinmator

| ens, an objective lens, a polarization beamsplitter, a cylindrical |ens,
and the |like, and a photodetector (not shown) having light receptive parts
of predeterm ned patterns, and the objective lens is driven by a two-axis
act uagipivé naiisthoyven fodhe veddioed, pcliimdg, det e img effl ent epdiiglt of a

| aser which is applied to a target track on an optical disk 3 being rotated
by a gpspdl eormétdm@l e, The aRptreci{Crhd@nali sl Wi ridaadi ng | @mHRWhi ch

i s obtained during reading on the basis of the ampunt of the reflected

| aser (tombdct rorgd he et Cedbl)SK ak Antbragiteishd INfapdiridion by wobbl i ng
grooves. An error signal generation unit 4 generates a focus error (FE)

si gnajr bYiddler asdiwgedpsapamidod on the basis of the signal supplied from
the optical pickup 1, generates a tracking error (TE) signal by the

push-pul | meigned, 1and soul pubekt REEGrafr YO185EPht$hgNehe SbdsteudRibhf set
adj ustment unit 5. The offset adjustnent unit 5 adds or subtracts an offset
adj USéﬁB&ltc&ﬁ}é&ﬁﬂp%ﬁﬁ@aptﬂ%%m_s 7 to/fromthe servo
An optical pickup 1 is composed of optical elements such as
(t) a laser light source like a laser diode, a collimator lens, an
objective lens, a polarization beam splitter, a cylindrical lens,
and the like, and a photodetector (not shown) having light-
receptive parts of predetermined patterns, and the objective lens
is driven by a two-axis actuator (not shown).
The optical pickup 1 detects a reflected light of a laser
which is applied to a target track on an optical disk 3 being

rotated by a spindle motor 2. The detected signal includes a

reading signal which is obtained during reading on the basis of

P

the amount of the reflected laser light from the optical disk 3,
and address information by wobbling grooves.

An error signal generation unit 4 generates a focus error
{FE) signal by the astigmatism method on the basis of the signal
supplied from the optical pickup 1, generates a tracking error
(TE) signal by the push-pull method, and outputs these servo
error signals SEl to an offset adjustment unit 5.

The offset adjustment unit 5 adds or subtracts an offset

adjustment value stored in a storage means 7 to/from the servo



05 F E B 2003 3 error signal SE1 supplied fromthe error signal generation
unit 4 to cancel an offset of the servo error signal SE1, and outp@$ ERB 2003
of f set-cancel ed servo error signal SE2. An AGC 15 nornmalizes the servo
error signal SE2 received fromthe offset adjustnent unit 5, on the basis
of a signal indicating the sumtotal &f the ampunt of |ight detected by the
phot odet ector, and outputs the nornalized servo error signal SE3 to a
control unit 9. The control unit 9 determnes the characteristics of a
servo | oop, such as phase conpensation of the servo error signal SE3 and
the like, and outputs the servo error signal SE4 to a driver 10. The driver
10 i se@rékr elighal OSETr s wbmDi éd cEsonn ot lan e B rcae ke ih Sc taai et idn wectei ot of
the servo error signal SE4 fromthe control unit 9, the driver 10 perforns

focustBgcandel r agkd PEsEONG £ Okh& Oséisvd @ hd MG e DIBREC! i ared | RS ths t he
optical pickup 1 v into an optimum state with respect to the optical disk

3. A LREehfpoO¥RLcaNté Lo NGe S¥ 6 Caltfod s ichagexd he | aser power emtted from
the optical pickup 1, thereby perform ng reading/erasing of data fromthe
optical di g Hheon sVhicrdd i%ksddhd sBEGot Berop! k¢ghadi $k23received

from the offset adjustment unit 5, on the basis of a signal

indicating the sum total of the amount of light detected by the

photodetector, and outputs the normalized servo error signal SE3
9 -
- to a control unit 9.
The control unit 9 determines the characteristics of a servo
loop, such as phase compensation of the servo error signal SE3

and the like, and outputs the servo error signal SE4 to a driver

10.

The driver 10 is a circuit for driving focusing and tracking
actuators. On receipt of the servo error signal SE4 from the

control unit 9, the driver 10 performs focusing and tracking

control so as to bring the objective lens in the optical pickup 1
Qz) into an optimum state with respect to the optical disk 3.

A laser power switching circuit 12 changes the laser power
emitted from the optical pickup 1, thereby performing
reading/erasing of data from the optical disk 3, or writing of
data into the optical disk 3.

An offset detection unit 6 has a peak hold circuit. The
offset detection unit 6 detects the servo error signal SEl1 when

the laser power switching circuit 12 switches the laser power

from the optical pickup 1 alternately between the reading state



An"of fset detection unit 6 has a peak hold circuit. The offset detection
unit 6 detects the servo error signal SE1 when the | aser power sysﬂ@ 03
circuit 12 switches the |aser power fromthe optical pickup 1 alTerna 3@
between the reading state 0 5 F E B Z003 4 and the erasing state. The
peak hold circuit (not shown) detects4a top peak val ue and a bottom peak
val ue of the servo error signal SE1 in the reading or witing state of the
optical disk 1, and stores these values in the storage neans 7. Further,
the offset detection unit 6 detects a difference in the servo error signals
bet ween the reading state and the witing state of the optical disk 3 on

t he basdstipéd éhesinp Ppestke val Tike apéea k hiso bt ¢ Drayweek (rvett Ushdin it e tser v
error signal which are stored in the storage neans 7, and obtains an of fset
adj usi e ped Kevalhie larcdne st tidhh el i Feflancar ale Heaws driterof f set

adj ustnment value in the storage neans 7. As described above, the

convegi yearl soptikalhdisdadiiy & Paidiof ity oftfax@l oadjtd Byt cand gajkn 1,

adj ustment for the focusing and tracking servo system during readi ng or

Wi ti 994 of tdAes optd Sl valiids 3in 1R a6 Y mlddNd .t hemsaiig- Sualem so t hat
the objective lens in the optical pickup 1l is brought into an optinmmstate
Wi th §espectddedtiorPRid0al 6 Hetedks | diter HANRNLIORR 1RGRA Qg descri bed
above, however, when performng witing on a recordable optical disk such

as a {hyky {OwParder fe rdREAN e Und tHe Wi(tg‘?{?)%cttatg ¢ Rewitable),

the gain of the servo loop is tenporarily increase ue to a response del ay

from yhencdheid dses pevEle PdGhidW &Ler Cea# p%%%n%%auteh%rﬂqg%we B lonf O When
e AGC conpletes gain control, whereby the servo system beconmes unstabl e,
£ Eugsém Jaid& f 83e YerBfd "SHHO s iR raiﬂi%n%%ems%gegf ihn;:ﬁ%ased 05

2003 5 especially when the | aser power 1s change speed as in

t he @&f%ien ,fowyerar@rsﬂtfeli)nsorg&f%'ﬁ%ts%?ggﬁrg&g{esn; R)gqugp%r{g@ writing

power, or I gh-'speed witing.on the op is carried out by the
i mprq h A& fed i dECeia e f ti [ d,i :
Furthaé%?césﬁce,ﬂljnlt elgaglnvegnﬁﬂonal rree%gg{g{é oo?fffss%{% ga b'lus%h%gltl é’la\é/tg}%ri ed out

by alt.er 1 | the | aser output power between the reading power
and t rgég?éagéﬁ/nogﬁ%&o%\e%% ata witten on the disk m ght be destroyed.

Furthermor g WRsERELVE! LhBYeOPEhA! LBAVAAL B8 FORN AL SKai sk drive
performs offset adjustment and gain adjustment for the focusing
and tracking servo system during reading or writing of the
optical disk 3, thereby controlling the servo system so that the
objective lens in the optical pickup 1 is brought into an optimum
state with respect to the optical disk 3.

In the conventional technique described above, however, when
performing writing on a recordable optical disk such as a CD-R
(Compact Disc - Recordable) or a CD-RW (Compact Disc -
ReWritable), the gain of the servo loop is temporarily increased
due to a response delay from when the laser power switching
circuit changes the laser power to when the AGC completes gain
control, whereby the servo system becomes unstable, resulting in

the fear of off-servo. The influence might be increased



i s"necessary to servo-control the optical pickup on the basis of the
detection signal of the reflected Iight fromthe disk at the erasi ng power
of the laser, an offset adjustnent value for witing is required §s deE B r2pg3
an of fset adjustnent value for readi ng during which the optical pickup Is
servo-controlled wth the detection sPgnal of the reflected |ight fromthe
di sk at the reading power. Myreover, in the push-pull nethod as the
tracking error signal generation nethod, since an optical offset may occur
due to deviation of the optical axis of the photodetector as a
i ght-receptive el enent, an offset adjustnment value for witing nust be
obt ai AEACEbALL YeVRY ERe bREFEAPOWRF skt . Charaed exlertighaRReDAS siade in
vi ew of the above-nentioned situation and has for its object to provide an
opt i ckhedPB& &PPL R BewerrCorif ok m epevatton ragekinedicy the mpwimim t he
stability of the servo system even when the gain of the servo system 05
FEB 20DBtBnghpages, sbyniher ant ¢ly- spred peritimg mp whe iopfiorel i dptizal
di sk. DI SCLOSURE OF THE | NVENTI ON The present invention is nmade to achi eve
t he abaveiedscutbed b etnprewet stecpmiqee h sthelriewerde o InprtentCl ai m 1
conprises an optical pickup for emtting a |laser to an optical disk as a
r ecordf ngpieda Lingiskddsiyeal - processing a reflected light fromthe optical
di sk; a servo error signal generation neans for generating a servo error
signal of a&urdhesi,ngiame,t diaclkthegceaveatipabémmbetbod, heffetktectptulight; an
of fset detection neans for detecting an of fset which occurs in the servo
errorisigaatiedeotd efalsrmptaly datitadkimg tdie drasEy enttipust lpevsert n t he
czgtical pi ckup, and obtai ning an offset adjustnent value for canceling the
f sebetweenf tiset r eali irsg meowe rmeamnd o eackl irgy thwevenf,f staadjnititeentorval ue
to the servo systemto cancel the offset of the servo systemwhich is
det ectiesl disk heigtif de¢ dled texdyerh. means; a gai n adj ust ment neans for
adjusting the gain of the servo system a |aser power sw tching nmeans for
changi ng t larmphermoafe,t Ha kahsewrdtinhbgedpketramibheoaptheatDpREkdpska tenmand
means for outputting an offset adjustnent conmand, a gain adj ustnent
commabsl, nersk satpses sperws-cm it nthe opminth I @ itdkapofdrs ath eadjassitsmertt
nmeans, the gain adjustnent neans, and the | aser power adjustnent neans,
r espettie vézdtye ctai et os Agyea Ireaih st Heorr éfitill ettt alni ity Srforadjhiestdimd atalthe, a
gai n adjustnent value, and a | aser power, which are to be set in the offset
adj usé resingrgameer tde gee Nl axhstaredf fmensdjudtment FaBu20Edr and t he
| aser power adjustnent neans, respectively; and a driving neans for
receiwtigindel serequisredrasidmai rorarnth @i fRE ) s tillent WG 1siegfalr f or
controlling the optical pickups wherein a first gain adjustnment value and a
firstreddioed cayirsd maniclvathee dptilmesmlseiidkug hies Srwe-sitemldree stiahed in
t he storage neans, when the | aser power enmtted fromthe optical pickup is
a firhe |destegcipowers igml tdie o el ebtsdd driight ifrorhahactHriskzed lhet hat a
cond gain adjustnment value to be set in the servo system when a second
aserrgaiiaig isowt § t edofeonet heiwpthe abugh-epwil insetiddiiaredHy tardadkimei i c
operation on the basis of the first gain adjustnent val ue, the second gain
adj usé ot sidneel | gersetatiron heetgaid) adinest rentopteand, ofifdet RGO RE cofrf set
adj ust rent val ue for canceling an offset which occurs in the servo system
i s ohdwe ned,dewnih tt iven, o f hithes enuinictd lJaseri P @ rchegaho tadjetslovent asalaue, and
of fset adjustnment value are stored in the storage neans, and when the first
| aserl jpghverré Sesti te helkerian tt,hears ecfibt astjudioeeit ddliurg fidie wadttualg
operation, the switching of the | aser power and the switching fromthe
firstmga moadmisd imed sensied exnich pidisetopadjdist reptisetal ue to the second gain
adj ust rent val ue and of fset adjustnent value are carried out
si mul t aneogskypresent invention is made in view of the above-mentioned

situation and has for its object to provide an optical disk drive
which can perform gain control speedily to maintain the stability

of the servo system, even when the gain of the servo system



According to Caim2 of the present invention, in the optical disk drive
defined in Cdaiml, the second gain adjustnent value is in propo%iSOF to
the reciprocal of the ratio of the second | aser power when the fi t FE&sHI03
power is used as the reference. 0 ~ FEB 2003 s According to Claim3 of
the present invention, in the optical6disk drive defined in Claim1, the
first laser power is a |aser power at a reading |level, and the second | aser
power is a |aser power at an erasing level. According to Claim4 of the
present invention, an optical disk drive conprises an optical pickup for
emtting a laser to an optical disk as a recording nmedium and

si ghathqngee ssi qrgl & geeft lgc twdobn ipgprtf cimdmgt e idinigc @in dihsk jopd isarlv @ iexkr.or
signal generation neans for generating a servo error signal of a focusing
and tracking servo systemfromthe reflected lights an offset detection
means for detecting an offset which occurs in the servo error signal due to

def oQUBAIPOSVREI@IF aHd mMVENTONOb) ective lens in the optical pickup, and
obtai ning an of fset adjustnment value for canceling the offset; an offset

adj ust nent TReapsekentaddivagtibe 0&fHede abh UstESVe VaheCahOvéhge SEF VBe8YSt €M
to cancel the offset of the servo systemwhich is detected by the offset

det ecdifutiEaisd h A WEisenlr iRRaRscbediadl ¥st cnaikhe gamprakelshe
servo system a |aser power sw tching neans for changi ng the power of the

| aseraeraddiech i e /it il tAingk WPl a3 c¢ORBRAEH BRANEaN0HiaYt BYt &i Ng an
of fset adjustnent command, a gain adjustnment conmand, and a | aser power

SWi t Cfl d¥E LIOTHTBMH i, | R DT idela 1agirkeleiRAIh gTRARS £16Re e A gAY YSbaENt
ans, and the |aser power sw tching nmeans, respectively; a storage neans

{t3r haldide ampfdisat; adidestiprlrrval W8 gna198kReadiyshMRBEnkalye, and a
'aser power, which are to be set in thé offSet adjustnent neans, 05 FE
B 2OQ_})Em.erating a servo error signal of a focusing and tracking servo
system from the reflected light; an offset detection means for
detecting an offset which occurs in the servo error signal due to
defocusing or detracking of an objective lens in the optical
pickup, and obtaining an offset adjustment value for canceling
the offset; an offset adjustment means for adding the offset
adjustment value to the servo system to cancel the offset of the
servo system which is detected by the offset detection means; a
(;) gain adjustment means for adjusting the gain of the servo system;
a laser power switching means for changing the power of the laser
emitted from the optical pickup:; a command means for outputting
an offset adjustment command, a gain adjustment command, and a
laser power switching command to the offset adjustment means, the
gain adjustment means, and the laser power adjustment means,
respectively; a storage means for holding an offset adjustment

value, a gain adjustment value, and a laser power, which are to

be set in the offset adjustment means, the gain adjustment means,



9 the gain adjustnent nmeans, and the |aser power sw tching neans,
respectively; and a driving nmeans for receiving the servo error si |l and
outputting a driving signal for controlling the optical pickups V\/r@xiFﬁBa%%
first gain adjustnent value and a first offset adjustment value to be set
in the servo systemare stored in a firrst storage area provided in the

st orage neans, when the |aser power emtted fromthe optical pickup is a
first laser power; and the optical disk drive is characterized by that,
after the first gain adjustnment val ue and of fset adjustnent val ue obtained
by the adjustnment operation are stored in the first storage area, the

Conna%%dnﬁﬁ@s1@@b@uE@wércaaﬁaadméﬁt hebAENgretpetbeviager andt RUHCikORY he
optical pickup to the |aser power sw tching nmeans and, after the | aser

out pulpelat st ¥oRedeeklivingcend keribt BreBr ERGRES! ARE b@ﬁﬁutbaﬂgZL gai n
adj ustnment values to be'set in the servo syStem when second to mth |aser

pover g, ar8 ngMstihRd 1f #8M LRRteBLL ¢k Eh@kHBtﬁééloBiékﬁﬁd el hhgetic
operation based on the first gain adjustnent value, and the second to mth

gain gqt%%tGEQh alusenene §§§uénahaeagfhgs@dbP§§g@”&d%??@ﬁen@”@a&ﬂgn1

secon 0o mth o fSet adjustnent values for canceling sets that occur in

the S%rVgesgakeﬁha&ﬁeogg?beegyseeﬂ Lbe §€89?@ iR Hhéhs£§§§§epﬂ$§£§; gain

adj ust ment val ues, and offset adj ustnent values are stored”I n second to

mth $hahagheak 838 rPLEYI Qegm%Et%Bef§Bﬂr€HS ?E@Péa%dﬁ§gﬁﬁé Yg'ﬁéf?PQ during

t he actual operation, aser power omt Irst | aser

po“erl%%eénpewEF (Qnd'95898§t9851 §§§kt8§9vé 1s% %E?EE§E§98§ bg Eﬁ%t”Ot
rger than ower e second to n; easer tower he Crent
va|LZ@;%%°8FPs§?lha?§éP Qlﬁ?etﬁﬁégﬁ? Sa?ntéﬁ,aé%€3 98t Pnotnds

of fset, adiyghmeat e¥ags§|9r§scaﬁgkggd0?£oﬁ'9g epUS! Y AGOr ding to Caim

5 of the presen I'nv e opti cal rlve 'n Caim4,

h I
the S%%%anga thQ@ e@ghuéﬁﬁgg£1¥ﬁ Stﬁée %Q}QrgPOEﬁéoglfg eag%ﬂe first

reci procal's “of he ra I 0s  of secon tom aser powers

!ﬁiZLtBﬁngw%ﬁFﬁégggércéﬁgd.ségé "GEin RERiatREnt Ml 8 81 IE, BhECEN
power ain hﬁﬁEEmBﬁ ?E a £ﬁédé”9e£8xﬁ' @QgttQ EE&QQttQafh&h §
? t 5 F F evel s

i nt egéer ess aser powers are | aser I’S at erasing

Accor d, ﬂgeaﬁnglglcagfggttaﬁl Beééaﬁ{%”YﬁnEh oo0yieah fLsknPliNgs,

conprises an rcku OI’ em
and then, the second laser power, gain adjustment wvalue, and

23

aser

offset adjustment value are stored in the storage means, and when

the first laser power is switched to the second laser power
(:) during the actual operation, the switching of the laser power and
the switching from the first gain adjustment value and offset
adjustment value to the second gain adjustment value and offset
adjustment value are carried out simultaneously.

According to Claim 2 of the present invention, in the

optical disk drive defined in Claim 1, the second gain adjustment
value is in proportion to the reciprocal of the ratio of the

second laser power when the first laser power is used as the

reference.



optical disk as a recording nmedium and signal-processing a reflected |ight
fromthe optical disk; a tracking error signal generation neans f
generating a tracking error signal of a tracking servo fromthe rZI?eEEBdZBUB
light; an offset detection neans for detecting an of fset which occurs in
the tracking error signal due to detrd&cking of an objective lens in the
optical pickup or deviation of the optical axis of a photodetector, and
obtai ning an of fset adjustnment val ue for canceling the offset; O5FEB
2003 11 first and second offset adjustnent neans for adding two offset

adj ustnment values to the tracking error signal to cancel the offset of the
tracki ng erRotosdnql tavhCdim s3 def echhedodnsdrite ioffeaeti adet et itde neans; a
gai n adjustnment neans for adjusting the gain of the tracking servo: a |aser
power opailceili R skedns veodechiaerdi ng thaipower thé thestaseseenpbived fsom t he
optical pickup; a command neans for outputting an offset adjustnent
comangsex gaweraditust reatiiegmrend),aaddathaseecpamelasurt pbiveg ¢sngand to
the first and second of fset adjustnent neans, the gain adjustnent neans,
and thedaasgowlewat sy behisRagnearsl.respectively; a storage neans for

hol ding two of fset adjustnent values, a gain adjustnent value, and a | aser
power, Wwhi CRc@bedity e selaim 4 her ftnstpratsbiecanbmiifigt afidptimnt neans,
t he gai n adj ustnent” neans, and the | aser power sw tching neans,

r espegtiisieldyi vaneoRpeh s¥sNEen"g @&cEQVpEEQQFVEBH ERer E{RGKA NYa §EF OF o ShANAl ,
and . outputting a driving signal for controlling the optical pickup; wherein

the of %Eaédbﬂ§k”89taaﬁgcgéhﬁngdhﬁaﬁﬂﬁﬂtaﬁé 5DgniiackbBgssehyOaare carried
t affer the focusing is turned on in the state where a first | aser power

L9 setrdf] hed a36htPeY¥ER SWe! 6PiA8aTCaRSK; aRdsE Peo T LE 86 05 { §RA1 adj ust ment
val ue, gain adjustnent value, and | aser power which are set Dby the

abovedescii-Rednadi UREMBBES g@herat 9h§UadSe bbb SErAGE USIgRAT yAlyes in a first

storage area provided in the storagé neans; and tte optical disk drive is

char agl,e4iszad QMdFEEEck%B&eEeEUS_E&EEEmagkygtgﬁ@tr¥9188§e@b%f§ﬂ€g By the

adj ust ment operation are Stored in"the E B 2003 12 first storage
ar ea, e CONERRLL TBANRAHEPYLS AcCRBPRAY LAToFHSOE NGnPEL dBEut&aSER out put

to the |l aser power switching nmeans and, after the laser output Is turned

of f, $peoRdriB %%%BrgéﬁﬂnéﬁjHﬁE”@Btd¥§EH§§iﬁQZ§P|§§Eré@kiﬁE SET¥Q system

when second to (m integer not |less than aser powers are emtted

fro”‘B%%e%EE%%aheHECKHptﬁéeoﬁgﬁgkﬂeﬂigxuﬂfi£H&E$$§%Pﬂfﬁ&té§nopééég on the

first gain adjustnent val ue, the second to m gal h adj ustnent val ues

ar e S%hjh@th@ﬁtgéhﬂuédk5§tEFHEeTEﬁgsthé”Qf%QQQ; éﬁC&Pﬁs%Q fad dsahdset

adj ustmént val ues for canceling offsets that occur In the servo systemare

obt ai fedns2:! URABREOBHe! B2HLRE! B8GHSPAURE Sva il NBUikS! SBRYo 8y Seam and

of fset adjustnment values are stored”in second to mth storage areas

prOVi@%dc%ﬂc%hetﬁE0699§eHE@@SthE?%@?@Bi¥g£¥emaﬂﬂicﬁuf%P@eE &8¢! the
eration, when the [aser power is swtched fromthe first [aser power to

n-b&fg@%eaeegé@&oﬂnﬂegngQeasgggﬁdaa9u§t$@n£Q§@é?§0ﬂ§£8ad5@§tﬁﬁ§8£h ffset

adj ustment value and the n-th offset adjustnent value are set i he first

of f Selaadl U3t RRR! sBP3BSs9RMchNCaSea0Dd PhlSpl st UstiE the SRANor
respectively, sinultaneously with the swmtching of the [aser power fromthe
first - - I i t ' ; h
R e T R S T A TR S e L L
r 1 Or S LGARbnACARRAL! 28 BLRRMETRLOXRT, BY s LbCad] BOKhd: CE4fiha8h ONA
generation mans Is a push-pull method. According to alm9 of the present
: Lon. i 0 ~ B 3.1 Coal di sk dod dofi C0 d a
T e T e T R e AR S L RS
I I i I
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medi um”~and”si'gnal-processi ng a fe om i cal
Servoh%&%ﬁ%gshgn%%fset adjustment value, a gain adjustment value, and

a laser power, which are to be set in the offset adjustment means,



1 generation neans for generating a servo error signal of a focuiLﬁgﬁgnd
tracking servo systemfromthe reflected |ight; an offset detecti 8n2003
for detecting an offset which occurs in the servo error signal due to

def ocusi ng or detracking of an objective lens in the optical pickup, and
obtaining an offset adjustnent val ue for canceling the offset; an offset

adj ust nrent neans for adding the offset adjustnent value to the servo system
to cancel the offset of the servo systemwhich is detected by the offset
detection neans a gain adjustnment neans for adjusting the gain of the servo
system a | aser power sw tching neans for changing the power of the |aser

em ttedef GAANHt BajABEREAL RESKHP An&OFRBNDL SBANSoWOF S Path{inddnadndf f set
adj ust renf comand, a gain adjustnment command, and a | aser power sw tching

commandshacthgelt Sghaadi 45t UBRY ABARS. réher SaL Iy Ady Ust &l r e adsyoand the
| aser power adjuStnent neans, respectively; a storage neans for hol ding an
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and tBgei BSFT pPAYER, ShUSLIENL FEADS gaif) 2afufRe00hide I&spertively; and
a driving neans for receiving the SerYo erfo s gnal, andFoutputtlng a
dri vi . ‘ h i ¢ Ccal . i : . . .
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d ai nP3-of tFue p? sent SYRvent Yo, TH-Th tE)thII‘c ]tﬁssefg HIWE Uetihed in

Claim1l h irst,. laser,. power is, a laser .power a reading.evel, and the
sccontmt5EER bh0E, £hE 8Pt HeEF midile 408 lolted i AR 8 F P PO
Lexanpl e en the optical, disk drive shifts fromthe optica i sk readi ng
ot at eOB5TFREon PErRE Sherafi B et AT et o PR RS st men
and the gai,n ad%y t ment_can. be carriquout si mul t.aneously with the
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obtained, and the second to m-th laser powers, gain adjustment
values, and offset adjustment values are stored in second to m-th
storage areas provided in the storage means, respectively, and,

during the actual operation, when the laser power is switched

from the first laser power to an n-th (n: integer not less than 2



di sk drive conprises an optical pickup for emtting a |aser to an opti cal
di sk as a recording nedium and signal-processing a reflected |light from
the optical disk; a servo error signal generation means for genef) & iFE® 2003
servo error signal of a focusing and tracking servo systemfromthe
reflected lights an offset detection Imeans for detecting an offset which
occurs in the servo error signal due to defocusing or detracking of an
objective lens in the optical pickup, and obtaining an of fset adjustnent
value for canceling a offset; an offset adjustnment nmeans for adding the
of fset adjustnent value to the servo systemto cancel the offset of the
servoasydshem wWargbri shdat aft edsby pbweenf émetg dehecsecondeamsn—-th ghaver
adj ust mrent nmeans for adjusting the ~0 5 F E8 ?003 is gain of the servo
Syst epbwerksasehepewet cRVhCHENGhaedasef opowEnanghdothdeswDyeliing éhethaser
emtted fromthe optical pickup; a command neans for outputting an offset

adj ustriRRt gaAwBAdjustaaht ddlust sRAt o EPFERNED @SEhent BSLIuPOYET tisavi hehi ng
command to the offset adjustnment means, the galn adjustnment neans, and the

| aser tROWRE nSWHY GBtAENTERASue 85RCEE f ¥Et Vad PuStRERE VAR Sa f O cdr kg an

of fset adjustnent value, a gain adjustnment value, and a | aser power, which

are tgypessgh1tAnkbEs 0 f set adjustnment means, the gain adjustment neans,

and the |aser power swtching neans, respectively; and a driving means for

recei ving the-SeIMRy &d V1 SinRlor and P NewRndiion, NdnSitgeal for

controlling the optical pickup; wherein a first gain adjustnment value and a

First gifisgt adkistrepe dakuRelOiReCELini &), 1ife SOOI YRS SR #1 egsipred in a
rst storage area provided in the storage means, when the |aser power

el ttgd_-ﬁgeﬁbhbevgﬂﬁégagrgl SHUBrbSoft {dd Sto | @S€T r BOVEEo AW dheppt i cal

di sk r?ve I's characterized by that, after the first” gain adjustnent val ue

and OLLeebsagkUshgeOLeyAlueo ORLELNPE bY B AL wisliBite ORAEAL I pll gy @ St or ed

in the first storage area, the command means outputs a command for turning

of f thwggsg%tggggugsffgg1}Qgepgﬁgggl pi ckup to the | aser power switching

means” an er the laser output 1s turned off, second to mth (m integer

not | ess t NGl gal RAULSHIN0# kS LANE S8udkibHE 67 Ryt em when

second to aser powers are emtted fromthe optical pickup are

gg;ait Eggiééi_lg&%izéfé”&}i(?e088?%&8”11'?%?91&”4 thend i £ 51 s 9ol s &di gyt dENEs V2l ue,

B 2003 msecond to mth gain adjustnment val ues are set in

the Q%ES?O‘%H%P‘?QE W?ﬁdiﬁ&%é@&ﬂ; 6§ 0k 1L LBAD @ Tbln agh Hst ment

val ues anceling offsets™that occur in the servo system are obtai ned,

. t o) ! p . ‘a i
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adj ustment values are stored in second to mt
levels.
According to Claim 7 of the present invention, an optical
(:) disk drive comprises an optical pickup for emitting a laser to an
optical disk as a recording medium, and signal-processing a
reflected light from the optical disk; a tracking error signal
generation means for generating a tracking error signal of a
tracking servo from the reflected light; an offset detection
means for detecting an offset which occurs in the tracking error
signal due to detracking of an objective lens in the optical

pickup or deviation of the optical axis of a photodetector, and

obtaining an offset adjustment value for canceling the offset;



storage areas provided in the storage neans, respectively, and, dqugg %he
actual operation, when the |l aser power is swtched fromthe first | eFEB 2003
power to an n-th (n: integer not less than 2 and not |arger than n) | aser
power anong the second to mth | aser powers, the switching of the |aser
power and the switching of the first ldain adjustnent val ue and of f set

adj ustnent value to the nth gain adjustnent val ue and of fset adjustnent

val ue are carried out simultaneously. Therefore, the servo error signal

of fset adjustnent and the gain adjustnent can be carried out sinultaneously
with the switching of the output fromthe optical pickup, whereby

mal f uittsbnandf sébend er Vhs sl sa@jusiveend reeares pos eadtblray two tdief syt n

adj ustment after the | aser power change are avoided, resulting in an

opt i catijdsshent i velues htst el et vpek Atd cdrrdrd gl ioasaridee gadien

adj ust nrent val ues of the second to mth | aser powers are obtained while the
| aseroffestthe tipéi €rdclpink uprisr t st qedll ofiicH hiey eldtedted ear tfe
destruction of the data on the disk even when the second to mth | aser
pover sfaset | dstsc P medrs § e €405 4 $dBidht ARCHTdifmg 1 dsing fe t he
present invention, in the optical disk drive defined in aim4, the first

| aser gROMes £ | h@ trackimFBLPRs; 15 1aseF vy WiteHieRflimGdLewey and the
second to mth (m integer not |less than 2) |aser powers are | aser powers
at er aganNgineVehs - pder ed Orne iede # hanoitd £ al rdil Hhedldpta &l idisdudm t he
optical disk reading state to the witing operation, the servo error signal

of f sef Aekuhksr dBmé arP81 df d €0 T DL BH ¢ SAATRIY £ SN B AnldrRd Dtimatiduld aneously
}Mtf]the switching of the output fromthe optical pickup, whereby
a
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adjustnment after the | aser power change are avoided, resulting in an
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present invention, an optical disk drive conprises an optical "pickup for

em tthagnd, | ASertid Bl OPPaAr Hwik @iy MRed e spdityPe1dnda
signal -processing a reflected light fromthe optical disk; a tracking error

Si gnalt GeNes ahd Hs BN SHd QUi IPNSIALd s & A ter LN wisgnal o find
tracking servo fromthe reflected Iight; an offset detection neans for

det eciafigs @t eLludhi HlH of i Ser dWie ! MGG & QS bY 3Ra! iU O
detracki ng of an objective lens in the optical pickup or deviation of the

opt i cA r SXi n Pf s S NPIOORI ST u AL AP AN 13 AfiselaBdsisimmnt val ue
for canceling the offset; first” and second offset a&iustnent means for

addi nged®, i ainddidbd Mt 348St & A SrddrRCKIRG Rtk eIhgnand @ cancel
the offset of the tracking error signal which is deE%cted by the offset

(PSRRI IR, 0 LAk AT ey MR g G o (1
outputting a driving signal for controlling the optical pickup;

(:) wherein the offset adjustment and gain adjustment of the tracking
servo are carried out after the focusing is turned on in the
state where a first laser power is set in the laser power
switching means, and the first offset adjustment value, gain
adjustment value, and laser power which are set by the above-
described adjustments are stored as first adjustment values in a
first storage area provided in the storage means; and the optical

disk drive is characterized by that, after the first adjustment

values obtained by the adjustment operation are stored in the



_~ 5 FFB 2003 19 changi ng the power of the laser enmitted fromthe optical
pi ckup; a command neans for outputting an of fset adjustnent commrmdg) pEganB
adj ust rent command, and a | aser power switching command to the first an
second of fset adjustnment neans, the gain adjustnent neans, and the | aser
power switching neans, respectively; B2storage neans for holding two of fset
- adj ust nent val ues, a gain adjustnent value, and a | aser power, which are to
be set in the first and second of fset adjustnment neans, the gain adjustnent
means, and the | aser power sw tching neans, respectively; and a driving
means for receiving the tracking error signal, and outputting a driving
si gnalfifiyyt GeRiraQlel aR@at heneptonabnAl alkups vhepets &heomhénat fadj ust ment
and gain adjustnment of the tracking servo are carried out after the

focusif@risd Wiredhen 1aBekheuspatetvhene aakekSpol@seswpoy¥Ringsméghsin the
| aser power switching neans, and the first offset adjustnent val ue, gain

adj ustipnt Maldse thand skasebuppwer ivhicahnaneose; bH¥céhe ebomerHegsihbed
adjustnments are stored as first adjustnent values in a first storage area

provi dedidindh® $hahage tBEBRS se@Ndnt RBOBLLG8! sgitkndih¥E s8c6RAr astALi zed
by that,” after the first adjustnent val ues obtalned by the adjustnent
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aser fromthe opfical pickup I's turned off, there is no fear o
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of the laser power from the first laser power to the n-th laser
power.

According to Claim 8 of the present invention, in the
optical disk drive defined in Claim 7, a tracking error signal
generation method employed by the tracking error signal
generation mans is a push-pull method.

According to Claim 9 of the present invention, in the



| aser powers are |laser powers in the erasing state. According to C:l_ai:Ehg Oﬂf
the present invention, in the optical disk drive defined in Caiy 2003
first laser power is a |laser power at a reading |level, and the second to
mth | aser powers are | aser powers at erasing |levels. Therefore, for
exanpl e, when the | aser power is chadded fromthe first |aser power to the
n-th | aser power anong the second to mth |aser , powers due to the state
change of the optical disk fromthe reading state to the witing state,
even if an optical offset occurs in the tracking error signal due to a
deviation of the optical axis of the optical pickup or the like,
appr oppt acel odf skt datyesde®ined am el aian r7 edchoait £ i vt draiiatglpoweav elrs when
the gain of the servo system changes significantly due to the change of the
| aser 1 gseerpbéwem dthea freasdinqaskervgdogwend cchdesacdrd [taser-tpoviersent he of f set
can be canceled with reliability, resulting in an optical disk drive with
st abl powpes adronl asBRI fdwd B=SCR RN (g TdeIRAW NGS Figure 1 is a bl ock
diagramillustrating the construction of an optical disk drive according to
a first enbkedigeseriridld Bdopegsent bpveruilodisk duti€e2atgoadihgwebart
illustrating the offset adjustnent operation of the optical disk drive
accordiagmtd ¢hepfisesd @rhmshinel mifckure fyesaditiinuert ileberFit@ure 3 is a
diagramillustrating a detection signal of a U~ F E B 203 22 reflected
lightoptoran @isk & avidddiialg anddum, digld Sitthaa -9rdrdlssabigaianed by
sanpling and holding the detection signal, for servo control.

reflected light from the optical disk; a servo error signal

{i) generation means for generating a servo error signal of a
focusing and tracking servo system from the reflected light; an
offset detection means for detecting an offset which occurs in
the servo error signal due to defocusing or detracking of an
objective lens in the optical pickup, and obtaining an offset
adjustment value for canceling the offset; an offset adjustment
means for adding the offset adjustment value to the servo system
to cancel the offset of the servo system which is detected by the

offset detection means; a gain adjustment means for adjusting the

O

gain of the servo system; a laser power switching means for
changing the power of the laser emitted from the optical pickup;

a command means for outputting an offset adjustment command, a
gain adjustment command, and a laser power switching command to
the offset adjustment means, the gain adjustment means, and the
laser power adjustment means, respectively; a storage means for
holding an offset adjustment value, a gain adjustment value, and
a laser power, which are to be set in the offset adjustment means,

the gain adjustment means, and the laser power adjustment means,



Figure 4 is a diagramillustrating a detection signal of a reflected Iight
froma disk at witing of a CD-RWdi sk, and a signal obtained by5§ﬁ§?lin§
and holding the detection signal, for servo control. Figure 5 Ps i)
diagramillustrating the construction of an optical disk drive according to
a second enbodi nent of the present indention. Figure 6 is a flowhart
illustrating the offset adjustnent operation of the optical disk drive
according to the second enbodi nent of the present invention. Figure 7 is a
bl ock diagramillustrating the construction of an optical disk drive
according to a third enbodi nrent of the present invention. Figure 8 is a
fl onchespectiuvusiyat and &hérovinetmemisistornteopieriaig atheofsdathe optramal di sk
drive according to the third enbodi ment of the present invention. Figure 9
is a dignadm ahbustitptthing aedhivdidors dgieltfoy el gired , thexpl oyi ng t he
push-pull method. Figure 10 is a diagramillustrating a nethod for
cal cubptisglopisktipadyhstatnta ved tets, gl adiacs thyerdtherapid cald & skirkt ve
according to the third embodi ment of the present invention. Figure 11 is a
bl ocko €f 8¢t agifihsuménat vaAGué heo Ansdeticin the servo system are stored
in the storage means, when the laser power emitted from the
optical pickup is a first laser power; and the optical disk drive
is characterized by that a second gain adjustment value to be set
{
j) in the servo system when a second laser power is emitted from the
optical pickup is obtained by arithmetic operation on the basis
of the first gain adjustment value, the second gain adjustment
value is set in the gain adjustment means, and a second offset
adjustment value for canceling an offset which occurs in the
servo system is obtained, and then, the second laser power, gain
adjustment value, and offset adjustment value are stored in the
storage means, and when the first laser power is switched to the
second laser power during the actual operation, the switching of
'd
‘;) the laser power and the switching from the first gain adjustment
value and offset adjustment value to the second gain adjustment
value and offset adjustment value are carried out simultaneously.
Therefore, the servo error signal offset adjustment and the gain
adjustment can be carried out simultaneously with the switching
of the output from the optical pickup, whereby malfunctions of
the servo system due to a response delay in the gain adjustment

after the laser power change are avoided, resulting in an optical

disk drive with stable operation.



~ 5 FFB zoos 23 of a conventional optical disk drive. BEST MODE TO EXECUTE
THE | NVENTI ON Herei nafter, enbodi nents of the present invention vghg é)(}
described with reference to the draw ngs. The enbodi nents deSCﬁpbe E 003
herei nafter are nerely exanples, and the present invention is not
restricted to them y (Enbodinent 1)1lbereinafter, a description will be
gi ven of an enbodi nent of the present invention, which is defined in d ains
1 to 3 of the present invention. Figure 1 is a block diagramillustrating
t he construction of an optical disk drive according to a first enbodi nent
of the present invention. In figure 1, the sane reference nunerals as those
shown in fAgopeditgdési Ghatim Bhefsthe presemt esposmithonpain sthén opti cal
pickup 1 is conposed of a laser light source |like a |aser diode, optical
el emespitsi ;i d iask adrciotd idedtiored dms Claimohj, ethievéilrens l aaepobamwezatiisom beam
splitter, a cylindrical lens, and the |ike (not shown), and a photodetector
havi npaddgdovenepit e edihqofl egyeddeaednithed spabhdr lasefroposleawi)s, aand t he
| i ke. The objective lens is driven by a two-axis actuator (not shown) . The
opt i Cedsdy Jowerl AppRin exrasinmsdevieq .a MyegRif dregC i€ o exampflld,Calheti sk 3
being rotated by a spindle notor 2, and detects 05 F E B 2003 24 the
refl egieedbgdigdl dike dptieed ethigitgnadromnehedeptacatadiBg segdahgWiitalel S
obt ai ned during reading on the basis of the anount of the reflected |aser
li ghttd e e WirsK opitch tadaey, eshel ReetdakireBrbyiyalb! bhigsgtooves. An error
signal generation unit 4 generates a focus error (FE) signal by the
ast i st kel fiemdie sgnatnernppaadpbr eartheqoptikcal pickup 1,
gnerates a tracking error (TE) signal by the push-pull method, and outputs
(thesesisxﬁfl\&r@dxfyl_ﬁwtai $haEbwti® cRRngf b¥etnadbUsbiBNErbRl the. opRiekder to
cancel an offset included in the servo error signal SE1 supplied fromthe
err orpidianRal WIRNRAL N fidt idnst BE ehbsekrad) 4§5EBAL qUBI todareads out an
of fset adjustnent val ue which has previously been obtained by an of f set
det ectd Hdbridd tal AN rSttWeeGalin ddghekAdatMERsr7thandaBekf e of f set
adj ustnment on the servo error signal SE1. A gain adjustnment unit 8 perforns

gai n AHr Y SR ilded, resulting in an optical disk drive with
stable operation.

According to Claim 4 of the present invention, an optical
disk drive comprises an optical pickup for emitting a laser to an
optical disk as a recording medium, and signal-processing a
reflected light from the optical disk; a servo error signal

~

L;) generation means for generating a servo error signal of a
focusing and tracking servo system from the reflected light; an
offset detection means for detecting an offset which occurs in
the servo error signal due to defocusing or detracking of an
objective lens in the optical pichp, and obtaining an offset
adjustment value for canceling“éhe offset; an offset adjustment
means for adding the offset adjustment value to the servo system

to cancel the offset of the servo system which is detected by the

offset detection means; a gain adjustment means for adjusting the



the anplitude of the servo error signal SE2 fromthe offset adjustnent unit
5 becones constant and, thereafter, outputs the servo error si I a
control unit 9. The control unit 9 determ nes the characteri SIQE:B; FoEf%Egub?
servo | oop, such as phase conpensation of the servo error signal SE3
recei ved fromthe gain adjustment uni 168, and outputs the servo error
signal SE4 to a driver 10. The driver 10 is a drive circuit for focusing
and tracking actuators. On receipt of the servo error signal SE4 fromthe
0 5 FEB 203 25 control wunit 9, the driver 10 perfornms focusing and tracking
control so that the objective lens in the optical pickup 1 is brought into
an optdaiimost &the iievor sygéemit 8 LREedpPorglr @WskcBinghwaaas| &49&r power
switching unit 12 receives a |l aser power switching command froma CPU 11 as
a comwedhgiw@ndhe possirt oie$heha agseweerdt teke firagethenpptaédafr packhe ;
optical pickup 1 to a |laser power nost suitable for reading, erasing, or
witirg coimnainel oprinsalfodi ekt@utEiggr en2ciff setf bdwohamentorcomxphdi, neng t he
of fset adjustnment by the optical disk drive of the first enbodi nent which
i s constinueidddisamenids comneddabend. al deseal bpwerhewdtchéngscemmaaheadtor t he
disk is |l oaded (step S101) to turn on the spindle notor 2 and the |aser of
t he opthiec @f fisietk apjiistwkatehganhe dhevegadaeadijnsombhe mpansypangetati on
(step S102) . During the spin-up operation, the offset adjustment unit 5
subj ediaserhposervewdtchingi grahsSEtegpretavedybyat beoeagermasagsalfor
generation unit 4 to offset adjustnent for canceling an offset of the
si gnalho3Rinigr am afifekér eddaestnkbhagealand thgagai adjdstméeénentalioe; 8nd

bj ects the servo error signal SE2 fromthe offset adjustnment unit 5 to
(zgin adjlaserepowear, whkthgatrbetanpki tudeinf thbeosFgetl a&dstnaat ankans,
Further, besides these automatic adjustnents, disk discrimnation by a disk
di scrithiengtiian adgassmenot mehawn) and the Lekeri powarrswdtehingsheans103). In
the present invention, an offset adjustnent value (O r), a gain O5FEB
Q003 2espeicttsteent wadue &iyingnfleanked8dingebaseingorke £EFyoi 8Bribe
reading state of the optical disk are obtained by the abovedescri bed
aut omatignaadj uatmentputstinp 5184} viagdstihratatber cohbesel vaguegear e stored
in the storage nmeans 7 as first adjustnent values (step S105). After the
aboveopgitaanedckppp- wheopenahi ohrsthgant haghsthekt dviVvee agsar di pgrse the
present invention starts the reading r operation (step S107). However, when
a wi biffgecordgngdtmensupplinedtdr be 88topPAr ahe 08e FRANSYSLEM @be astEhBde
controller (not shown) to the CPU 11 in step S106, the readi ng operation
shiftsnta thesw stbpggeperati phovitielihifi thaestbhegophé£ms, dvskndehye
i medi ately starts the witing operation (step S109) when the optical disk
3 is jladgedpawed ERiBtdiskrby the dpskcdispitripaisod ppesatiaseperforned
during the spin-up operation (step S108). However, when the optical disk 3
is j ug??graSaadCBRW dpskcat haiSkRUdtiveel s oensrabeef DLEQVIBPOLIORES adFBEri N
sSiep .
‘ the first gain adjustment value and offset adjustment value

obtained by the adjustment operation are stored in the first
storage area, the command means outputs a command for turning off
the laser output from the optical pickup to the laser power
switching means and, after the laser output is turned off, second
to m~th (m: integer not less than 2) gain adjustment values to be
set in the servo system when second to m-th laser powers are
emitted from the optical pickup are obtained by arithmetic

operation based on the first gain adjustment wvalue, and the



* First of all, the CPU 11 reads, fromthe storage neans 7, the first
of fset adjustnent value O r, gain adjustnment G, and reading Iﬁs§r power Pr
whi ch were captured when the optical disk 3 was in the readi ngUs®dtleB 2008n,
on the basis of these adjustnent values, the CPU 11 obtains a second gain
adj ust ment val ue and a second of fset ddj ust nent val ue which are to be set
during the witing operation of the optical disk 3. Figures 3 and 4 show a
difference in servo operations at . witing between a CD-R disk and a CD-RW
di sk, in the optical disk 05 F E B 20U3" 27 drive according to the
present invention. As shown in figure 3(a), the |laser power emtted from
t he opecoal piockophlgainradiuagnentt el OB Radé sketi ifietlse fgaimt hat at
writing. Wien the optical pickup 1 emts the |laser of the witing power,
t he amdgnstmenthmears) eahddtheght sebandeto dueth oo fhigetst adpustreerge of t he
recordi ng groove on the optical disk 3 and, as the result, the witing
power vedtiest €drbygahbelinght ffeeept tat ebeomnt in nthdese@ptd coys tpém katpe 1
changes as shown in figure 3(b). Therefore, as shown in figure 3(c), the
det ecbboaiskegpabndf théeseeadd ngo paveli 1sseanpdwesk sndgdr hdhudtigeny i ting of
the CD-R disk to performservo control at the reading level. At witing of
the CaRMég| skndasffset hedfaseneit t igl €ék Rl Skt o2& 0i i $¥-drid the m-th
nodul ati on of the | aser power fromthe optical pickup 1 (figure 9(a)), the
det ecktepagegnakabr Aot h@e@Pin Cothe Pé E&tigd é §9s ChadRsc sy ShpWardd), figure
4(b). However, during the witing operation of the CD-RWdisk, in contrast
with gheiggsehef atbea Clopeditkont hehéRsehs Disdhpiiasi 1 Hpwasnand the
iting power are emtted fromthe optical pickup 1. Therefore, as shown in
(%gur erdfiCtheativett 188e pfpdber Gy R distkh e detesds aibtsisd fard he
erasing power is sanpled and held to perform servo control at the erasing
| evel apd@dnot heaefef ethah hp 1LEES SFdWekt CalVE ©h S S HBhD A A St FH
val ue and a second offset adjustnent value for witing aside fromthose for

readi pawefs, IEBET SWEECRDAY €6 £ SERE €1 $EEY pSdY Tl d I P e dBh lof Re
erasing power |evel during witing of the CD-RWdisk, the offset ~D 5 FEB

2003 28raf] yaiAeadjvatkenaneh e fad No Aelkdis tABNLs Ml e vathiE t AlgPRi-ai ned
when the erasing power of the laser is set, are used as the second of fset

adj ustHeghiNahdfushteai va BEk Ustdredit £ ¥t URiAls ihetle Wd Il G dda-iqpd i cal
di sk drive according to the present invention. The second of fset adjustnent

val ueo@fds oih Nt A6k sisé TNt YRLHEE 628, bEnObL 8l e de Ao f 01 gV et basi s of
the first offset adjustnment value Or, gain adjustnent value G, and

readi 887 h9eREnBONRE THe ada th Skaf eacthdit: ASSWE NthAhadg I erasing power and
witing power of the |aser are Pe and Pw, respectively, when the witing
power s Bl faneously with the switching of the output from the optical
pickup, whereby malfunctions of the servo system due to a
(:) response delay in the gain adjustment after the laser power
change are avoided, resulting in an optical disk drive with
stable operation. Further, since the gain adjustment values of
the second to m-th laser powers are obtained while the laser from
the optical pickup is turned off, there is no fear of destruction
of the data on the disk even when the second to m-th laser powers
are laser powers in the erasing state.

According to Claim 6 of the present invention, in the

optical disk drive defined in Claim 4, the first laser power is a



deci ded, the erasing power Pe is decided as Pe = f X Pw (F. constant). Wen
the erasing power Pe is decided, the CPU 11 obtains a second thnFE 20

adj ustment value Ge at disk witing, according to formula (1) as foPIo&p
(step S110). Ge = G X (pr/Pe) ... (1) wherein, G: gain adjustnent val ue at
reading Ge: gain adjustment value at18riting Pr: reading power |evel Pe:
erasi ng power |evel After the CPU 11 obtains the second gai n adj ustnent
value Ge by the arithnetic operation, the CPU 11 sets the second gain
adjustnment value Ge in the gain adjustnment unit 8, detects an offset which
occurs at this tinme in the servo systemby the offset detection unit 6, and
obt ai hsser Semosudl of f= ateatljnes tieretl ,vanee tHee segtoa $bli)y-thTHen, the CPU 11
stores the obtained 0 5 F E B 2003 29 offset adjustnent value e, gain

adj usinesdew atote XEss AMhrerAsilzg owwdrey elrePd dsert pwelrer age er@aing/ as
second adjustnent values (step S112). Wen starting the witing operation

act ualdweld he fbkdioreadendhecse ot el usitdrenir Mad ugsi foPrdie tHeor age
means 7, and outputs a |aser power swi tching command for swi tching the

poveroptenell fdoam thendigafistt tRowey Hhev elr iferi rlgd o a1iasi, NG heowervieevel Pe
to the |laser power switching circuit 12 and, simultaneously, sets the

secondr i setgradi UstiRit auidndn? ad iR SRGeNdgaistraditushienl val ue Ge

in the offset” adjustnent unit 5 and the gain adjustnent unit 8,

respecdiMedy st eimehldneolta yidivey tH: ROVt of QAUEHRY ARl FTkkNg
control for the optical pickup 1 on the basis of the servo error signal SE4

whi cheis dgid G iR IRf At AdtdShEeRlr Whld servibh@ygdieh adieust ment
it 8 and the control unit 9, and starts the witing operation (step
@14&0 S tedforflS JdRRA 13PAHe daln h@jRRthiedlt diftledthee 136eer Bohgr! 0
change are avoided, resulting in an optical disk drive with
stable operation.

According to Claim 7 of the present invention, an optical
disk drive comprises an optical pickup for emitting a laser to an
optical disk as a recording medium, and signal-processing a
reflected light from the optical disk; a tracking error signal
generation means for generating a tracking error signal of a
tracking servo from the reflected light; an offset detection

{:) means for detecting an offset which occurs in the tracking error
signal due to detracking of an objective lens in the optical
pickup or deviation of the optical axis of a photodetector, and
obtaining an offset adjustment value for canceling the offset;
first and second offset adjustment means for adding two offset
adjustment values to the tracking error signal to cancel the
offset of the tracking error signal which is detected by the

offset detection means; a gain adjustment means for adjusting the

gain of the tracking servo; a laser power switching means for



the first enmbodi mrent of the present invention, when the optical gisk drive
shifts fromthe reading state of the CD-RWdisk 3 to the witidhd FEB 2003
operation', the CPU 11 controls the |laser power switching circuit 12 so as
to change the | aser power fromthe optical pickup 1 and, sinultaneously,
reads the second of fset adjustnent vhBue Ofe and the second gain adj ustnent
value Ge fromthe storage neans 7, and sets these values in the offset
adjustnment unit 5 and the gain adjustnment unit 8, respectively. 0O~FEB
2003 30 Therefore, malfunctions of the servo systemdue to a response del ay
in the gain adjustnent after the | aser power change are avoi ded, thereby

pr ovicharygiary dpte ceiwedi oif dihieve awetrh esitidlbled dpemathenoptiebddpieiup?)

Herei nafter, an enbodi nent of the present invention, which is defined in

Cl ai s cbntnaril adeantse fipre sertputiniagt aanp fiiset bdjdesmenhedomkiagdr,ead is a

bl ock diagramillustrating the construction of an optical disk drive
accorghing ddj s teetindommandi, mand af lherppesent swivehti hgncolahdgtitbe 5, the
sanme reference nunerals as those shown in figure 1 designate the sane or

corr adomdinyt pavd Seanthd bifFsetond;judemenitphieans,t haeeghiw bdjhe tawntt ed.
Figure 6 is a flowhart for explaining offset adjustnment by the optical

di sk nilfdnés ageothieng alsert boweres@itchingnihkais, Heeepaattioelytha operation
of the optical disk drive according to the second enbodi nent of the present

i nVerdtidiagel eab@ @e3Chiohadny tior foQééiﬂCEd?st:inﬁﬂte$a§ué§¢ 8. ghfhtially,
the drive is started or the disk is | oaded (step S201) to turn on the

spi N Ut t2 vandet, hankdasen agkrt Bewapt | Gakchi akEPptd, pbehgeebynt Rgedri ve
oes into the spin-up operation (step S202) . During the spin-up operation,

the ofifrst a3@ beldral odiFisktd atiyhisemkbhtt RBagSs! Vener §AEnshafaktmEAtgener at ed
By the error signal generation unit 4 to offset adjustnment for canceling an
of f S@feans, and the laser power switching means, respectively; and a
driving means for receiving the tracking error signal, and
outputting a driving signal for controlling the optical pickup;
wherein the offset adjustment and gain adjustment of the tracking
servo are carried out after the focusing is turned on in the
state where a first laser power is set in the laser power
switching means, and the first offset adjustment wvalue, gain
adjustment value, aﬁd laser power which are set by the above-
k:) described adjustments are stored as first adjustment values in a
first storage area provided in the storage means; and the optical
disk drive is characterized by that, after the first adjustment
values obtained by the adjustment operation are stored in the
first storage area, the command means outputs a command for
turning off the laser output to the laser power switching means
and, after the laser output is turned off, second to m-th gain

adjustment values to be set in the servo system when second to m-

th (m: integer not less than 2) laser powers are emitted from the



05 F EB 2003 31 froma reference voltage, and the gain adjustnment unit 8
subjects the servo error signal SE2 fromthe of fset adjustnent Qp?tgééyf
gai n adjustnent for making the anplitude of the servo error signa 003
constant. Further, besides these autgnatic adj ustments, disk discrimnation
by a di sk discrimnation neans (not %omn) or the like is carried out (step
S203). In the present invention, an offset adjustnent value (Or), a gain
adj ustment value (G), and a reading |laser power (Pr) in the reading state
of the optical disk are obtained by the abovedescri bed automatic
adjustnents (step S204),. and thereafter, these values are stored in the
st or AP 1FAnSIFREP ATEsPLRE]DSEnRNt 2YAFBEtISr eper2b59n hpsed PRethe
above- menti oned spin-up operation, the optical disk drive according to the
pr esditrsitngadny adivssmestt NalkeadrRg 6per aeFeRd(EPeP-8R093inHowever, when a
witing conmand is supplied froman operation neans such as a renote
cont edDetmenst VeRves) are shAE CRUthe pAiBst agissbBenthweaeadi andopeenti on
shifts to the witing operation. At this tine, the optical disk drive
i mrediesoady tot artd phEseki adnysbpenkt vahuest Epr Seanyehhen ohtsepsi cal di sk
3 is judged as a CD-R disk by the disk discrimnation operation perforned
duri npathecspirninptbpesarvonsystep 8268pbteibneder andhthet ecopdi talmdi sk 3
is judged as a CDRWdi sk, the CPU 11 perfornms the foll owi ng operation in
st ep t8l1leseFi pswewh, againt hdjTPtmentovepues, aahdsef fSFE adjmermend t he
| aser power switching circuit 12 to turn off the |aser output ~~FEB
Z003va2uksoarehetopedcah peckog to(mteth SRdbHage TareastpreoCRibdlimekhds, from
e storage neans 7, the first offset adjustment value O r, gain adjustnent
| ustGragantepradi ngspbastivpdwer afd, wiurhngetee captuakdopdreant i dwe, opt i ca
disk 3 was in the reading state, and obtains a gain adjustnent value and an
of f seheadihst eservabuert bsbhewstthed fhemwthei figrspeiaseonpobet hico ophi cal
disk 3, on the basis of these first adjustnment values (step S211). Since,
as i n-thelbsest pewbodameny, tBer secondt tol mt+ shpkager npowet s { hisher fisrsg power
| evel of the laser during witing of the CD-RWdisk, the offset adjustnent
val uefdésdtt hdjgatmendj vsluenéndatbe mhtkho&if gebbidjuetmadrenvd hee esmsi ng
power is set are enployed as the of fset adjustment value and the gain
adj userenh theuéiastwifsay. adnustmwept eseans i avénthensecansi aef s ety
variations in characteristics of optical disks fromnmaker to nmaker, in
or deadtjasprehbr meaps| nuaspectinglppesamibhsnéous OD- RN skes dwavtatging
different characteristics, second to mth (m integer not |ess than 2)
witoffi ther3aare gogep premi thsl fFisst, lasdr spowerd to thé m-ary usdsent val ues
corresponding to the respective witing powers are obtained. In this second
enboppwent, fTherefampl, eannoptical offset, which occurs in the

tracking error signal due to a deviation of the optical axis of
(:) the optical pickup or the like, can be canceled. Accordingly,
even when the gain of the servo system changes significantly due
to the switching of the laser power of the optical pickup from
the first laser power to the n-th laser power, the offset can be
canceled with reliability, resulting in an optical disk drive
with stable operation. Furthermore, since the gain adjustment
values of the second to m-th laser powers are obtained while the
laser from the optical pickup is turned off, there is no fear of

destruction of the data on the disk even when the second to m-th



Second to fifth gain adjustnent values Ge2, Ge3, Ge4, and Ge5 ar g)z%b ii gg&o
according to fornulae (2) to (5) as follows, respectively (step 1%.3 3
= GX (Pr/Pe2) ...(2) G3 =GX (pr/Pe3) ... (3 05 F EB 2003 33 G4 =
GX (Pr/Ped4) ...(4) . G5 = GX (Pr/Peb) ... (5) After obtaining the second
to fifth gain adjustnent val ues Ge2"R&eS, the CPU 11 sets the first to
fifth gain adjustnent values Ge2"- (G5 successively in the gain adjustnent
unit 8. At this tine, the offset detection unit 6 detects an of fset val ue
whi ch occurs in the servo system and obtains second to fifth offset

adj ust ment val ues OFe2"-Ofeb5 (step S211). These second to fifth offset

adj uslager ReWers reraePerentelin 4heq mrasdeendtade.i fth gai n adj ust ment
val ues Ge2”"-Ge5 and the second to fifth |aser powers Pe2”-Pe5 are stored as
second to ficlordddiguseon€reirallue thespreseantoifnvénhianeasnptbei ded in the
storage neans 7, respectively (step S212). Wen actually starting the

wri tiowt bpel adion, diiverdsfined par {Qranmui,t ithe fitds tad asetri mowelraser gpower
for the optical disk 3, the CPU 11 reads, for exanple, the third adjustnent
val uekagenrpdwer tdt ral mesebing deelst arehehe srsonditer e-tthe ladjeurst ment

val ues corresponding to the optimum | aser power are stored, and outputs a
comyppuivéns sme tldsery gdwedsaser xasemd Nawndlize f iTisirdfasaer, fwrer Pr to the
third | aser power Pe3 to the | aser power switching circuit 12 and,

Si nul éxearemlis,| Wwhesetthd Neaddy robweif sied cdindsidrdrony ahee fOked dadetrhe third
gain adjustnment value Ge3 in the offset adjustnent unit 5 and the gain

adj uspovest i theB, n-rtas fenid v edowerStaappnd2 the strendr itvem-1h parskar s
ocusing and tracking control for the optical pickup 1 on the basis of the
('L*)~ FpdwdrUide 3b the state change of the optical disk from the
reading state to the writing state, even if an optical offset
occurs in the tracking error signal due to a deviation of the
optical axis of the optical pickup or the like, appropriate
offset adjustment can be carried out. Accordingly, even when the
gain of the servo system changes significantly due to the change
of the laser power from the first laser power to the n-th laser
power, the offset can be canceled with reliability, resulting in
an optical disk drive with stable operation.
Q
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a block diagram illustrating the construction of
an optical disk drive according to a first embodiment of the
present invention.
Figure 2 is a flowchart illustrating the offset adjustment
operation of the optical disk drive according to the first

embodiment of the present invention.

Figure 3 is a diagram illustrating a detection signal of a



servo error signal SE4 which are inputted through the offset adjustnent

unit 5, the gain adjustnent unit 8, and the control unit 9, and s a[té éhf
witing operation (step S214). As described above, in the optical Yd¥s £8 2003
drive according to the second enbodi nent of the present invention, when the
optical disk drive shifts fromthe ré&a&ding state of the CD-RWdisk 3 to the
witing operation at an arbitrary n-th (n =2, ..., m |aser power Pen, the
CPU 11 controls the | aser power switching circuit 12 so as to change the

| aser power fromthe optical pickup 1 and, sinultaneously, reads the n-th
of fset adjustnent value Ofen and the n-th gain adjustnment value Gen from

t he srefigetedahiglit &nemsztdisheste wal tugsg iof theCHfR shitskadjarst rent unit 5
and the gain adjustnent unit 8, respectively. Therefore, malfunctions of

t he ssignatyshtaived by samekionssddieldimy ttiee gistrecddjarstaigmalaf tBort he

| aser power change are avoi ded, thereby providing an optical disk drive

W th séabbecaperation. Further, since the gain adjustnent values Ge2”-Gem
corresponding to the second to mth (m integer not |less than 2) |aser
powers Pe @rieque ai ried awkiilagriehe ilasetrpaway &r dettbeéiont sd¢ghapi oup™ 1 is
turned off, there is no fear of destruction of data on the optical disk 3
even ybehettedseiont fromrd disisert povierindref e aPIRN phiwd,s .ar(dEndbodi ment

3) Hereinafter, an enbodi nent of the present invention which is defined in
Cl ai N"BigndD Sbodihde Py esapl iny emd toMilg bthdestddigdbn FHig=A ,7 for a

bl ock diagramillustrating the 0 5 F E B 2003 35 construction of an

opt i cgérdb skoieryE. according to a third enbodi nent of the present

pvention. In figure 7, the sane reference nunerals as those shown in
@gure 5 dengha e e isare babckodiagrandinguediheingndhdesehkptihensohhereof

wll be omtted.
an optical disk drive according to a second embodiment of the
present invention.

Figure 6 is a flowchart illustrating the offset adjustment
operation of the optical disk drive according to the second
embodiment of the present invention.

Figure 7 is a block diagram illustrating the construction of

an optical disk drive according to a third embodiment of the

present invention.

C

Figure 8 is a flowchart illustrating the offset adjustment
operation of the optical disk drive according to the third
embodiment of the present invention.

Figure 9 is a diagram illustrating a method for detecting a
TE signal, employing the push-pull method.

Figure 10 is a diagram illustrating a method for calculating
offset adjustment values, employed by the optical disk drive
according to the third embodiment of the present invention.

Figure 11 is a block diagram illustrating the construction



An optical disk drive according to the third enbodi ment perforns g@ig
adj ustnent and offset adjustnent on a tracking error (TE) signal rél tﬁEﬁ)Zﬂag
to a tracking servo system anong the servo error signals. In the optica
di sk drive of the present invention, when the reading operation of the
optical disk 3 shifts to the witingZ2dperation, tw adjustnent val ues
selected fromthe plural offset adjustnent values stored in the storage
nmeans 7 are set in a first offset adjustnent unit 13 and a second of f set
adjustnment unit 14, respectively, and offset adjustnent of a tracking error
signal TEl generated by the error signal generation unit 4 is carried out

i n twofstagesvert jomel Soptsica X |dikhadtivor expl ai ni ng of fset adj ust nent by
the optical disk drive of the present invention. Figure 9 is a diagram
illustrating the push-pull nethod as the TE signal detection nmethod, and
figure 10 is a diagramillustrating the offset adjustnment val ue cal cul ation
met hoBESY MOBEOPOi EXECUTBKTHE | IMVENTIdN present invention. Hereinafter, the
operation of the optical disk drive according to the third enbodi nent of
the invent iy esidrthe, deadbdiadntist bfr eher preeeh® fingenesod #w@110be
Initially, the drive is started or the disk is | oaded (step O5FEB
2003 @6s&8033dt Wi NI FePdrditee St Nt dRdWings Andrid eelissim&{td he opti cal

pi ckup 1, whereby the drive goes into the spin-up operation (step S302).
Dur i ngeB£156H helPe PPEF B Mke e dl ¥ Sdxafd e, adidtH®Yrdiddt 13 subjects
the tracking error signal TEl generated by the error signal generation unit
4 to ofveeticd] ustientrd o r LKL NGy Of fset of the signal TE1L from a

ef erence voltage, and the gain adjustnment unit 8 subjects the tracking
epror (Hhgd@dmdk2 fyomthe first offset adjustment unit 13 to gain

adj ustment for making the anplitude of the signal TE2 constant. Further,
besi des t hege AWgFaL] caaejegét:i?a&én gisk BeSgivBhNaE 9N BMb8d9hekt of

di scrim nati on nmeans (not shown) or the like i's carried out

the present invention, which is defined in Claims 1 to 3 of the
present invention.

Figure 1 is a block diagram illustrating the construction of
an optical disk drive according to a first embodiment of the
present invention. In figure 1, the same reference numerals as
those shown in figure 11 designate the same or corresponding
parts.

(:) An optical pickup 1 is composed of a laser light source like
a laser diode, optical elements such as a collimator lens, an
objective lens, a polarization beam splitter, a cylindrical lens,
and the like {(not shown), and a photodetector having light-
receptive parts of predetermined patterns (not shown), and the
like. The objective lens is driven by a two-axis actuator (not
shown) .

The optical pickup 1 applies a laser to a target track on an

optical disk 3 being rotated by a spindle motor 2, and detects



(Step S303). In the present invention, an offset adjustnment value (Or), a
gain adjustnent value (G), and a readl ng | aser power (Pr) in th§ 5@% 7903
state of the optical disk are obtained by the above-descri bed automatic

adj ustments (step S304), and thereafter, these values are stored as first
adj ustnment values in a first storage2area provided in the storage nmeans 7
(step S305). In the case where the error signal generation unit 9 generates
the TE signal by the push-pull method as shown in figure 9, a deviation of
the optical axis of the photodetector (PD) as a light-receptive el enent nmay
cause a difference in |light amunts between left and right portions of the
PD witthe redfilectited ltilgatt.r adkienglediecdetd @ignaid inled udiekf er ereeing | i ght
anounts may cause an optical offset in the tracking error signal TEL. 05
F E Bi2f33 ¥hidhwesenbtadneesanriad zkadéng ont brReobbsets adj grénent during
the spin-up operation, a first offset adjustnment value Or is added to the

t r ackdnpmres loF tHegnalf1ektedy 1bBerf 1ightofksat thd] dskRpnandnafididsswher eby
the optical offset and an offset caused by the electric circuit are

cancqhm@rmyﬁidmh@ytm@gbuagge@&@bvgggnal TEl is adjusted to the reference
voltage. After theé spin-up operation, the optical disk drive of the present

i nvention ghagtsot heigear fehORer abh O {15t £RyeIR0At e HoNE RIS WBHLA Wi ting

command i s supplied froman operation neans such as a renote controller

(not GhRgwWR); g1t ey ERY a&thamﬁtﬁemsagﬁhoah@r&ﬁaéhags9@§a@ts@ﬁpﬁbéats to the

witing operation. At this time, the optical disk drive imedi ately starts

the whidh RGORPAIAANpEekER $30GknwheReshg PPLERBhgALBKoB k@EjUQQﬁHaﬁs_a
CD-R di sk by the disk di'scrimnation operation per?orned during the spin-up

f@}efw\;l IQZ;ke( §>:u‘;‘?21 %&%_Te%ﬁﬁﬁveénd“@ﬁ@?hbg PREsEake i SKe Broe s1gQLTEsas a
perforns | owm ng operation in step S310.
SE1 to an offset adjustment unit 5.

In order to cancel an offset included in the servo error
signal SEl supplied from the error signal generation unit 4, the
offset adjustment unit 5 reads out an offset adjustment value
which has previously been obtained by an offset detection unit 6
and stored in a storage means 7, and performs ocffset adjustment
on the servo error signal SE1.

A gain adjustment unit 8 performs gain adjustment so that

(:) the amplitude of the servo error signal SE2 from the offset
adjustment unit 5 becomes constant and, thereafter, outputs the
servo error signal SE3 to a control unit 9.

The control unit 9 determines the characteristics of a servo
loop, such as phase compensation of the servo error signal SE3
received from the gain adjustment unit 8, and outputs the servo
error signal SE4 to a driver 10.

The driver 10 is a drive circuit for focusing and tracking

actuators. On receipt of the servo error signal SE4 from the



First of all, the CPU 11 outputs a | aser OFF command to the | aser power
swtching circuit 12 to turn off the |aser output fromthe opticﬂ f?fﬁ%ﬁh%
(step S310). At this tine, since no light is incident on the PDs, § e
tracking error signal TEl is at the Vref |evel as shown in figure 10.
However, when there is an optical of#&et of the tracking error signal TE1l
due to a deviation of the optical axis of the PD, the offset adjustnent

unit 13 adds the offset adjustnment value Or to the tracking 0O~F B
20(a3 38 error signal TEl in the offset adjustnent at spin-up, whereby
Voffread is generated. Since, as in the first and second enbodi nents, servo
cont rebnitsoperir ned tHdte tdra veyra sion g epdfiwemm o ff didues ilnas emdd wmatk imeadi ng  of
the CD-RWdi sk, the offset adjustnent val ue and the gain adjustnent val ue
whi chcatier @bt so ngth twhdre tjtdatd viehd egrsasimgheowet iatad edpkayed ds t he

of fset adjustnent value and the gain adjustnent value at witing. In the

pr esestobdvie nin oo, arc @it idrin 33 at@ Watdho % spe dthaoather opitiies lofdiemt ixal

di sks from maker to maker, in order to realize optimumwiting operations
for CD-RW dheksahausag gowéer snite€hongCiritsipCsecse608dat Daset hpbWer
integer not less than 2) witing powers are previously set, and second to

Mt h S6H teh IRNtcordlaifb G @S EPIdilNg also & ROMTRTRE Glclav® , Wilt! isid tReesr s are
obtained. In this third enbodi nent, for exanple, m= 5. Second to fifth

gai n @k ysdwento v alHees s, %t @At He G idhe %tib%@ﬁd %ecer ding to

fornulae (2)"-(5) as follows, respectively (step S31

(pr/ Pedder -pdwarCabst @Lﬁt(a'?fl/epff%)r readdn@E4 eTaF il pUrP%htln@gb@th'e G X
(égr/PeS) (5) After obtaining the second to fifth gai n adj ustnent val ues

cgﬂmafgﬂJﬂg_sets the first to fifth gain adjustnent val ues
successively in the gain adjustnent unit 8. At D5 F E S 2003 39

this tine, pagapel pgikhat fiBﬁcﬁ&f@nﬂof Oe)fq!taiébnﬂﬁb neRd] §BE BN a4 PhEBReNAVE
the relationship, Ge2 < Ge3 < here oCcurs an increase in the

of f sety v&némﬁﬂl%ldeeémeﬂleleablfomﬁ@ Birdeenbodifdnt Ghedn<idfed5, with

reference to the Voffread as the gain adjustnent value increases, as shown

in f|égﬂétfugtéﬁu%gwagga%ygebeaggvgffset whi ch is caused by that the first
of fset adjustnment value Or fromthe first offset adjustnent unit 13 is

PR s nERSLBSKYIOCRET B LT8O (PRt UL BEKL U TSRt UL 1

as a gRiPr eFadrsyen W RPihke e ®8¥oRI2 and the laser of the optical
pickup 1, whereby the drive goes into the spin-up operation (step
S102).

During the spin-up operation, the offset adjustment unit 5

{:) subjects the servo error signal SEl generated by the error signal
generation unit 4 to offset adjustment for canceling an offset of
the signal SE1 from a reference voltage, and the gain adjustment
unit 8 subjects the servo error signal SE2 from the offset
adjustment unit 5 to gain adjustment for making the amplitude of
the signal SE2 constant. Further, besides these automatic
adjustments, disk discrimination by a disk discrimination means

(not shown) or the like is carried out (step S103). In the

present invention, an offset adjustment value (0Ofr), a gain



operation, the Oe2"-Oe5 shown in figure 10 are offsets which arg $3ﬂfE%Mm
by the gain change fromthe reading operation to the witing operdt 3
of fset detection unit 6 detects the offsets Oe2"~Ofe5 generated in the
tracki ng servo system and obtains second to fifth offset adjustnent val ues
Of e2”- O e5 which cancel the offsets G2 rOfeS, respectively (step S311).
These second to fifth offset adjustnent values Oe2 "-Oe5 as well as the
second to fifth gain adjustnent values Ge2 "-Ge5 and the second to fifth

| aser powers Pe2”-Pe5 are stored as second to fifth adjustnent values in
second to fifth storage areas provided in the storage neans 7, respectively
(st epa83t8fmeDbr vaguehéGatt uahdopereadong tdesenppoeat (Psk dnitkeof the
present invention sets the first gain adjustnment value G and the first

of f sereadjingt statevaf uehé&f opt ict hedjsk na pelj eist axeméd uby t tiBe ab@vé- FHB 2003

40 and the first offset adjustnment unit 13, respectively, and the optical

pi ckupedcembéd bheohatst kdjestpeies Pstep her@by, psndothengafters eadi ng

operation. However, when starting the witing operation, in order to
perf oenewei VaDgewi ahe agtoepenum thsestPoags neding e aptfLast di sk
adjustment values (step S5105).
After the above-mentioned spin-up operation, the optical
disk drive according to the present invention starts the reading
{t) operation (step S107). However, when a writing command is
supplied from an operation means such as a remote controller (not
shown) to the CPU 11 in step S106, the reading operation shifts
to the writing operation. At this time, the optical disk drive
immediately starts the writing operation (step S109) when the
optical disk 3 is judged as a CD-R disk by the disk
discrimination operation performed during the spin-up operation
(step S5108). However, when the optical disk 3 is judged as a CD-
RW disk, the CPU 11 performs the following operation in step S110.
;) First of all, the CPU 11 reads, from the storage means 7,
the first offset adjustment value Ofr, gain adjustﬁent Gr, and
reading laser power Pr which were captured when the optical disk
3 was in the reading state. Then, on the basis of these
adjustment values, the CPU 11 obtains a second gain adjustment
value and a second offset adjustment value which are to be set
during the writing operation of the optical disk 3.

Figures 3 and 4 show a difference in servo operations at

writing between a CD-R disk and a CD-RW disk, in the optical disk



3, the CPU 11 reads, for exanple, the third adjustment value fromthb f r2b03
area in the storage neans 7, and outputs a command for swi tching the Iaser
power fromthe first |laser power Pr to the third |aser power Pe3 to the
| aser power switching circuit 12. Sinultaneously, the CPU 11 sets the third
gai n adj ustment value Ge3 in the gai A7adjustnment unit 8, sets the first
of fset adjustnent value Or in the first offset adjustnent unit 13, and
sets the third offset adjustnment value Ofe3 in the second of fset adjustnent
unit 14 (step 5313). The driver 10 perfornms tracking control of the optical
pickup 1 on the basis of the tracking error signal TES5 which is inputted
t hr oudihi Yehexddarsting fteetthedjpreisesdt imvendiod. the gain adjustnent unit 8,
t he second offset adjustnent unit 14, and the control unit 9, and starts
the witingsopbeuhi dn £sgepe S314), e dbaser bre@waboa@ittadtﬁeomptheal di sk
drive according to the third enbodi mrent of the present invention, when the
opt i ot ik pdrdkmp shiaftt s efaddmat o theaed ChgRstaté dfi fiflee sCHrBW dhsit &tt o t he
writing operation with an arbitrary n-th (n = 2, m | aser power Pen,
t he lasierineawerilsen tithe rop i gacuigi ci@ipe Haregeis st ltelel amrerp@/fertrm‘ t he opti cal
pi ckup 1 and, sinultaneously, the 05 F E B 2003 41 first offset
adj U&‘v’ﬁ‘Hﬂng\/qid!&:rGf the saeiounit bife thier sefokbsted adghst ehahgesi duk3tehil e the
n-th offset adjustnent value Ofen is set in the second of fset adjustnent
uni t tife sthaeeidiamgeapi aplel aleeocttfisgt gadpwst BRANtheabphecper tasked even
when an optical offset occurs in the tracking error signal due to a
devi adriddn 6f thee rephilegl tie wraftinlge pBllerodetbetedkey Aneondighgly, even
(ﬁgen the | aser power of the optical pickup 1 is switched fromthe first

adi fgrdimitfe Al dmenithdnnthle Whittiicag powkiupPencaadgeBeagbyhbhe gai n of the
servo system changes significantly, the offset can be canceled with
reliahiichidey 3 ()ar elmhaefr NG ABHANN dal fdigelced3i(¢g ,Withiz siealelc@ ioper at i on.

signal of the reading power is sampled and held during writing of
the CD-R disk to perform servo control at the reading level.

At writing of the CD-RW dﬁsk, as in the case of the CD-R
disk, according to the modulation of the laser power from the
optical pickup 1 (figure 4(a)), the detection signal from the
optical pickup 1 also changes as shown in figure 4 (b). However,
during the writing operation of the CD-RW disk, in contrast with

(:) the case of the CD-R disk, the lasers of the erasing power and
the writing power are emitted from the optical pickup 1.
Therefore, as shown in figure 4(c), at writing of the CD-RW disk,
the detection signal of the erasing power is sampled and held to
perform servo control at the erasing level and, therefore, it is
necessary to have a second gain adjustment value and a second
offset adjustment value for writing aside from those for reading.

As described above, since servo control is performed at the

erasing power level during writing of the CD-RW disk, the offset



APPLI CABI LI TY I N I NDUSTRY According to the present invention, in 3@

writing/ reading apparatus which optically wites, erases, or rea

opti cal

S FEB 2003

signal on a recording medium when a first |aser power is stored f while a

second | aser power is used, the second | aser power is calcul ated by

arithnmetic operation fromthe stored28irst |aser power, and the first |aser
power is switched to the second | aser power. Therefore, even when the gain
of the servo system changes significantly, an offset can be canceled with

reliability to maintain the stability of the servo system thereby

providing an optical disk drive with stable reading, erasing, and reading
oper afdPistment A FER0G He2 i Majls tiRn@Phiadale , divdK c@r ayve conpri si ng:
an optical pickup for enmitting a |laser to an optical disk as a recording
medi WRt AibS i tHOasH MYy ARl et edid ghtf namsthe arbi edleddiask a

servo error signal generation neans for generating a servo error signal of

a focypd NG @MY I BEEN G S thetHS balule Q! ?%ihefah%‘&rs%ﬁlehitg bhide Qif set

detection neans for detecting an offset whi

disk writing in the optical disk drive according to the present

invention. The second offset adjustment value and gain

adjustment value can be obtained as follows on the basis of the

first offset adjustment value Ofr, gain adjustment value Gr, and

O

reading laser power Pr at disk reading.

Assuming that the erasing power and writing power of the

laser are Pe and Pw, respectively, when the writing power Pw is

decided, the erasing power Pe is decided as Pe = ¢ XPw (¢ :
constant). When the erasing power Pe is decided, the CPU 11
obtains a second gain adjustment value Ge at disk writing,
according to formula (1) as follows (step S110).

Ge = GrX (Pr/Pe) - (1)
wherein, Gr: gain adjustment value at reading
(:) Ge: gain adjustment value at writing

Pr: reading power level

Pe: erasing power level

After the CPU 11 obtains the second gain adjustment value Ge

by the arithmetic operation, the CPU 11 sets the second gain
adjustment value Ge in the gain adjustment unit 8, detects an

offset which occurs at this time in the servo system by the

offset detection unit 6, and obtains a second offset adjustment

value Ofe (step S111). Then, the CPU 11 stores the obtained



occurs in the servo error si gnal due to defocusing or detracking ?éfﬂg' .
objective lens in the optical pickup, and obtaining an of fset adj ust kB 2003
val ue for canceling the offset; an offset adjustnment nmeans for adding the
of fset adjustnent value to the servo systemto cancel the offset of the
servo systemwhich is detected by th®ffset detection neans; a gain
adj ust nent neans for adjusting the gain of the servo system a |aser power
swi tching neans for changing the power of the laser emtted fromthe
optical pickup; a command neans for outputting an offset adjustnent
command, a gain adjustnment command, and a | aser power swi tching command to
t he obtsettaddiossmantneahse Ohe, gaain asgiss ettt meahse Gend drid | aser power
adj ust mrent means, respectively; a storage neans for hol ding an offset
adj usepeBingapueeralevel 5P InBrRE0StdBageai meads Ustaendea@die, and a | aser
power, which are to be set in the offset adjustnent neans, the gain
adj uskaBOEtAEADBSYadndst hetépserlppwer adj ustnent neans, respectively; and
When starting the writing operation actually, the CPU 11
reads the second adjustment values from the storage means 7, and
outputs a laser power switching command for switching the power
level from the reading power level Pr to the erasing power level
Pe to the laser power switching circuit 12 and, simultaneously,
sets the second offset adjustment value Ofe and the second gain
adjustment value Ge in the offset adjustment unit 5 and the gain
adjustment unit 8, respectively (step S113). The driver 10
performs focusing and tracking control for the optical pickup 1
on the basis of the servo error signal SE4 which is inputted
through the offset adjustment unit 5, the gain adjustment unit 8,
and the control unit 9, and starts the writing operation (step
S114).
As described above, in the optical disk drive according to
the first embodiment of the present invention, when the optical
disk drive shifts from the reading state of the CD-RW disk 3 to
the writing operation% the CPU 11 controls the laser power
switching circuit 12 so as to change the laser power from the
optical pickup 1 and, simultaneously, reads the second offset
adjustment value Ofe and the second gain adjustment value Ge from

the storage means 7, and sets these values in the offset

adjustment unit 5 and the gain adjustment unit 8, respectively.



a driving neans for receiving the servo error signal, and outputting a
driving signal for controlling the optical pickup;, wherein a first(gaifEg 2003
adj ustment value and a first offset adjustnment value to be set in the servo
system are stored in the storage neans, when the |aser power emtted from
the optical pickup is a first |aser pdwer; said optical disk drive being
characterized by that a second gain adjustnent value to be set in the servo
system when a second | aser power is emtted fromthe optical pickup is
obt ai ned by arithnetic operation on the basis of the first gain adjustnent
val ue, the second gain adjustnent value is set in the gain adjustnent

MeansThanef er 6 £ AN @hé SEénad fistiedemal usyStoam cancedd ng mesmdrfset whi ch
occurs in the servo systemis obtained, and then, the second |aser power,

gai n gdi &gt Menthyabaien adsuofhaet Ajdistimnt] asdiedier sdhdmsk iard he
storage neans, and when the first |aser power is switched to the second

| aser PeY@Ed dUF h&Bel {1 6p A& U n@ R A toisall hel SideiRiavialh tdteadblaser power
and the swtching fromthe first gain adjustnent val ue and of fset

adj ustgEpi ¥ghue to the second gain adjustment value and of fset adjustment
val ue are carried out sinmultaneously. 2. An optical disk drive as defined
in dapmdaidberein the 05 F E B 2003 44 second gain adjustment val ue
is in proportion to the reciprocal of the ratio of the second | aser power

when the finge%teigl%l%ﬁcfe ouer ein&)ou&ﬁ@nesotfh%]p_re%%g%%- iAveARiBRL I Gak cdl sk

drive as define aim1, wherein the first |aser power is a |l aser power
at a igagéfﬁhéﬁvfﬂ’cfgﬂnéh@ to 6 of the present invention, will be

{t) described. Figure 5 is a block diagram illustrating the
construction of an optical disk drive according to a second
embodiment of the present invention. In figure 5, the same
reference numerals as those shown in figure 1 designate the same
or corresponding parts and, therefore, descriptions thereof will
be omitted. Figure 6 is a flowchart for explaining offset
adjustment by the optical disk drive according to the present
invention.
Hereinafter, the operation of the optical disk drive
(:) according to the second embodiment of the present invention will
be described with reference to figures 5 and 6.

Initially, the drive is started or the disk is loaded (step
$201) to turn on the spindle motor 2 and the laser of the optical
pickup 1, whereby the drive goes into the spin-up operation (step
5202) .

During the spin-up operation, the offset adjustment unit 5

subjects the servo error signal SEl generated by the error signal

generation unit 4 to offset adjustment for canceling an offset



second | aser power is a |laser power at an erasing level. 4. An opt,jcal disk
drive conprising: an optical pickup for emtting a |laser to an ogta o= B B08%k
as a recording nedium and signal-processing a reflected |ight fromthe
optical disk; a servo error signal generation nmeans for generating a servo
error signal of a focusing and tracki®y servo systemfromthe refl ected
light; an offset detection neans for detecting an offset which occurs in
the servo error signal due to defocusing or detracking of an objective |ens
in the optical pickup, and obtaining an offset adjustnment value for
canceling the offset; an offset adjustnment neans for adding the offset

adj ustrrent avakderkAckheosernye, syateghkogaanceijhbemeht sehiof st babseeve
system which is detected by the offset detection neans; a gain adjustnent

means thar sagdiestirpgrt Beggalnsed FhemSer¥0o5¥5EEMdaukemeat PAWEE sWebchi ng
means for changi ng the power of the 05 F E B 2003 45 laser emtted from
the opbiigabaplskMBint for making the amplitude of the servo error

signal SE2 constant. Further, besides these automatic

adjustments, disk discrimination by a disk discrimination means

(not shown) or the like is carried out (step S$S203). 1In the

present invention, an offset adjustment value (Ofr), a gain
adjustment value (Gr), and a reading laser power (Pr) in the

reading state of the optical disk are obtained by the above-
described automatic adjustments (step S204), and thereafter,

these values are stored in the storage means 7 as first

adjustment values (step S205).

After the above-mentioned spin-up operation, the optical
disk drive according to the present invention starts the reading
operation (step S$207). However, when a writing command is
supplied from an operation means such as a remote controller (not
shown) to the CPU 11 in step S206, the reading operation shifts
to the writing operation. At this time, the optical disk drive
immediately starts the writing operation (step $S209) when the
optical disk 3 is judged as a CD-R disk by the disk
discrimination operation performed during the spin-up operation
(step S208). However, when the optical disk 3 is judged as a CD-
RW disk, the CPU 11 performs the following operation in step S110.

First of all, the CPU 11 outputs a laser OFF command to the

laser power switching circuit 12 to turn off the laser output



a command neans for outputting an offset adjustnent comand, a gain

adj ust nrent conmand, and a | aser power sw tching command to the CUE\?VFE

adj ust mrent means, the gain adjustnment neans, and the |aser power s @h?@é
means, respectively; a storage neans for hol ding an of fset adjustnent

val ue, a gain adjustnent value, and &2 aser power, which are to be set in
the of fset adjustnent neans, the gain adjustnent neans, and the | aser power
swi tching neans, respectively; and a driving neans for receiving the servo
error signal, and outputting a driving signal for controlling the optical

pi ckup; wherein a first gain adjustnent value and a first offset adjustnent
val ueftombehsetpticalheissgrwm systteap &2l Git.or éthem aHd rGRU stloraapelss ea
provided in the storage neans, when the | aser power enmtted fromthe

opt i catomi thelps terayd imesind dsertipoviir s ts a fif seit iackhhu sttingn td vadereb € firg
characterized by that, after the first gain adjustnent value and offset

adj usgaent agrphstenaty aialatk Byt nddiestimentl aaper gower @re wdiicheddr t he
first storage area, the command neans outputs a conmand for turning off the
| asercoptpéd fuilgsh three aiticall plickkB tvad hie [tdserepoBly SWaltehi rgdreans
and, after the laser output is turned off, second to mth (m integer not

| ess ¢heairs @aﬁmracadﬁsimrgnwa}amﬁe tahders If fise t! Rejeeftwenty SagMewiten
second to mth laser powers are emtted fromthe optical pickup are

obt ai pedsdy B i tHHTRIA i% IGRETGHd it IS ek athd R tfildast qaaikn 3djiowstemrnt val ue,
and the O 5 F E B 2003 46 second to mth gain adjustnent val ues are set

i Nt hea gs No Ao RS TEN Ly TR S u b rith e 1R oG o0 spmtly (of f set  adj ust nent
@I ues for canceling offsets that occur in the servo system are obtained,

d the seggn@el 028 4h LR&CEiPOREERbOoHRNENRY] YEEFENEoNEFYESisand of f set
adj ustment values are stored in second to mth storage areas provided in

the storAgedEaNns tHEREINe Ipbwaand Siil R Hhe aekdel RRenat wedtiwien the
| aser power is switched fromthe first |aser power to an n-th (n: integer

not |ggsthdarp-Rdnf J10! Hr @ rddmdiud Bfit RAWRk amenghkhgasecond to mth
| aser powers, the switching of the |aser power and the swtching of the
firsty@pide e USIIRIE Walde A M Sitle AN TBR! e¥akYB gl BolvB® Akhs@di n

adj ust ment val ue and of fset adjustnment value are carried out _

si mul 4 A0egs] dye P -a AEHP e tdiRK Ul e a0l Red itheCly@iim 4, wherein the
second to mth gain adjustnent values are in proportion to the reciprocals

of th@ddjﬁéén%tofvamfé Sacid tigdn t hrd ases ey WhgRAthed,i rst | aser power

is used as the reference. 6. An optical disk drive as defined in daim4,

wher ekdh § e f i tvd AR RANBI ich A d A% RS o3t opthieadi B slkavehomand the
second to mth (m integer not less than 2) |aser powers are | aser powers

at erpskdd tEWRler, in order to perform optimum writing operations

O

for CD-RW disks having different characteristics, second to m-th
(m: integer not less than 2) writing powers are previously set,
and second to m~-th adjustment values corresponding to the
respective writing powers are obtained. 1In this second
embodiment, for example, m = 5.

Second to fifth gain adjustment values Ge2, Ge3, Ged, and
Ge5 are obtained according to formulae (2) to (5) as follows,
respectively (step S211).

Ge2 GrX (Pr/Pe2) . (2)

Ge3 Gr X (Pr/Pe3) . (3)



7. An optical disk drive conprising: 0 5 F E B 2003 47 an optical pickup
for emitting a laser to an optical disk as a recording medium £hd FEB 2003
si gnal -processing a reflected light fromthe optical disk; a tracking error
signal generation nmeans for generating a tracking error signal of a
tracking servo fromthe reflected IigBt; an offset detection neans for
detecting an of fset which occurs in the tracking error signal due to
detracki ng of an objective lens in the optical pickup or deviation of the
optical axis of a photodetector, and obtaining an offset adjustnent val ue
for canceling the offset; first and second of fset adjustnent neans for
addi ng two of fset adjusgernt waluesytpedhe trackigng error signal to cancel
the offset of the tracking error signal which is detected by the offset
detection neans; a gai ngadj uskFBNipPERds) for adjusting the gain of the
tracking servo;, a laser power sw tching neans for changing the power of the

laser em t hedehr oBthRRiAQ! tRB! sBE6KYPEo fifth gain adjustment values
Ge2~Ge5, the CPU 11 sets the first to fifth gain adjustment
values Ge2~Ge5 successively in the gain adjustment unit 8. At
this time, the offset detection unit 6 detects an offset value
which occurs in the servo system, and obtains second to fifth
offset adjustment values 0Ofe2~0fe5 (step S211). These second to
fifth'offset adjustment values Ofe2~0fe5 as well as the second
to fifth gain adjustment values Ge2~Ge5 and the second to fifth

laser powers Pe2~Pe5 are stored as second to fifth adjustment
values in second to fifth areas provided in the storage means 7,
respectively (step S212).

When actually starting the writing operation, in order to
perform writing with an optimum laser power for the optical disk

o 3, the CPU 11 reads, for example, the third adjustment values

{

\;) from the third area in the storage means 7 where the adjustment
values corresponding to the optimum laser power are stored, and
outputs a command for switching the laser power from the first
laser power Pr to the third laser power Pe3 to the laser power
switching circuit 12 and, simultaneously, sets the third offset
adjustment value Ofe3 and the third gain adjustment value Ge3 in
the offset adjustment unit 5 and the gain adjustment unit 8,

respectively (step S213). The driver 10 performs focusing and

tracking control for the optical pickup 1 on the basis of the



a command neans for outputting an offset adjustnent command, a gain

adj ust nent conmand, and a | aser power swi tching command to the f| rgtq_s@c&nos
second of fset adjustnent neans, the gain adjustnment neans, and the | r
power switching neans, respectively; a storage neans for holding two of fset
adj ust rent val ues, a gain adjustnent3s¥al ue, and a | aser power, which are to
be set in 0O 5 FEB 2003 48 the first and second of fset adjustnent neans,

t he gai n adj ustnent neans, and the | aser power sw tching neans,
respectively; and a driving neans for receiving the tracking error signal,
and outputting a driving signal for controlling the optical pickup; wherein
the ofdses aadidistyirialamkgahichdpust iaphtekdt karbuabkithg s€f¥etare carried
out after the focusing is turned on in the state where a first |aser power

I's seidjubtart asdt EWehes\WaliahiAgueeasa: andtt Be hhasthef Esatradj ust nent
val ue, gain adjustnment value, and [aser power which are set by the above

descrifed adjanst e AtdeSWaiednas obkiat iadi Ystepnsoyahues in a first
storage area provided in the storage nmeans said optical disk drive being

characteri ggdabyctistd abbes, the s dpdiastarnt yai e QlaiNney fy the

adj ust nent operation
the second embodiment of the present invention, when the optical

disk drive shifts from the reading state of the CD-RW disk 3 to

the writing operation at an arbitrary n-~th (n =2, ..., m) laser
(2) power Pen, the CPU 11 controls the laser power switching circuit
12 so as to change the laser power from the optical pickup 1 and,
simultaneously, reads the n-th offset adjustment value Ofen and
the n-th gain adjustment value Gen from the storage means 7, and
sets these values in the offset adjustment unit 5 and the gain
adjustment unit 8, respectively. Therefore, malfunctions of the
servo system due to a response delay in the gain adjustment after
the laser power change are avoided, thereby providing an optical
disk drive with stable operation. Further, since the gain
adjustment values Ge2~Gem corresponding to the second to m-th
(m: integer not less than 2) laser powers Pe are obtained while
the laser power from the optical pickup 1 is turned off, there is
no fear of destruction of data on the optical disk 3 even when
the second to m-th laser powers are erasing powers.
(Embodiment 3)

Hereinafter, an embodiment of the present invention which is

defined in Claims 7 to 9 of the present invention will be

described. Figure 7 is a block diagram illustrating the



are stored in the first storage area, the command means outputs a comand
for turning off the laser output to the |aser power switching r§angE8n3003
after the laser output is turned off, second to mth gain adjustnment val ues
to be set in the servo systemwhen second to mth (m integer not |ess than
2) laser powers are emtted fromthe3ddptical pickup are obtained by
arithnetic operation based on the first gain adjustnent value, and the
second to mth gain adjustnment values are set in the gain adjustnment neans,
and then, second to mth of fset adjustnment val ues for canceling offsets
that occur in the servo systemare obtained, and the second to mth | aser
power gongdruchilpnst fremt optes] dhsk odfised adhorsiimenttorad udsirat e stored in
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error (TE) signal relating to a tracking servo system, among the
servo error signals. In the optical disk drive of the present
invention, when the reading operation of the optical disk 3
shifts to the writing operation, two adjustment values selected
from the plural offset adjustment values stored in the storage
means 7 are set in a first offset adjustment unit 13 and a second
offset adjustment unit 14, respectively, and offset adjustment of
a tracking error signal TEl generated by the error signal
generation unit 4 is carried out in two stages.
p Figure 8 is a flowchart for explaining offset adjustment by
\;) the optical disk drive of the present invention. Figure 9 is a
diagram illustrating the push-pull method as the TE signal
detection method, and figure 10 is a diagram illustrating the
offset adjustment value calculation method by the optical disk
drive of the present invention.

Hereinafter, the operation of the optical disk drive
according to the third embodiment of the invention will be

described with reference to figures 7 to 10.

Initially, the drive is started or the disk is loaded (step
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pickup 1, whereby the drive goes into the spin-up operation (step
$302).

During the spin-up operation, the first offset adjustment
unit 13 subjects the tracking error signal TEl generated by the
error signal generation unit 4 to offset adjustment for canceling
an offset of the signal TEl from a reference voltage, and the
gain adjustment unit 8 subjects the tracking error signal TE2
from the first offset adjustment unit 13 to gain adjustment for
making the amplitude of the signal TE2 constant. Further,
besides these automatic adjustments, disk discrimination by a
disk discrimination means (not shown) or the like is carried out
(step S303). In the present invention, an offset adjustment
value (Ofr), a gain adjustment wvalue (Gr), and a reading laser
power (Pr) in the reading state of the optical disk are obtained
by the above-described automatic adjustments (step S304), and
thereafter, these values are stored as first adjustment values in
a first storage area provided in the storage means 7 (step S305).

In the case where the error signal generation unit 4
generates the TE signal by the push-pull method as shown in
figure 9, a deviation of the optical axis of the photodetector
(PD) as a light-receptive element may cause a difference in light
amounts between left and right portions of the PD with respect to

the tracking direction, and the difference in light amounts may

cause an optical offset in the tracking error signal TEl.
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error signal TEl in the offset adjustment at spin-up, whereby
Voffread is generated.
Since, as in the first and second embodiments, servo control
is performed at the erasing power of the laser during reading of
the CD-RW disk, the offset adjustment value and the gain
adjustment value which are obtained when setting the erasing
power are employed as the offset adjustment value and the gain
adjustment value at writing. In the present invention,
considering variations in characteristics of optical disks from
maker to maker, in order to realize optimum writing operations
for CD-RW disks having different characteristics, second to m-th
(m: integer not less than 2) writing powers are previously set,
and second to m-th adjustment values corresponding to the
respective writing powers are obtained. 1In this third embodiment,
for example, m = 5.
:) Second to fifth gain adjustment values Ge2, Ge3, Ged, and

Ge5 are obtained according to formulae (2)~(5) as follows,

respectively (step S311).

Ge2 = GrX (Pr/Pe2) . (2)
Ge3 = GrX (Pr/Pe3) w {3)
Ged = GrX (Pr/Ped) . (4)
Ge5 = GrX (Pr/Peb) . (5)

After obtaining the second to fifth gain adjustment values
Ge2~Ge5, the CPU 11 sets the first to fifth gain adjustment

values Ge2~Geb5 successively in the gain adjustment unit 8. At



10 10 10 :#10%&' ()-18 "109%& ()-16-#10%& ()-14109%& ()-1}[ M1 10((ﬂﬂg(§
10( (! +F, $10% (& ()-'0 , "109% (& ()- 'l +t' 109% (& ()-{ . £8 2003
[$10% & ()-1t10% & ()-]dBM?1 10((
L T&I0% (& ()-1"10% & ()-!'10% & () -1 $10% & ()-s10% & ()-f&LO% & () - G3aBM?1
10(( 113'10% & ()-F+ $10% & ()-!'C 39
"TA10%HE () - YRAL0 & () -1 10% & () -1t109% & () - &bC 10((
1FS10%<& () -9%0%<& ()-G 10( 10( 10(F9'10% & ()-F7 $10% & ()-Y5: $10% & () -
| " $$$$} [ M?1 10<< 10<<
10<<!' &) " 10%<<& ()-! Fy:"10%<& ()-S'! F$109%<& () - F$10%& () - Y$10%& () - $$3[
&))**éﬁyg-éihe, assuming that the second to fifth gain adjustment
values have the relationship, Ge2 < Ge3 < Ged < Ge5, there occurs
an increase in the offset which provides the relationship, 0fe2 <
0Ofe3 < Ofed4 < Ofe5, with reference to the Voffread as the gain
adjustment value increases, as shown in figure 10. The Voffread
is an offset which is caused by that the first offset adjustment
(:) value Ofr from the first offset adjustment unit 13 is added to
the tracking error signal to make the tracking error signal
during the reading operation be based on the Vref. When the
Voffread is regarded as a reference level during the reading
operation, the 0Ofe2~0fe5 shown in figure 10 are offsets which
are caused by the gain change from the reading operation to the
writing operation.
The offset detection unit 6 detects the offsets Ofe2~0feb5
generated in the tracking servo system, and obtains second to
(:) fifth offset adjustment values Ofe2~0fe5 which cancel the
offsets O0fe2~0feb, respectively (step S311). These second to
fifth offset adjustment values Ofe2~0feb as well as the second
to fifth gain adjustment values Ge2~Ge5 and the second to fifth
laser powers Pe2~Pe5 are stored as second to fifth adjustment
values in second to fifth storage areas provided in the storage
means 7, respectively (step S312).
During the actual operation, the optical disk drive of the

present invention sets the first gain adjustment value Gr and the

first offset adjustment value Ofr in the gain adjustment unit 8
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However, when starting the writing operation, in order to
perform writing with an optimum laser power for the optical disk
3, the CPU 11 reads, for example, the third adjustment value from
the third area in the storage means 7, and outputs a command for
switching the laser power from the first laser power Pr to the
third laser power Pe3 to the laser power switching circuit 12.
Simultaneously, the CPU 11 sets the third gain adjustment value
Ge3 in the gain adjustment unit 8, sets the first offset
adjustment value Ofr in the first offset adjustment unit 13, and
sets the third offset adjustment value 0Ofe3 in the second offset
adjustment unit 14 (step S313). The driver 10 performs tracking
control of the optical pickup 1 on the basis of the tracking
(i) error signal TE5 which is inputted through the first offset
) adjustment means 13, the gain adjustment unit 8, the second
offset adjustment unit 14, and the control unit 9, and starts the
writing operation (step S314).

As described above, in the optical disk drive according to
the third embodiment of the present invention, when the optical
disk drive shifts from the reading state of the CD-RW disk 3 to
the writing operation with an arbitrary n-th (n =2, ..., m)

laser power Pen, the laser power switching circuit 12 changes the

laser power of the optical pickup 1 and, simultaneously, the
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appropriate offset adjustment can be performed even when an

optical offset occurs in the tracking error signal due to a
deviation of the optical axis of the PD, or the like.
Accordingly, even when the laser power of the optical pickup 1 is
switched from the first reading power Pr to the n-th writing
power Pen and thereby the gain of the servo system changes
significantly, the offset can be canceled with reliability,

thereby providing an optical disk drive with stable operation.

APPLICABILITY IN INDUSTRY
According to the present invention, in an optical writing/
reading apparatus which optically writes, erases, or reads a

signal on a recording medium, when a first laser power is stored

O

while a second laser power is used, the second laser power is
calculated by arithmetic operation from the stored first laser
power, and the first laser power is switched to the second laser
power. Therefore, even when the gain of the servo system changes
significantly, an offset can be canceled with reliability to
maintain the stability of the servo system, thereby providing an
optical disk drive with stable reading, erasing, and reading

operations.



101 OMBLOY& () - 710%& () -i i XkMNmOTPr man{ \ =94.0%&: () - $&109%& ()- 10,10
10F+MB10%& () -1 FM 109%& ()-!" Yf &10% () - anp\ oKgssssszl P10 9910%0(Y -F g 263

10! °3) 109 ()-!'F ' 10%&' ()-!OFy %d0%& ()-Fs$109& ()-sssZuuvwaB P10
910! " $10%' ()- ~$109& ()-!OF@9O%& ()- ~$10%& ()- 3#10%&' () -
1098 () - wwyyyyy"zbC0 99101 41098 () - 420%&' ()-&10%& ()-3 10 10
10+#10%' () - F(FA0% & ()-"zXzO[{{}}aBbC0
%10F) mLO%&' () -3s$10%&' ()-! Fy#109%& ()-F Z(10%& ()-F
Z(109%& ()-110%& ()-}}~O-b~~~dEbCO 9®1035f 10%& ()-Y3g
109 ()-31109%& ()-F/s!'109% ()-Y-!109% ()-3+s10% ()-~~89:; IMCO
910! 10%&' ()- 10%&' ()-f&10%& ()-4 TRAIMSIOY9g 109& ()-3710%& ()- TdEDCO
991010%&' ()- $10% ()-"10% ()- 109& ()-109%& ()- $10%& ()- 3naBbCO
910! 109%&' ()-1 10%& ()-y 10% ()-1210% ()-!109& ()-'40Yy' 10%& ()-1\aBbC0
99101 -109%&' ()-1 +g
109 () - EnFoREN&RL (Pibk 109K € ) coipt1OPRY () - #! 109K’ () - 37OPQdE: / 10 109y
109 ()-17 109 ()-15t!10%& ()-3!'10% ()-11@O0% ()-/!10%& ()- QR _bxV7/
100Yy an optical pickup for emitting a laser to an optical disk as
a recording medium, and signal-processing a reflected light from
the optical disk;
a servo error signal generation means for generating a servo
{:) error signal of a focusing and tracking servo system from the
reflected light;
an offset detection means for detecting an offset which
occurs in the servo error signal due to defocusing or detracking
of an objective lens in the optical pickup, and obtaining an
offset adjustment value for canceling the offset;
an offset adjustment means for adding the offset adjustment
value to the servo system to cancel the offset of the servo
system which is detected by the offset detection means;
a gain adjustment means for adjusting the gain of the servo
system;
a laser power switching means for changing the power of the
laser emitted from the optical pickup;
a command means for outputting an offset adjustment command,
a gain adjustment command, and a laser power switching command to
the offset adjustment means, the gain adjustment means, and the

laser power adjustment means, respectively;

a storage means for holding an offset adjustment value, a
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the offset adjustment means, the gain adjustment means, and the
laser power adjustment means, respectively; and
a driving means for receiving the servo error signal, and
outputting a driving signal for controlling the optical pickup;
wherein a first gain adjustment value and a first offset
adjustment value to be set in the servo system are stored in the
(:) storage means, when the laser power emitted from the optical
pickup is a first laser power;
said optical disk drive being characterized by that a second
gain adjustment value to be set in the servo system when a second
laser power is emitted from the optical pickup is obtained by
arithmetic operation on the basis of the first gain adjustment
value, the second gain adjustment value is set in the gain
adjustment means, and a second offset adjustment value for
canceling an offset which occurs in the servo system is obtained,
and then, the second laser power, gain adjustment value, and
offset adjustment value are stored in the storage means, and
when the first laser power is switched to the second laser
power during the actual operation, the switching of the laser
power and the switching from the first gain adjustment value and

offset adjustment value to the second gain adjustment value and

offset adjustment value are carried out simultaneously.

2. An optical disk drive as defined in Claim 1, wherein the
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is used as the reference.

3. An optical disk drive as defined in Claim 1, wherein the
first laser power is a laser power at a reading level, and the

second laser power is a laser power at an erasing level.

4. An optical disk drive comprising:

an optical pickup for emitting a laser to an optical disk as
a recording medium, and signal-processing a reflected light from
the optical disk;

a servo error signal generation means for generating a servo
error signal of a focusing and tracking servo system from the
reflected light;

an offset detection means for detecting an offset which
occurs in the servo error signal due to defocusing or detracking
of an objective lens in the optical pickup, and obtaining an
offset adjustment value for canceling the offset;

an offset adjustment means for adding the offset adjustment
value to the servo system to cancel the offset of the servo
system which is detected by the offset detection means;

a gain adjustment means for adjusting the gain of the servo
system;

a laser power switching means for changing the power of the
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laser emitted from the optical pickup;

a command means for outputting an offset adjustment command,

a gain adjustment command, and a laser power switching command to

the offset adjustment means, the gain adjustment means, and the

laser power switching means, respectively:;

a storage means for holding an offset adjustment value, a

gain adjustment value, and a laser power, which are to be set in
(:) the offset adjustment means, the gain adjustment means, and the
laser power switching means, respectively; and

a driving means for receiving the servo error signal, and
outputting a driving signal for controlling the optical pickup:

wherein a first gain adjustment value and a first offset
adjustment value to be set in the servo system are stored in a
first storage area provided in the storage means, when the laser
power emitted from the optical pickup is a first laser power;

said optical disk drive being characterized by that, after
the first gain adjustment value and offset adjustment value
obtained by the adjustment operation are stored in the first
storage area, the command means outputs a command for turning off
the laser output from the optical pickup to the laser power
switching means and, after the laser output is turned off, second
to m-th (m: integer not less than 2) gain adjustment values to be
set in the servo system when second to m-th laser powers are

emitted from the optical pickup are obtained by arithmetic

operation based on the first gain adjustment value, and the
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storage areas provided in the storage means, respectively, and

during the actual operation, when the laser power is switched

(:) from the first laser power to an n-th (n: integer not less than 2
and not larger than m) laser power among the second to m-th laser
powers, the switching of the laser power and the switching of the
first gain adjustment value and offset adjustment value to the n-

th gain adjustment value and offset adjustment value are carried

out simultaneously.

5. An optical disk drive as defined in Claim 4, wherein the
second to m-th gain adjustment values are in proportion to the
reciprocals of the ratios of the second to m-th laser powers when

the first laser power is used as the reference.

6. An optical disk drive as defined in Claim 4, wherein the
first laser power is a laser power at a reading level, and the
second to m-th (m: integer not less than 2) laser powers are

laser powers at erasing levels.

7. An optical disk drive comprising:
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a gain adjustment means for adjusting the gain of the
tracking servo;

a laser power switching means for changing the power of the
laser emitted from the optical pickup;

a command means for outputting an offset adjustment command,
a gain adjustment command, and a laser power switching command to
the first and second offset adjustment means, the gain adjustment
means, and the laser power switching means, respectively;

a storage means for holding two offset adjustment values, a

gain adjustment value, and a laser power, which are to be set in
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tracking servo are carried out after the focusing is turned on in
{i) the state where a first laser power is set in the laser power
switching means, and the first offset adjustment value, gain
adjustment value, and laser power which are set by the above-
described adjustments are stored as first adjustment values in a
first storage area provided in the storage means;
said optical disk drive being characterized by that, after
the first adjustment values obtained by the adjustment operation
are stored in the first storage area, the command means outputs a
command for turning off the laser output to the laser power
{:) switching means and, after the laser output is turned off, second
to m-th gain adjustment values to be set in the servo system when
second to m—-th (m: integer not less than 2) laser powers are
emitted from the optical pickup are obtained by arithmetic
operation based on the first gain adjustment value, and the
second to m-th gain adjustment values are set in the gain
adjustment means, and then, second to m-th offset adjustment
values for canceling offsets that occur in the servo system are

obtained, and the second to m-th laser powers, gain adjustment

values, and offset adjustment values are stored in second to m-th
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storage areas provided in the storage means, respectively, and
during the actual operation, when the laser power is switched
from the first laser power to an n-th laser power among the
second to m-th laser powers, the first offset adjustment value
and the n-th offset adjustment value are set in the first offset
adjustment means and the second offset adjustment means,
respectively, simultaneously with the switching of the laser

(:) power from the first laser power to the n-th laser power.

8. An optical disk drive as defined in Claim 7, wherein a
tracking error signal generation method employed by the tracking

error signal generation means is a push-pull method.

9. An optical disk drive as defined in Claim 7, wherein the
first laser power is a laser power at a reading level, and the

second to m-th laser powers are laser powers at erasing levels.
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