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; #$39Re3eE>>?BRBEGGETE U 1 OPTICAL D SK DRI VE TECHNI CAL FI ELD The present
|nvent|bn relates to an optical witing/reading apparatus for optically
WW|t|ng, erasing, or reading a signal on a recording medi um by enploying a
| i ght source such as a laser and, nore particularly, to offset adjustnent
inarewitable optical disk drive suth as a CD-RW (Conpact Disc -
-ReWitable) drive. BACKGROUND ART In recent years, an automatic adjustnent
function of a control systemin an optical witing/readin ar at us has
‘been devel oped by introducing a microconputer. Conventi on%‘ll‘l”ﬁ@‘l'ﬁl%%ﬂ“ﬂs an
‘optical witing/reading apparatus disclosed in Japanese P
Application No. Hei. 9-320067, wWhRBPERAPTRENpower of a | aser appbised to a
recording mediumis alternately switched between the power at readi ng and
the power at erasing, and a top peak value and a bottom pe
error signal which is outputted froman AGC (Auto Gain Cont :ﬂmnm,’mmummm
power switching are detected GBTECARdKI SIOIRRIVE cuit, and then of &&
adjustnment is perfornmed to renove a difference between these pea Val ues.
Hereinafter, a description will be given of an optical disk Lr 2 drive
whi ch perforns reading, witing, or erasing of an optical disk, for
exanplrecHRICBLRr{LoDpact Disc - Recordable) or a CD-RW (Conpact Disc -
ReWitable), as a conventional optical witing/reading apparatus. Figure 11
ij_s E 3I ock THagwsBdid Ustveiting thd ateistioucln @ptdfcad caritemig/oraldiapt i cal

is rive.

apparatus for optically writing, erasing, or reading a signal on

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.

BACKGROUND ART

In recent years, an automatic adjustment function of a
control system in an optical writing/reading apparatus has been
developed by introducing a 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



An optical pickup 1 is conmposed of optical elements such as a | aser |ight
source |like a |aser diode, a collimtor |lens, an objective lens, a

pol ari zation beamsplitter, a cylindrical lens, and the like, and a

phot odet ect or (not shown) having lightreceptive parts of predeterm ned
patterns, and the objective lens is driven by a twd-axis actuator (not
~shown). The optical pickup 1 detects a reflected light of a |aser which is
applied to a target track on an optical disk 3 being rotated by a spindle
notor 2. The detected signal includes a reading signal which is obtained
uring reading on the basis of the amount of the reflected |laser |ight from
the optiwalwiti @k phr fndhadiiaiing nfwarindnigon oy emalstining fgeaowepsicad error
signal generation unit 4 generates a focus error (FE) signal by the

asti qpd i snedetdedusre t he dma s(@fngdhe Siigral- Keppiridath Len omrt lae CopRitcal

pi ckup |, generates a tracking error (TE) signal by the push-pull nethod,

and 0;@&&5&:5 hese: Serpert51 i gnal 2 Schyien tapneflf opitiadjlust tent unit 5.
The offset adjustnent unit 5 adds or subtracts an offset adjustnent val ue

st or e | s B At QL Rey ESr et/ from the servo | 3 error signal SEL
supplied fromthe error signal generation unit 4 to cancel an offset of the

Servo erro@i%hg%ahlsﬁ%,aaBdo@%ta&bgrhﬁeimﬂﬁgeta@aﬁgetﬁd genyorectbonsi gnal
SE2. An AGC I5 nornalizes the servo error signal SE2 received | fromthe

of f sef ¢ ad] LSt FEint 1 S 1 tout hei dbadsiwf. a signal indicating the sumtotal
of the anmobunt of |ight detected by the photodetector, and outputs the

nor mal | 26d ;$1ope @10k EhiRal 353 cbApdseanbEdbpelthle1dieneantsioh asit O
determ nes the characteristics of a servo | oop, such as phase conpensati on

Gl gnat S E o E LR SR T e e P T e T ocusi ng
and tég%gépgve 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
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 SE1 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



actuators. On receipt of the servo error signal SE4 fromthe control unit

9, the driver 10 perforns focusing and tracking control so as to bring the
objective lens in the optical pickup 1 into an optinumstate with respect
to the optical disk 3. A laser power switching circuit 12 changes the | aser
power emtted fromthe optical pickup3l, thereby perform ng readi ng/erasing
-of data fromthe optical disk 3, or witing 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 SE1 when the | aser power switching
circuit 12 switches the |aser power fromthe optical pickup 1 alternately
bet weeprbhesi gadl ngE 5t sthep 1 idd afidon heheresiony stgnal derepebiomoltitcid cui t
(not shown) detects a top peak value and a bottom peak val ue of the servo
errortsi gaateBSEAni offbetrefding oerve i ¢inyr st bfree bfSEhe apl icairwisk 1, and
stores these values in the storage neans 7. Further, the offset detection
unit éndebeetstacghééreenservd éheosesign®l rSE2 si gnal s between the reading
state and the witing state of the optical disk 3 on the basis of the top
peak val ue gnhddea Deidaminerls wlaueeafvct ke rser wd gelaloSES gealeiwkidch are
stored in the storage neans 7, and obtains an offset adjustnment val ue which
canceksohhifedbEEgeensgjuandest ongstthe of foed s LSteEd ypdnel in the
storage neans 7. As described above, the conventional optical disk drive

perforpgiehtsal AHEUshERbtandogathe aghosh fest fOght Neefoctisd ngy attee
tracking servo systemduring reading or witing of the optical disk 3,

thereBy, ¢gakERELLRY LAE S8ENALSYSheéMm&LniNated NoeBB) ESEIVE $PMSal rERIIE
optical pickup 1 is brought into an optinmum state with respect to the

optical, di skndrolnuhe gonventional technique described above, however,
when performng witing on a recordable optical disk such as a CD-R

(Conpact Digg. --Racdabl®) g SRRV Comagta Dt RaWiidsale) seliwogai n

of the servo Toop Is tenporarily increased due to a response delay from

when the | ager,Pouer,suit eBhBEncLE skt oENBREES LS LASSF POYRAL toEIhen the

AGC coinétes garn %ontro?, a%eregy t he servo system becones unst abl e,

resul LinghR HQ%etegﬁdOEuQEBtéeEﬁg'sgpgoiQif&fngfgﬂgghéE@etén§r§§§@@r S
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
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



especially when the | aser power is changed at high speed as in the OPC
(.Opti pum Power Control) operation seeking for the optimumwiting power, or
when hi gh-speed witing on the optical disk is carried out by the inproved
technique in the recent devel opnent of optical disk drives. Further, since,
in the conventional nethod, offset capturing is carried out by alternately
-sw tching the | aser output power between the readi ng power and the erasing
power, data witten on the disk m ght be destroyed. Furthernore, in the
witing operation on the CD-RWdisk, it is necessary to servo-control the
~optical pickup on the basis of the detection signal of the reflected |ight
from ahe thskentsihe staséng Poecpeak hokd| abeeulan(mdl sehovad] TGRS val ue
for witing is required aside froman offset adjustnent value for reading
duri ng whpchedkevapte cahd pi dhefptos seak ovalbm rof |8t Wauva REIPat ect i on
signal of the reflected light fromthe disk at the reading power. Mreover,
in theignsh-gpll inethedresdihe ¢r acki ninersoatsighdheamriaalonird Hod,
since an optical offset may occur due to deviation of the optical axis of
t he phatogdebeetothase avhlghs - frecelpd | veordeeemansry of f Bet thelf ustiment val ue
for witing nust be obtained considering the optical offset. The present
i nvenpiF@BRet SdeBdetion viieit 06 déeeabova- diehf évereck sin udie gemmd drarfor its
object to provide an optical disk drive which can performgain control
speedih¥ynh0snBeBlabn the stadihit ytatetded seie ovsyisiremstevten atherhe he gain
of the servo system 6 changes significantly when performng witing on
the oppigeah1diskk Bl SELESURESFs THE tNYEND edbevales eamd ithwerddtdron s made
to achieve the above-described object, and an optical disk drive according
to O gieaylvaQQBr b§eshansepybCcatror CKUGnA Drwielith targ Stdsdrin cian opti cal
di sk as a recording nmedium and signal-processing a reflected Iight from
the optbsaedheknsa75€6M8 6hEQENSI SRAbE GEBET 28 @at@aNSvE Nie gaMiatiat i Ng a
servo errorf signal of a focusing and tracking servo systemfromthe
reflectedohisohhi sani ekEsehcdet 88k 9B FBANEHE 06 £ 6 €CAdNgs taferof feeluanhi ch
occurs In the servo error signal due to defocusing or detracking of an
ObieCH'V%hgeg§oFggghﬁegHgi@@I pi ckup, and obtaining an of fset adjustment
val ue for canceling the offset; an offset adjustnment means for adding the
of fset adj ugl RO VAL dsbidle Sf QrSHsieBi Gptaelalt e sof lgeveof the
servo system |éﬂ I's detected by the offset detection neans: a gain
ad VS rH{%aB%fffs%‘c %Qﬁﬂéﬁ:in@ﬂtt Qﬁdgabﬂnogd]ﬁ]ﬁ§tﬁ§ﬁ¥0f§fsﬁl?@ fHchfSey power
I angl ng f the |

swi t chi'ng nmeans for ¢ the power o aser emtted fromthe

ont P yAE 8, ST, el nguedsl gt f gy o sl o

command, _ command, _ er power sw tching conmmand to
the olisl3diiiskmant (ARaas Eaﬁt%wiﬁgl VSLTERLyHRapSEeRNEh theat ases pover
adj ustent” “means, réspec |vgly; a storage neans Yor ol ding an of f set

adj ust t..\al us, [ dj - t , 1aE PRV j eto
beJ setO%S%ctt\ée eoﬁ 5 %t quj@tk}gt #g%%@%ngaﬁ‘é@ky Eelggig nﬁggﬁg}g’% ment rra\erét\rll\"gs%b@ﬁm%ii and
the | aser. pouss, adiustiaent, FRANSpctespeaibyeby; and a driving means for
receif?ﬁb he Servo-error signal, and outputting a driving signal for

trolli th ' ' ; ' i st i ' I d
First of f solhacfervine PLFtEr; LT Ee e e el b Hiion i)

first offse e servo systemare stored in
11 S OB O N W Thé GBCPERRLarSEliae PEoRnSraR o7 | Sed by that a
acor SRR T Lol FONAERS) g Eal PpRUkIS RESaE: ALRGd by ar it hroti
2 oA RIS /PSR (e 8 RSACEHEn Sneaheanaty LeREeRY, 05, "
S obtINC PaREe Cha Vecontt Alelr Budr oBoPHlEs) BethEnERTr e and

asor GBI CHRNG RS o RS SENERD PasBr bRy Pl TGP ERERcona
tion, th it chi f the | dth it chi .
Tt GG ol (DR GETP GOREEN S CIERoRP VAL’ | beEHE-E8Roh gai n

adj ust nent val ue_and of fset adjustnent value are carried out

si mul tER iR oA Re Y0 dhE Mt Brendre iAFERESSRE in the
optical disk drive defined in Claim1l, the second gain adjustnment value is
in proportion to the reciprocal of the ratio of the second | aser power when
the first laser power is used as the reference. 8 According to Caim3 of
the present invention, in the



optical disk drive defined in daim1l, the first |aser 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

di sk drive conprises an optical pickup for emtting a |aser to an opti cal
disk as a recording nedium and signa®-processing a reflected light from
-the optical disk; a servo error signal generation neans for generating a
servo error signal of a focusing and tracking servo systemfromthe
reflected light; an offset detection neans for detecting an offset which
*occurs in the servo error signal due to defocusing or detracking of an

obj ecéspeciehbyiwhehetlopt lasgr ek, iandhapied mhdrigh ofFerkd aijidst nent

val ue for canceling the offset; an offset adjustnment nmeans for adding the
of f sethadpB&t nept 1wah ukower tGentero cysraiien seeiciald tier dfffe apoMmihe
servo systemwhich is detected by the of fset detection neans; a gain

adj uswwaetingeposef proadiuet i mjghheperd woitime serivie systisnl adissdrs power
swi tching neans for changing the power of the laser emtted fromthe

opt i cahrpi6lupit abgomhanimpeavsd f Dz clout guet t imgtlae oédast deijeilsinmsntt
command, a gain adjustnment command, and a | aser power swi tching command to
the obtseptadalstimentdntass, the gain adjustnment neans, and the | aser power
swi tchi ng neans, respectively; a storage neans for hol ding an of f set

adj ust ment madtlesr,a gaide,adjnusihee rionwalnitd onarid me thaskr ofdwert, capittoiriage to
be set in the offset adjustnent neans, 9 the gain adjustnent neans, and
the | ageeapoyved suttbhi autseasselyespecthimdythanthsedrowimat meawess f or
receiving the servo error signal, and outputting a driving signal for

cont r gkkivagnt BReOpth8ahgPpEKEP: anbiet ke NePafinGtp@adn, adhtistweitteralare and a
first offset adjustnent value to be set in the servo systemare stored in a
firsttgbopage RALEAtPHEVHESEHrbhelihe storage means, when the |aser power
emtted fromthe optical pickup is a first |aser power; and the optical

di sk drive fg-ahanaatsr i Zed iy Wihatin@ldeir dthed ionstrhgaiop-agj ustsxentitval ue
and of fset adjustnent val ue obtained by the adjustnent operation are stored

In thegf 'hééteséae?aes 3L 830~ OB EOIMBRE ap@ﬁéapupp@m?ao@omrwhém_dmrni ng
off the laser output fromthe optical pickup to the |laser power sw tching

means . §adgeabtehohhgihAger oeULREt ré 8164t 8801 06kt 5£6RNENE O Rk hat NEhd Nt eger
not | ess than 2) gain adjustnment values to be set in the servo system when

Secor‘@rég iyt Boli@Sen sPONRT 32868, eaht b edsbrogui et APE Cak1pé Ckop are
obt ai ne %y arithnetic operation based on the first gain adjustnent val ue,

and tQ?i%?ﬁ%QQSt9e§hg?e§a59iagjE?BHEQB ¥akUes axusehenf YHELSAF O
a nd f hen,

adj ust ment ns, second to mth offset adjustnent values for

cancelng; Al 8Bt nbN3hiBACHhe! BpthEssehyOkay St emat fo0bbat ROt e @i dhe

second 10 n¥t powers, galn adjustnment val ues, and of fset adjustnent

val uegpar g $Loked,| Qi;ﬁ%?ngft ULy EEf%@Eé&eli‘ £RSePERAVENEdal by the siorage
nmeans, respectlvepy, nd, during the actual operation, when the | aser power
[ i f h ' - t gl th
2 e BB e R oy B B e e g B o i kT hser
pover g, the Sy.tghing ot Egﬁ ﬁ@%ﬁ&gpogﬁﬁcéngntPﬁt?&élc ffgeﬁfmépebééﬁﬁt
gain aE}ustne valFue an5 of fsét  adf usimént valle fo the nth gain

dj ust I f ' I j

20 R o AN oL ESehetLUSLUPE, Y8 e Bhe BRLELSGOULr oo o
ol Uod TSP SP POATER Tt neny BorBebcana IS ERS PariseroF PRt ona 1

val ue 0 the reéciproc € ratros o e setond to
Aecor BORG B CPAP 8 CoF ot Ré 5 ebdn R EnBRE Cah, Of REFhe opti cal i sk dri ve
evel and The BECSHAT LB HREH O 1 dbaporhot Thelt vin S el Aol or e
| nvenE oAt L AP CTEE af PvETd8Rbr FeaB K opt FRaPBhH ERIRCHoF SRTTing a
o1 FotkOaT (< PRRGRPTRS 0t CORE: B SRPUE ot HokPng b TOF o BRat CaEReY Y | on
means for generatin% a tracking error signha tracking servo fromthe

| of
ref | e@fed NS GREYCaFYStetet SYE b8 thEaHE! ogfngECFFﬁﬁoaﬁyﬁg?@et whi ch

occurs in the tracking error signal due to detracking of an objective |ens
in the optical pickup or deviation of the optical axis of a photodetector,
and obtaining an offset adjustnent value for canceling the offset;



I

11 first and second offset adjustnent neans for adding two of fset

adj ustment values to the tracking error signal to cancel the offset of the
tracking error signal which is detected by the offset detection neans; a
gai n adjustnment neans for adjusting the gain of the tracking servo; a |aser
power swi tching means for changing th® power of the |laser emitted fromthe
-optical pickup; a command neans for outputting an offset adjustnent

command, a gain adjustment conmmand, and a | aser power switching command to
the first and second of fset adjustnent neans, the gain adjustnent neans,
and the | aser power sw tching neans, respectively; a storage neans for

hol di njahgesofiget £ adpust vemten apereso rl raiwr Hejis terenihs AR can @ 8K -aser
power, which are to be set in the first and second of fset adjustnent neans,
t he gain adjustnent neans, and the |aser power sw tching neans,
respectively; and a driving neans for receiving the tracking error signal,
and oDIPALOBUBEaOHr THENGNEENREONf or controlling the optical pickup; wherein
the offset adjustnent and gain adjustnent of the tracking servo are carried
out after tie frmssamy jirsveniriced ien radet e sichtievwhdahe abbivesdelsggsébegower
is set in the | aser power switching neans, and the first offset adjustnent
val uepbgatn, adhdshneoptvaklediskddt iserapovedingi th Graisel domphises
abovedescri bed adjustnents are stored as first adjustnment values in a first
storage apeacplopidedpi Sotrhemstbinagea nktassr amdan hepoptakadish sde drive is
characterized by that, after the first adjustnent val ues obtained by the
adj ust-eeBtrdeper AbHOOmAr endt st @fal Aptbeessidg farsefhe¢oradel bgteta, ftde command
means outputs a comrand for turning off the |aser output to the | aser power
swi t ckhagopeanaladdskaf besekhe baser siugpal denévanech afidansetmnd to mth
gain adjustnent values to be set in the servo system when second to mth (m
i Nt eggenBebithiagsat BaRva) ekaser spguer sofr & eotts by f 1w thecloptd csdryo ckup
are obtained by arithnetic operation based on the first gain adjustnent

val uegyardnt keoneeardrb@18LtBa02i ghefl] 6t dENsevalidescal 6n Sedans fde gain
adj ust rent nmeans, and then, second to mth offset adjustnent values for

canceljRe Rfihdehs bRake@CRHAchNoEBErSCiMOLBY SEEFV Al &r £OE as gk ] adgk tihe
second to nth’l aser powers, gain adjustnment val ues, and of fset adjustnent

val uegeaeslifled i ReteaendntOof bR sb9Lagevar eass PiRViHgdophi¢de St orage
means, respectively, and, during the actual operation, when the | aser power

i's S“’gﬁ%%?),f LA bheafinislh haseErBeWeEdY AsBheRt t al@sefopov@icanDiy t he
second to mth |laser powers, the first offset adjustnment value and the n-th

of f setiyad nt yalye sake 88hsknehbenbhhst 05 5841 A4 tBé nentseeans and
t he sgg%ng%g%ggetaadjusfnenﬁ ﬁegns? re?pectively, s%ﬁgltaneously with the

Swi tcgd;%scﬁfmggﬁe Va8 tBO\ﬁ'glre %E?%t BesEbhstol agREPOVRE bPrébe Hftnd aser

power. According to Claim8 of the present invention, in the optical disk

il oy sy S aiBa it dREREKLATRGT LRE SrfSt HEreLfibAmomiIils
sk aiaige Sttt Hedd Bo8! dlEsREGCRhe BUER BN DL oL e o e
o asi g 1 pRE SRR A €Dy BRSRORAYCERC PhGuLECS! DONIEE
oo o 1 TEG, £, PR I P KD 06 BBk BOnBah80EEr ] BupupPlagR, I S
oFror 0 ST SOEEHIC CohidnR, ATRER A03u8BARAL] BonlER) Sbhd0a 8 SO VO
ot g%gerggoseérsﬁsg}nia%hgglg RS L0 I8 heCLBg BN A LS Bheithl fla0ECUEe T N

( € S € _OCUSI ng or ra_c ng of an objective | ens
cancolTg: 1 ot iy a5 BB udPReh PERRc IR A ERRb R AL e
Syt oS et M G B RBSOF B0 HELAEr o InBaes o gA RRa Gt nent
Toans T g g RO U o e | AR08 “oNRPEBUPPYE ¢ FELOHL FERI FRi ckup

t

rcal pickup;

a conmand neans for o tti n of fset adjustnent co n a,gain

adj ustifertetcomdite %ﬁ{fpeg: @g@ﬁl,s rm§\7'i';inls(fh;‘1é § €6iMa %Sgpﬁgtop?gréf’

adj ust rent nmeans, the gain adjustnment neans, and the |aser power adjustnent
means, respectively; a storage neans for hol ding an of fset adjustnent

val ue, a gain adjustnent value, and a | aser power, which are to be set in
the of fset adjustnent neans, the gain adjustnment nmeans, and the |aser power
adj ust nent neans, 14 respectively; and a driving neans for receiving the
servo error signal, and outputting a driving signal for controlling the

o, o o o o, o a



15 According to daim3 of the present invention, in the optical disk drive
defined'in Caim1l, the first |laser power is a |aser power at a reading

| evel , and t'he second | aser power is a |aser power at an erasing |evel.
Therefore, for exanple, when the optical disk drive shifts fromthe optica
di sk reading state to the witing opeffati on, the servo error signal offset
-adj ustnent and the gain adjustnent can be carried out sinultaneously with
the switching of the output fromthe optical pickup, whereby mal functions
of the servo systemdue to a response delay in the gain adjustnment after
“the | aser power change are avoided, resulting in an optical disk drive with
st abl erepemat ileserApoordi agiue t@eatnméant, t hespeeséneliynvendi andrawivgt i cal
di sk drive conprises an optical pickup for emtting a |aser to an opti cal

di sk afeahd e dideg imddigumheanersiogealropr scgssilngaadr efikputédnbi ght from
the optical disk; a servo error signal generation neans for generating a
servo gfiamgisgrplaloffor foeeitsiond iand theackitngadepiokspst whrefeém ehe
reflected light; an offset detection neans for detecting an offset which
occur sfigstt ke iSerae tientsivenale duel ko fdebacosifsgtonddestaekitnyadfiean
objective lens in the optical pickup, and obtaining an of fset adjustnent

val ue forpcancelimar fdset svatenf hset sadjrest mantheeansrhge addnag t he

of fset adjustnment value to the servo systemto cancel the offset of the

Servo \Jyst R L iRt etd dad tthemftheebpderadt bookumpans a garst
adj ust rent nmeans for adjusting the 16 gain of the servo system a |aser

power syd.Cchidig eany ftdfe CIANGENT dikk PRWRR afs therhaserierdt bgdthaam t he
optical pickup; a command means for outputting an of fset adjustment

comand, 5 & gal A9 UsijRRinaAMmRNte ard R Isegeinpeher sewvioC BiyBgegowhend to
the offset adjustnment means, the gain adjustment neans, and the |aser power
swi tchi @eé@@%aé@éwweﬂyeﬁt&t@q G uTRMRS ofp@i Bal @ikguan ief f set

adj ustment val ue, a gain adjustnment value, and a | aser power, which are to

be set i {06 off et AdiUstdRPerBANS, degAidaAd W Rt fRaRs gaand the
| aser power swi tchi ng neans, respectively; and a driving neans for

recei V%%ég{ﬁé@w&@é[ YFhSi GN@ing I PUDM G2 vine 1§ Fe@nah fae

contro e optical pickup; wherein afirst gain adjustnent value and a

et Sl e o e e T i R o e povor
sk drrvet TR R AR R R i D S R B et al e
e Bir BEORt oripe T o TR L e i T A e Turning.
means GhEceti i FHier bR AT AR P R SR e R T T R, ofer
SecondttB hETRCI hECr! pBEE O R o il Rl P e e
obt ai ned. by arjL et ) oger pLi o, based On £he 14 ' Al N AdLUSIAR vl ue.

and th gar n ‘adj ustmnen es are set 1n‘the gain

dj h , . i f
o0 St TR0t PRS00 LGP SPEODO 30 Aol Lot Wi T ol 1o
second, L0, TLAR, LoSEE RO 5y 001028 ELTUIl vy, and, 1 5elq et ren

storage -areas provided 1 n fﬁe st orage
nmeans, resgectivel and duringe he actual. 0 eratifn, when the | aser power

is sw fEpE tF?BF1Y%éu?i?§? FAERFePoMRE TH RHEHTN T i nteger not |ess than
2 and not larger than | aser power . anong the second.to m.th ser powers,
the switchi MRS |£&lap16%@?°§&hteh@rg\ﬁefl hilﬁé’e&%ltoﬁ‘é #r & %gai n

adj ust rent val ue and offset _adjystnent value to the nt al n adj

val ue 8R§16REsELskdftsVRe ?f%ﬁ%ael%rgi%ﬁTrf@dtQﬁns%ﬁ?Rlt I L%é%#g%ﬂgﬁg
Therefore, the servo error signal, offset adjustnent. and the i,n adjustnent
can beV@akfi é8 &bt PEPRAFEARRO glghﬁﬁfﬁc%ﬁﬁpéﬁftgﬁiEEFcﬁa§+ﬁaéﬁh%hﬁ fromthe
optical pickup, whereby nalfunction OL Lhe servo systemdue to a response
del ay BRCPRE géﬁﬁraBPH§Fn¥H?naFP%r £REt| SRBRT pRORET changeard® a8 ded,
resulting in an optical disk drive with stable operation. Further, since

t he gaireigdensenrent val ues of the second to mth |aser powers are obtained
while the laser fromthe optical pickup is turned off, there is no fear of
destruction of the data on the disk even when the second to mth | aser
powers are |laser powers in the erasing state. According to Caim6 of the
present invention, in the optical disk drive defined in daim4, the first

| aser power is a 18 |l aser power at a reading level, and the second to
mth (m integer not less than 2) |aser powers are |aser powers at erasing

Y o - r 1 r



19 changing the power of the |aser emtted fromthe optical pickup; a
command' neans for outputting an offset adjustnment command, a gain

adj ust ment command, and a | aser power switching conmand to the first and
second of fset adjustnment neans, the gain adjustnent neans, and the | aser
power swi tching neans, respectively; & storage neans for hol ding 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
signal for marrdidg iy tHeioptd od QNaﬂQM@ﬁewﬁeﬂ@Wﬁnﬁﬁ@nmfﬂ@e%hédjustnent
and gai n adjustment of the tracking servo are carried out after the

f ocusbpgitalt i pRddohvendehinstiate Gheire b fihstfinserlawserrdveseds ign the
| aser power swi tching nmeans, and the first offset adjustnent value, gain
adj ust geat palee, aand raseingolevehi ahdatiee see¢cdnyd t hees @b vt crd Fed
adjustnments are stored as first adjustnent values in a first storage area
provi dadeirnpbliersher ageepeanay asdelhe optical disk drive is characterized
by that, after the first adjustnent val ues obtained by the adjustnent
operati on aEe-StOIef i dheid 14 Y My age sarea, invee tdomuarat wpaisadut puts a
command for turning off the laser output to the |aser power sw tching nmeans
and, afik®r grheel asRproYtBULNi 8pt BEARD OE kup SE6HNEMt Ot tag ha ghd semdfaistnrent
values to be set in the servo system when second to nth (m integer not

less thancdh WASRr aBOWek8cargiffl htaduhf ogh8heignaPépoptesainpiakup are
obtained by arithnmetic operation based on the first gain adjustnent val ue,

and ther3eeceRd 1QgAkt krgal RhadbysipBNt dvakpes seevseéridrtdieggal n
adj ust rent means, "and then, second to mth offset adjustnent values for

cancel iR Qfcfis6t siebhat reeCHEnkRathBgSEr Yersystervar i@hini 8da and the
second to mth |aser powers, gain adjustment val ues, and offset adjustnent

val ues & 130584 P a38508d skevB K sSEAr agematrasrpe Dyt eed 1nghihe &t orage
means, respectively, and, "during the actual operation, when the | aser power

Is swifched HQmEhenf heShs! 238 d@?\é@'&ih? 8Q BrEBetangicRO¥EELBSDNY the
second to mth lTaser powers, the first offset adjustnment value and the n-th

of f set,,ad] N %3 48 A8 S8k kB hBeoELEShgobEsabradishgest arans and

J ‘é%lxq';!;e
the second of fset a justment neans, respectively, sinultaneously with the

ot R e o RGP Becltint shassicponerg et berset ! | oo
o el iR (oAl 9p shoble oBl ol capisol snhegemt oab i i he
chenoSh AR SR, 4R, 28, i stuanol bl Laseopeupicolyihen

of fset. san.he cangel.ad it g Shialil iy o Lea! Lh30n! :2808LkEEal pgi shodrf ve

i on. ernore, since the gain adjustnment val ues of the

second th | aser _powers. .are ai i a optica
pichu?ﬁi?%gn e§f€§¥¥P9ﬁ§F€’i§ ﬁ%q e&rggfﬁg§§$r§§5P5n§§? %Egagg?ggoﬁﬁ%he
di sk even wh t he second to mth 1.1 r r e owers in
the erdsithd st@dt%e SE ordiH§ ™ o adlgﬁsﬁ%gpg%%?hgag}egégﬁ? ?‘ﬁ\%g%t :fgg, in the
optical_disk drive defined in C.aim.7, t. fir I r I S ser
over GREBSARAINTG HRE © i He S ST S OmieR™ S05 OBSiers BiEHpRT,
powers at erasjing |levels. Therefare, for e, h power is
;:hang{eaﬂ T?I?ﬂﬁri*é‘%fairissfqratsoﬁrkpﬁ&%fl toa i ﬁﬁ%{{ﬁ:ﬁ?ﬁ\g&ﬁ%?&e?rgﬁgﬁg'; e ste(r:]ond
o m aser, powers due to e _state change o e.optica m t he
1teadik_n‘?f”s“f a%@‘?%?“ﬁ{éﬁ v%qmaiféi’stag’t 2 ?}?ﬁﬁri ?otﬁ'froﬁfﬂi%gﬁllg fggﬁ}“?é?lé?g i {1 t hle
racking error signal due to a deviation.o e optical axis g g.0ptica
pi ckupte? ?@ﬁ???l&QJQﬁﬁﬁqﬂﬁlﬁﬁ%P%ﬁfgaﬁ Sedu SEITETIERT BE2R5r  PES SUE.
Accordj ngly, even when the %gén of theegﬁ{%p ixstenk%han es sk ni%&cantly
fjue t ol 3 $Rt CFH%{'hH%J% ?:l’i‘?'é“}% ¢ aI}fUV\é:relepa l; hi‘?el f’: Fst® : §t§g ﬁgﬁelrt_tfo the n-th
aser power, e offset can be canceled w reliahili res ing i,n an
opticé¢°H¢%&gdﬁ?v%f§ﬁ?¢l%ﬁ%ﬂﬁ%@%ﬁhﬁ%ﬂ%Qﬁi BREE @ﬁFE%FENVEgu?HE BEAW NGS
Figure 1 is a block diagramillustrating the congﬁ;u%}ion OE anto%yica
di sk d&i ¥@SeE R g wlblféﬂfali%tt%rﬂ?ocﬁ%?-gﬂtn gt fpd fset adjustment means,



present invention. Figure 2 is a flowhart illustrating the offset
adj ust ment operation of the optical disk drive according to the first
enbodi ment of the present invention. Figure 3 is a diagramillustrating a
detection signal of a T 22 reflected light froma disk at witing of a
CD-R di sk, and a signal obtained by sanpling and hol ding the detection
-signal, for servo control. Figure 4 is a diagramillustrating a detection
signal of a reflected light froma disk at witing of a CO-RWdi sk, and a
si gnal obtai ned by sanpling and hol ding the detection signal, for servo
“control. Figure 5 is a block diagramillustrating the construction of an
opt i cahedbskndeidyesanentdinagnsp andetbadlesbodpoeat i tdeipy eseants,
invention. Figure 6 is a flowhart illustrating the offset adjustnent
oper arkeepeativheéyopthdak drskidygi meamscbodi ngceédvihe Skeeoswrvo 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; and the optical disk drive is 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
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
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



enbodi ment of the present invention. Figure 7 is a block diagran1'
i.I'bustrating the construction of an optical disk drive according to a third
enbodi ment of the present invention. Figure 8 is a flowhart illustrating
the of fset adjustnment operation of the optical disk drive according to the
third embodi nent of the present inventdon. Figure 9 is a diagram
-illustrating a nethod for detecting a TE signal, enploying the push-pul
nmethod. Figure 10 is a diagramillustrating a nethod for calculating offset
adj ust ment val ues, enployed by the optical disk drive according to the
*third enbodi ment of the present invention. Figure 11 is a block diagram
i || usthat inbg thegeenshruct) ohase23powen soongnthenagceopdi tal Nufkklageve.
BEST MODE TO EXECUTE THE | NVENTI ON Hereinafter, embodiments of the present
i nventord, | khe sesehilhgdodi ther dheeenpewen ahé thavswyschihg ehbele nents
described hereinafter are nerely exanples, and the present
first gain adjustment value and offset adjustment value to the n-
th gain adjustment value and offset adjustment value are carried
out simultaneously.

According to Claim 5 of the present invention, in the
optical disk drive defined in Claim 4, 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.

According to Claim 6 of the present invention, in the
optical disk drive defined in Claim 4, 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.

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;



I nvention is not restricted to them (Enbodinent 1) Hereinafter, a

description will be given of an enbodinent of the present invention, which
is defined in ainms 1 to 3 of the present invention. Figure 1 is a block
diagramillustrating the construction of an optical disk drive according to

a first enbodi nent of the present in¥éntion. In figure 1, the sane
-reference nunerals as those shown in figure 11 designate the same or
corresponding parts. An optical pickup 1 is conposed of a laser light
source |ike a laser diode, optical elenents such as a collimtor |lens, an
‘object!ve | ens, a polarization beamsplitter, a cylindrical |ens, and the
i ke fiost sorodrgecandl of vt caliustmsmthadans |Sgh st it Pdriss tof
predeterm ned patterns (not shown), and the like. The objective lens is
dri veadpysamémb-eadseactadtior {retkigibwwnror FHaradt itealcamic@uphe applies a
| aser to a target track on an optical disk 3 being rotated by a spindle
ot oro Rfseico fletleet sracRihg herraef |siogredl Ivitginh Eheledecddacedysitdtal i ncl udes
a reading signal which is obtained during reading on the basis of the
amouns £ pfet heeteft ot atedmsera |daitt ddpmitnendindgnarfdmddiiassing 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 the

first and second offset adjustment means, the gain adjustment

means, 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 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



i nformation by wobbling grooves. An error signal generation unit 4
generates a focus error (FE) signal by the astigmatism nethod fromthe

si gnal supplied fromthe optical pickup 1, generates a tracking error (TE)
signal by the push-pull nethod, and outputs these servo error signals SEl
to an offset adjustnent unit 5. In orlder to cancel an offset included in
-the servo error signal SEl1 supplied fromthe error signal generation unit
4, the offset adjustnment unit 5 reads out an of fset adjustnent val ue which
has previously been obtained by an offset detection unit 6 and stored in a
*storage nmeans 7, and perforns offset adjustnent on the servo error signal
SEl. Aigaitn sadjragememeaunithed cpanabdnnegabnoaiPuse nentoBBaRAatof he
anplitude of the servo error signal SE2 fromthe offset adjustnment unit 5
beconesirednst aftf ahe, lhsercaiitput tot pbesleRersepverefvoFClipfalreESES to a
control unit 9. The control unit 9 determnes the characteristics of a
Servo drenp.a f3keh tae phaee catrpetnsasi tnrokdt héfseseoordr bp B §hafaSE3
received fromthe gain adjustnent unit 8, and outputs the servo error

si gnaladSieh thent dialvers 10, bEheedr inethe0 skesva dystemcivheni sefonrdf beudt ng
and tracking actuators. On receipt of the servo error signal SE4 fromthe
25 CORIH Ofm:Unirt éyert B tdnieser th@npenf daserf powsrsgaaadeniatrRingreBnEkel so
that the objective lens in the optical pickup 1 is brought into an optinmum
st at e Jditd1e9pR%ud ardhemeptineal by skithndhdén apkaseiopohesegwpnchhag unit
12 receives a |l aser power

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 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.

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



swi tching command froma CPU 11 as a conmand neans, it switches the power
of 'the laser emtted fromthe optical pickup 1 to a |aser power nost
suitable for - reading, erasing, or witing of the optical disk 3. Figure 2
is a flowhart for explaining the offset adjustnent by the optical disk
drive of the first enbodi ment which 18 constructed as descri bed above.
-lnitially, the drive is started or the disk is |oaded (step S101) to turn
on the spindle nmotor 2 and the | aser of the optical pickup 1, whereby the
drive goes into the spin-up operation (step S102) . During the spin-up
“operation, the offset adjustnment unit 5 subjects the servo error signal SE1
gener@petcdy dhek edrire sigfiaiedeimerGldion Lnithet fig 7 fle@e Ta @S Tmédt f or
canceling an offset of the signal SE1 froma reference voltage, and the
gai n agiast pemér uant ta Sreatiertsetdle sord/ dler ragcayidyrial 1SED f2$A% he of f set
adjustnment unit 5 to gain adjustnent for making the anplitude of the signal
SE2 cpostastar&urdher  phest slest tdeseiraytientlis. adj ustnents, di sk
discrimnation by a disk discrimnation neans (not shown) or the like is
carri ed outaq sleerrSHR3) abovet, hehper epentailndéski omivanactbsdingdtast nent
value (Or), a gain 26 adjustnment value (G), and a reading | aser power
(Pr) Enatfelresdbngsss ate obtidwel quidlosd Thiskerartet ol & resdny ttchean
abovedescri bed automatic adjustnments (step S104), and thereafter, these
val uesp@i8ast Qi 6H 48 &heestodnge medhan,/ asd fsigiabdjustamyinya ues (step
S105). After the above-nentioned spin-up operation, the optical disk drive

accor Qb@ge&eeah@imgh@ssﬁémi ANENsHOICST adiski he seadh ngroperstgrol (st ep
S107). However, en a witing command is supplied froman operation nmeans

such ggnarkeMBhemeans’ oblegeh 8Pt SHOVA)sépvd herkdt) dilgial séepm S106, the
readi ng operation shifts to the witing operation. At this tine, the
opti cah dksKgdhhMer L IRRILGt 8L¥vEt a4 Beth NEraw i thagroprsetédnl (gitep £5109)

en the optical disk 3 i5 judged as a CD-R disk by the disk discrimnation
Operabfggeeegéeégggoﬁuﬁéﬂﬁstf@rS@éﬂeéﬁiQ@eéﬁté@ﬂséﬁtﬁﬁﬁéﬂlﬁﬁcuf@wﬁver, when
the optical disk 3 is judged as a CDRWdisk, the CPU 11 performs the
fol | ophao aRGEaLEQR:T B:8heR HdOcoFlesbeabiadlor the fRk rendam from the

[

st orage neans 7, e rst offset adjustment value O r, gain adjustnent G,

't hETSadi N SFRbe rhan, B e e 20 R uat nont val uee, the
T o e R e e A
w11 BB wedn B Rt R PR ARG LSS B B BepRe g

| aser Bour B T8 SR RS SBEI ol B BHEETT At hadt naoof he Cb R di sk
the WG BEUBS PRe SABA: 0P othe rafPERCad TTant Shanges die To the
7 eoul B2 NG Bt A BB BR4CPoa Ryt RB [T Rt s Seabt PV P EnEnt T e

1 gur £osRi i heCEPREE, 6 CPOnAPoBf Ehe FEaarRe pbugr e  Saknr s ool hol d
evel = ACUIATA RbF CRY Gt R, o0, SR P RSB EaThp Y Sy iar o

| evel . , as in

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,



di sk, according to the nodul ation of the | aser power fromthe optica

pickup 1 (figure 4(a)), the detection signal fromthe optical pickup 1 also
changes as shown in figure 4(b). However, during the witing operation of
the CD-RWdisk, in contrast with the case of the CD-R disk, the | asers of
the erasing power and the witing povier are emitted fromthe optical pickup
-1. Therefore, as shown in figure 4(c), at witing of the CD-RWdi sk, the
detection signal of the erasing power is sanpled and held to performservo
control at the erasing level and, therefore, it is necessary to have a
“second gai n adjustnent value and a second offset adjustnent value for

writi mgsasctiéveigm ehdse floivirgdiagns ASodesecebetnabohe, seTvReeBEIVO
control is performed at the erasing power |level during witing of the CD-RW
di sk, sthaadff aetl ou2guadjiugt sedtrivahges dgoat hEogaconbop Lsimentheal ue, which
are obtained when the erasing power of the laser is set, are used as the
secondpafitagt padkupt nehereahue andsgagaindpdstsenenvavabuatand sk fwistng in
the optical disk drive according to the present invention. The second

of f seb radjetts bagns tyahtte vandegabnbadgast imnthe abeeve asy beenbiné neidomesd
follows on the basis of the first offset adjustnent value Or, gain

adj ustierhevakuveaGe, me@adsy eadengthastaspovpow®r anitisd feaditiyge Assumi ng
that the erasing power and witing power of the |aser are Pe and Pw,

r espechitvely, piaenpt he wrifireg pawer Pwwes; dentidede dbpeiesnsdhgk pdmeve Pe is
decided as Pe = F X pw (f: constant). Wen the erasing power Pe is decided,
the CRY Lhaebliies zadSegORbagaknsadpyat genh ¥abustienat vai sk w6 ibe nget
according to fornmula (1) as follows (step S110). Ge = G X (Pr/Pe) ... (1)
wher eijn, t@e s@aivd adistshnM@Rknval yecahdr eade Agp&wer gak Neddi tisd NEndm vigthele at
witing Pr: reading power |evel Pe: erasing power |evel After the CPU 11
obt ai p%tilke 1S@eemhpIaisn cadihyusbAERY Hak UBmEeiBYobBeatibh hoRt tige Op£E RS i ON,
the CPU 11 sets the second gain adjustment value Ge in the gain adjustnent
unit 8¢ qeledtis <N RfihsaljWRithBneceHI st thBi SetbAB §Rihh8d$EEMReSY St em by
the offset detection unit 6, and obtains a second offset adjustnent val ue

O e (stareSkiklletTReN thnhga6RV43ustRERS ©hBENnADt ahBed secdfd0bfsgét
adj ust rent value O e, gain adjusfnment value Ge, and erasing power |evel Pe

i n the S8 (MRANS! fa% SeneRdiad HAl BBREe¥alHesh(sEeRr$1ir) endtien
starting the witing operation actually, the CPU 11 reads the second

adj ustJmn, %%&%gq ;irsorabtt!aqn%h?raae PREns zlheaBchBHEip!Hééeﬁ bEREF, PQNeh

switching co or switching the power |evel fromthe readi ng power

| evel %BUE%H%E% & éqga&@M@&f%@%eEdgﬁakg?%gevgﬁggraPQ“@Eo?@ﬁtfﬂiQHeCirCUit

12 ang; st multaneously, sets the sec set adjustnent value O e and the

i i ust i t adiyust Uk Ly 5 h
second g8 PSR 9hin Ghol B,the 95Laet parLusiyoal Bkl S andyi he

gain a uni't respective step S1 e driver 10 perforns

focugﬁ@%éﬂ&’fiﬁﬁ*&%&E&OQ&ﬁghgfgﬂetQ%tﬂ%ﬁi%?%ﬁ%%ﬁ?ﬁg é???s%b?eﬁfﬁ%son the

servo error signal whi'ch T's inputte _ et adj ustnent unit
2 :rﬁcé%gge%rs}[q{ gflou(ggfpg&%gﬁlgsm@h&% ¢0BR" hetRhts?. o830 S43nLEnLRE
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.



As descri bed above, in the optical disk drive according to the first

enbodi nent of the present invention, when the optical disk drive shifts
fromthe reading state of the CD-RWdisk 3 to the writing operation, the
CPU 11 controls the | aser power smntchlng circuit 12 so as to change the

| aser power fromthe optical pickup 15and, si nmul t aneousl y, reads the second
-of fset adjustnent value Oe and the second gai n adjustnent value Ge from
the storage neans 7, and sets these values in the offset adjustnent unit 5
and the gain adjustnment unit 8, respectively. 30 Therefore, malfunctions
“of the servo systemdue to a response delay in the gain adjustnment after
the | aser pewerdihgndge §ﬁélﬁv§|eédthﬁhEF§59n5révvﬂpgéoan 6BtFE§I di sk drive
wi th stable operation. (Enbodiment 2) Hereinafter, an enbodi nent of the

pr eseoptioekniion, dukvedetinkd i e liaim ki hes gt dregee Iomedens 2
invention, will be described. Figure 5 is a block diagramillustrating the
const tasef opowér adt ot i eadinty ske el v eangd ddraligrFans d agatomPWaHdd fent of
the present invention. In figure 5 the sanme reference nunerals as those
shownlagef i gower latesh gﬂm@lmmel%‘emb or Tere espondt oy eaanslendhaher ef or e,
descriptions thereof will be omtted. Figure 6 is a flowhart for

expl athengpbi skt dask udt eat sy thef mgm i Wed atb tsikcalr iddes kacamrddingg at@ tehe
present invention. Hereinafter, the operation of the optical disk drive
accor donght owt heise copelr @nbhomli rgie srvheprasaigialentiset wil | be
described with reference to figures 5 and 6. Initially, the drive is

st art edjostihéet das& tise | gattedad vispnSR0Idart dod warmwired hatspi ndl e notor 2
and the | aser of the optical pickup 1, whereby the drive goes into the

Spi n- gpmapesAtbasl Sk Eph S20R) swDch iy tde e rowpwipef=dn drije tdpe igfdlset
adjustnment unit 5 subjects the servo error signal SE1 generated by the
errorpstRng} @rseepyi nalounttiono of figed sstiwustsgeited aueancel i ng an of f set
31 froma reference voltage, and the gain adjustnment unit 8 subjects the
servorgkpehssi geahySER thenyihe adfsetmad) usttentthmilasert paam adj ust nent
for making the anplitude of the servo error signal SE2 constant. Further,
besi desahfesgraut osaleq, agde st Bid Sin dirs kol Se4 1 rd el | i by vai tdi sk

di scrimnation means (not shown) or the like is carried out (step S203). In
the psesgnt bp¥esatien. an offset adjustment value (Ofr), a gain adjustment
value (&), and a reading | aser power (Pr) in the reading state of the

optical di sicadRighy aided v the RRovegessned ndieherehi, c aadppstiaant s (step
S204), and thereafter, these values are stored in the storage neans 7 as

first gadjugiapat csﬁby§§eésaiepo§epéa11 i Eelp ther abipver Ieqtd onegk S pid-dip
operation, the optical disk drive according to the present invention starts

t he r%ﬁghEQlOH%ﬁt h8Na( §éé@r§%@<})memveéndv@f@hﬂ%féw@m@nd i's

supplied froman operation neanS such as a renote controller (not shown) to

the C%Qfléctedswgh&@@omt PRer 6361091 0PLER] | ONsSPId tSr£Or theyvdi ti ng
operation. At this tine, the op ical disk drive i medi ately starts the

“”'t'Bgn%EQEQEhoﬂeéﬁEe@o§283ﬁefgﬁﬂnéh§ obtiSabrAbsks Byns1 jselaed as a CD-R
di sk by the disk discrimnation operation performed during the spin-up

Opera%b@ﬂsép eQn§29§%ckkﬁﬁe¥gEvomgﬁgtéﬂefP&ﬁ'@@é Aiekededs 1 d a5 a CDRW

di sk, the 11 pertorns”the follow ng operation in step Si11 First of
all, 5?%f§%udé%e8HEB tﬁeﬁnga§85 &EEeE@fH&nQnthEQQt|@§f€hﬂﬂﬂ@ﬁr§VﬂﬂCh'ng
circuit turn o e | aser outp

the servo error signal due to defocusing or detracking of an
objective lens in the optical plcfup, and obtaining an offset

n
adjustment value for cancellngﬁéhe 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



32 fromthe optical pickup 1 (step S210). Then, the CPU 11 reads, fromthe
storage neans 7, the first offset adjustnent value Or, gain adjustnent
value G, and reading | aser power Pr which were captured when the optical
disk 3 was in the reading state, and obtains a gain adjustnent value and an
of f set adjustnent value to be set in tfe witing operation of the optical
-disk 3, on the basis of these first adjustnent values (step S211). Since,
as in the first enbodi nent, servo control is perforned at the erasing power
| evel of the laser during witing of the CD-RWdisk, the offset adjustnent
*val ue and t he %gin adj ust rent val ue which are obtaj ned when t?e erasi ng
pover dairsetf &€ SEFVeyEFSAETEhe ORFEEt PRUPHSENRRENVRPUBCERE tRE gain
adjustnent value at witing. In _the present invention, considerin

var i atdhemgiing dher peveri i dheofl 256t @&Iltéieék§rPF‘oﬁfPﬁaR8FlF61nﬁk%g‘}pf n
order to performoptinumwiting operations for CD-RWdisks having

di f f ereemtomutsardacteainiss thog's ouspEGRd ndo am PR IERE PADB§EMSAGt CPBE3ANEhaR 2)
writing powers are previously set, and second to mth_adjustnment val ues

cor r espaindiay usctend  Cespend, vengr iat ilagegomersrasyisphangedompranethfs second
enbodi ment, for exanple, m= 5. Second to fifth gain adjustnent values Ge2,
Ge3, Gk ifike@eRdge talendi mednsc cdhei wg ino afigustingat( meang, (8Ndasheol | ows,
respectively (step S211). G2 = G X (Pr/Pe2) ... (2) Ge3 = G X (pr/Pel)

(3) Bl dedbowed ¥wiRdhRed) means4) res@estivelx; ( Br ske3prge. mea8p Aprer
obtaining the second to fifth gain adjustnent values Ge2"~GeS, the CPU 11
sets theldingtart @ fidfeth aghiius tagjnis tragnte v al ged nGeiussBeniicvedseverpdin t he
gain adjustment unit 8. At this tine, the offset detection unit 6 detects
an of fsetasat yowii Clvidetursrd nad e satvdnsydteewmt faed ebifjaistmesscnrdnte
fifth offset adjustnent values O e2"~Oe5 (step S211). These second to
fifth fd spiiradidinisminty aldies , O tHee aze rwploweas stii¢ chéagnaerosti f t h
gai n adjustment val ues Ge2”-Ge5 and the second to fifth | aser powers
Pe2"~Rebspd e Stdned af seendr iy hiddns ddjirustereitvinal uée isersecemdoro fifth
areas provided in the storage neans 7, respectively (step S212). Wen

act ual § yg:sd B tdrg Jh Wt NG QRERAI ORI gnalorfder dontjperiflaman whiet i ng wi t h
an optimum | aser power for the optical disk 3, the CPU 11 reads, for

exanpl (S/}@tié'tﬁ'l ti diehdj st et avad ivest fgaam tahis ushtinteth tared uen anlde astfarage
means where the adjustnent val ues corresponding to the opti num | aser
pover QffssSt od@flisEihtoWuis o eumeand ifiortldeaion g yistenl aser spowed from
the first |aser power Pr to the third | aser power Pe3 to the | aser power

SWi t chi 00, CF{ L4k tsddr A, arfd NP A RQQUS | h 13RS tid1dehimedinef, T s@fenadhest ment
value O e3 and the thitd gain adjustnment value Ge3 in the offset adjustnent
uni t 5; andy th&yGR1 dinAdi USRI 1Y togh i JRSRAGMWElNs EStRprs$213)kserThe driver
10 per%orns focusi ng and tracking control for the optical pickup 1 on the

basi s 9f,Lhe anB41SETHO: FEL 0 519N 1 vREA svhirfeh ARt d infaldt 1B rlarqualE tiefre

of fset” adj ustment unit 5, the gain adjustment unit 8, and the control unit
9, andiglafisst Nga W 1 AN RS @ty oM SIRP o Bt 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



As described above, in the optical disk drive according to the second
enbodi ment of the present invention, when the optical disk drive shifts
fromthe reading state of the CO-RWdisk 3 to the witing operation at an
arbitrary n-th (n =2, ..., m laser 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 offset adjustnent
value Ofen and the n-th gain adjustnment value Gen fromthe storage neans 7,
and sets these values in the offset adjustnment unit 5 and the gain

-adj ustment unit 8, respectively. Therefore, nalfunctions of the servo

syst emedvac Goamrédpeases adiagtimgnth¥adief adpusehehl BReef2iMPe | aser power
change are avoi ded, thereby providing an optical disk drive with stable
opera@@dmstﬁ@mﬁh®ﬁﬁn§bn@@dtﬁgegaiﬁe§épdstﬁeﬁrthapﬁ§§e€92d3@§ﬁm%%Fresponding
to the second to mth (m integer not |ess than 2% | aser powers Pe are

obt ai med uslsi Ifert ltencadéngpowdsetsoihelieogptitcah pRekaprYO| 8YSLERedr ®f f,
there is no fear of destruction of data on the optical disk 3 even when the
seconoktaimead laaskerthgowecsndr écemashngapenepswetEnbodineadiB@trenei nafter
an enbodi ment of the present invention which is defined in Clains 7 to 9 of
t he preders,i rrentifdsen lakdjbe tdesatr veddesFager et@red anbbeckndi agranth
illustrating the 35 construction of an optical disk drive according to a
t hi r d syhedjereitteasf priveipiedsdnt thevenbirage meahsguresBectheedmnmeanedf erence
nuneral s as those shown in figure 5 denote the sane or correspondi ng parts,
and deRnriig itdnrs aderedofopesiralt iba, owhehedheAdaspti palvedi $k dwitehadcor di ng
to the third enbodi nent perforns gain adjustnment and of fset adjustnment on a
trackimgrergty f(itE)t Siagral poeleat itvg ahonathr deki ngtegevonsysieas anang2t he
servo error signals. In the optical disk drive of the present invention,
when tdirl neadilng gefietalanom) ofl alshe ppietalhmdngk tBesbetbadt bot hetinr Lasag
operation, two adjustnent values selected fromthe plural offset adjustnent
val uepaiared tHe the timge Mears 14sare poeeri And thesswottreéhgadfusheent
unit 13 and a second offset adjustnent unit 14, respectively, and offset

adj ustiait Qfaith tIAIGtR@ R kAN U andl oFELegcRaraketlchy tAeuerter tsegnal
generation unit 4 is carried out in tw stages. Figure 8 is a flowhart for
expl aigy nghf fsefuAddrtt RRNtuebWndhe rapleitcaldjdissledti valat bhe paesecsad
invention. Figure 9 is a diagramillustrating the push-pull nethod as the
TE si ghal deheatdrbymthod, rradeh £daur e hkd derw dra@ramiighlausbifdsieg t he

of fset adjustnent val ué cal cul ation nethod by the optical disk drive of the
Pr eseniq el 10knd il RAfielad i8Rl Jan0ReOtalheapbueal disk drive
according to the third erbodi mrent of the invention will be described with
ref er engg, 11 {d 185 Wit tHE dwlittdndhlgy o ff RBedtutuis rebar tad eptibgldi sk
is |oaded (step 6 S301) to turn onthe spindle notor 2 and the | aser of

the 0%1&%@%&&%&%@ pher Rt e i V810eRT VN9 st apkentdpaoperation
(step "S302)" . During the spin-up operation, the first offset adjustment

uni t %%}%%t&fﬁ,fﬂaﬁ@ N 161 TR it TEL genekat gd Ry pblierer ror

signal generation unit 4 to offset "adjustnment for canceling an offset of

the sighaledBl-d TAB AT SlaNfg 1 Lagen pAihe Galh dhystpeRy unit 8

subj ect's ife tracking error signal” TE2 fromthe first offset adjustnent
const AT A e e g e T e e P8, PR nat o
by a digk disGid D MRS il SIPMNor¥a ity Wiilel $n621556¢ @kbm

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



(step S303). In the present invention, an offset adjustnment value (Or), a
gain adjustnent value (G), and a reading |aser power (Pr) in the reading
state of the optical disk are obtained by the above-described automatic

adj ustnments (step S304), and thereafter, these values are stored as first
adjustnent values in a first storagel& ea provided in the storage neans 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 el enent nmay
“cause a difference in light anmounts between |eft and right portions of the
PD wi 1hseespestrt atthertcadioky nipkY ecdndrthanskeadred did frer@ncen:i n | ght
anounts may cause an optical offset in the tracking error signal TEL. 37
Howeventegerdestribes thave?) i lndde miiared adg ustsentpaweing it eaping up
operation, a first offset adjustnent value Or is added to the tracking
errorisivrgnal TEhebyrbvhe, fwheh ohéseptadalusibektduoive 4B3ifwhefixhy the
optical offset and an offset caused by the electric circuit are cancel ed,
and thpticatkingkereadiny gaedtd Ho i shadjxist iy tapdiet i@ eremeesamwia age.
After the spin-up operation, the optical disk drive of the present

i nventieprskaghalt befseadidguoprsst | omd (Shiepg&3073d7) ihowearetr ,carhédre a writing
command i s supplied froman operation neans such as a renote controller

(not shewnidt Buthgiflb ddebiis 3¢ epi 3306he t figi t @arh @ o Dpeia@tdwpsthifiam t o t he
witing operation. At this time, the optical disk drive imedi ately starts

t he Wehbl BthESiab!L@HuﬁStﬁ]@e@@l@?)mﬂ\bﬂﬂnéﬁﬂo@@téﬁa&hﬁl Serdo | Sydutgethas a
R di sk by the disk di scrimnation operation perforned during the spin-up

oper aftboa £§5ﬁ8n§30§é1ayb%veﬁe MeR Ldeuophégal aft SK Shé SLidulgesbvasr a
CD- RW di sk e CPU 11 perfornms the followi ng operation in step S310. First

of aléhahge &Ry 1doo4taut §e§ui@§§c§ FFRagopprndat ogtbie dases womer switching
circuit 12 to turn off the laser output fromthe optical pickup 1 (step

S310) hiset-bfBonSi NCe no light is incident on the PDs, the tracking
error SE?%%% bﬁrﬁl |sogt the Vref |evel as shown in figure 10 However, when

there is a(r)]?(g) OJJ <etasf 1 he ttr}‘féclgr'&&rtr A vaindahn, TEL dyeitala

devi ati on e op ical axis of the PD, the offset adjustnent unit 13 adds

the OP§§§td§gbgsEgﬁ Elgégugncéﬁtieaihﬁlék kKiDE enBBrehg0f SdgnaltJER in

the orfset a ]UStITEt at spin-up, whereby Voffread is generated. Since, as

orast 3B po%%rﬁgﬁksﬁg"ﬁigér@s HIEThEdL B anGORLER I DrPELe IR L L0e
adlust”%ﬂtc%%dU%lgﬂ@ %Qsmgépg gﬁpﬁégfeaisﬁa'get¥$&ffb ré&£%4f% ymen

setting the erasi the offset adjustnent” val ue and

the ga'ne%%kﬁ%h”ﬁ@gngakgg BEnlELLANG: o PriDR, RECOERL, YEINLT oty £ons] deri ng

var i af"ons S ochar acter st Pes o _ from to rraker in
i 1 cFeRETERg serdD PPR: ok BRASPEER, 1RORH! P BB ATy 2
cor r cRNA! K55 GoLRE“repan 1o Ethri PPRsTosneretard Bl arhaa TR Thee Th r o
Go3, AR e SOa R BBE R RO A Ehr AECE VT oF R ab™( %308 T2 Tl | ove,
respectl \{(elpy (rs de 1§ 11 "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



G2 =G X( Pr/Pe2) ... (2) G3 =GX (Pr/Pe3) ... (3) G4 =GX
(Pr/Ped4) ... (4) G5 = GX (Pr/Pe5) ... (5) After obtaining the second to
fifth gain adjustnent values Ge2"-GeS, the CPU 11 sets the first to fifth
gai n adjustnent val ues Ge2"~Ge5 successively in the gain adjustnent unit 8.
At 39 this tine, assuming that theldecond to fifth gain adjustnent val ues
-have the relationship, Ge2 < Ge3 < G4 < G5, there occurs an increase in
the of fset which provides the relationship, O0e2 < O0e3 < O0e4 < Oeb, with
reference to the Voffread as the gain adjustnent value increases, as shown
-in figure 10. The Voffread is an offset which is caused by that the first
of f sethadplisgnthe paver ofrtheoheseie enitiedffswr e ukthieeal Mickus i s
added to the tracking error signal to nake the tracking error signal during
t he readbngangenaénonfoe datedtohng hen \o &f setWiedD usignaznt f ¢ @RI riegar ded
as a reference level during the reading operation, the O e2*-Oe5 shown in
figurgal@ adgusthsetscehinghdarandaaskasey pdweyaswi tdiabge ¢owmndea eadi ng
operation to the witing operation. The offset detection unit 6 detects the
of f setheOF@28t Chr8 genendt efifsattadjustmdmnguesmyo Slystemin and) whtregnts
second to fifth of fset adjustment values O e2”-Oe5 which cancel the

of f semeafke2antf ebe LespecpowetysystepindiganThesessecbitdety; fafth of f set
adj ust mrent values Oe2"-Ofe5 as well as the second to fifth gain adjustnent
val uestoedgeCrbanpdrbhehseaond twofoffhet aséfuponets ReRledebn agaeirst ored as
second to fifth adjustnment values in second to fifth storage areas provided
in thadstieragatnealte/, ah@speths¥el yowst ppwiSBAR) ardutd rige t et aixt udle
operation, the optical disk drive of the present invention sets the first
gai n &djryst ARAt s¥abye &ffasf hhgubtment ohbses, athessaemt adpbstenddt in the
gain adjustnment unit 8 40 and the first offset adjustnent unit 13,
respeglkiyel Yanandhtheagpti pakepi sSKUPcRiggi heahfe fésséct bsely poed £r,

t hereby perform ng the readi ng operati on. However, when starting the

writi BgiQRegaheaAs EBrOEQQélenQetﬁ@rﬂlM&kih@geﬂtéb aNg0l ) nand | aser power
for the optical disk 3, the CPU 11 reads, for exanple, the third adjustnent

val ue hiemcihegt Bl 19188 sMghhe §69ré8§tﬁ8§D§n5 R g§ﬂ1@§13pﬁCE@@ﬁand for
switching the Naser power fromthe first |aser power to the third | aser

pover JRe3ctig the LasgktPawelssmbhehhng §higULdIdenShLbt apeoUst dckihe CPU
11 sets the third gain adjustnent value Ge3 in the gain adjustnent unit 8,

sets Lhevhl bek %EE%@Edthﬁshﬁﬁek ¥abUeoEhE 1 h 1§etﬁtﬁé& &hf setred] ust ment
unit 13, and sets the third offset adjustnmeni value Oe3 in the second

Offse%t%@bu%hg?@taU@hEs%4lS§E?pp§§é§)1sTB§td£hV€ﬁe19a9@ff§6ﬁ§rtraCk'ng
control of the optical pickup 1 on the basis of the tracking error signal

TES W@Mﬁﬁchanﬁnagahgd Lhrovgh thesti pstsoff sefuadhast meaiusragsid3, the

gain adjustnment unit 8, the second offset adjustnment unit 14,7 and the

contraly3ichedr 3a9ust aLhd §A8eW bLiB9 QRSEALLLY LSt 8Py SBH4) 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
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



As descri bed above, in the optical disk drive according to the third

enbodi ment of the present invention, when the optical disk drive shifts
fromthe reading state of the CO-RWdisk 3 to the witing operation with an
arbitrary n-th (n =2, ..., m laser power Pen, the | aser power sw tching
circuit 12 changes the | aser power o20the optical pickup 1 and,

-si mul t aneously, the 41 first offset adjustnent value G is set in the
first offset adjustnent unit 13 while the n-th of fset adjustment value Oen
is set in the second offset adjustnment unit 14. Therefore, appropriate

~of fset adjustnent can be perfornmed even when an optical offset occurs in

t he torptkial mrglr dxmabthiaad by davitdmedd coforeretden baisegxrd &het he PD,
or the like. Accordingly, even when the |aser power of the optical pickup 1
i s switcheddirormdhestmiangt yedadi,n@nsbwdre RPreaond e m—th Wweilti ng power Pen
and thereby the gain of the servo system changes significantly, the offset
can bediesivedred Wi tves elieaalsidt tin thvergsiy @dowvisdineg tameapisi, c @ndditdkndr i ve
with stable operation. APPLI CABILITY IN I NDUSTRY According to the present

i nverséeommd i o am- tdptad Il e twd diusgimarda diaig esp Faratcas ogiliicly oftfisedlsl y wri t es,
erases, or reads a signal on a recording nedium when a first |aser power

i s sthaed eddlre in sBeorektws erygimmeranes ded nadie agec dig Isesendpaaem-i s
calculated by arithnetic operation fromthe stored first |aser power, and

t he fih sladensegovweer dasirsveddialemhert: tved usaGomhd asels efoweljusthenef or e,
even when the gain of the servo system changes significantly, an offset can
be cargrphed avd hsttetddhin idecdral i ni-ain st feakiddatsy pabovilkiedsenvaheyst em
t hereby providing an optical disk drive with stable reading, erasing, and

r eadi $igo OPPs ald NS, redpedHAINT,l.and) epiricr) theslotiiale opematisnng: an
optical pickup for emtting a |laser to an optical disk as a recording

medi wihe@nths i Ded r WS Si NGwa tafddectreth [Hhghtf ifrsamlidse ropbiweal tdi ak; a
servo error signal generation neans for generating a servo error signal of
a focustngl @l tgedd NEnSef Whes YsdeINd - nefdeactrthdrisghttheatiekkset
detection neans for detecting an offset which occurs in the servo error

Si gnadr flser tg yled ofdist neh1afe dald adld M9-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. Therefore, an optical 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



of an objective lens in the optical pickup, and obtaining an offset
adj ustnent val ue for canceling the offset; an offset adjustnment neans for
addi ng the offset adjustnment value to the servo systemto cancel the offset
of the servo systemwhich is detected by the offset detection neans; a gain
adj ust ment neans for adjusting the g&iln of the servo systen 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 adjustment command, and a | aser power switching command to
~the offset adjustnent neans, the gain adjustnent neans, and the |aser power
adj usiasatr peaess argpkzsé¢vepgwens siridie emaind @tdidd di ng an of f set
adj ustment value, a 43 gain adjustnent value, and a | aser power, which
are to be Fetcdmlithe tof Hetirad) wdt ket presest tthyepiinnadiosthent neans,
and the | aser power adjustnent means, respectively; and a driving nmeans for
recei ypfichbedsekvareve ode Simgedl in ahlaim 7, 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. Therefore, for

example, when the laser power is changed from the first laser

power to the n-th laser power among the second to m-th laser

powers due to 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.

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



outputting a driving signal for controlling the optical pickup; wherein a
first gain adjustnent value and a first offset adjustnent value to be set
in the servo systemare stored in the storage neans, when the |aser power
emtted fromthe optical pickup is a first |aser power; said optical disk
drive being characterized by that a €€ond gain adjustment value to be set
-in the servo system when a second | aser power is emtted fromthe optical
pi ckup is obtained by arithnetic operation on the basis of the first gain
adj ust rent val ue, the second gain adjustnment value is set in the gain
-adj ust ment neans, and a second offset adjustment value for canceling an

of f serefihechedctighti irohea s@is & stehting gbt & R shbihed the second

| aser power, gain adjustment value, and offset adjustment value are stored
i n theighalagbtatnad, bgnsampking hend | ketding ethe cifked sl @i $dad 1 £ 3he
second | aser power during the actual operation, the switching of the |aser
power sapndot henswbiching fromthe first gain adjustnent val ue and of fset

adj ust mrent value to the second gain adjustnent val ue and of fset adjustnent
val ue are cRrqumssl dHuts s milagreeoudilys tratAmgopt idedlecdiioh ddionelasfdefi ned
in daiml, wherein the 44 second gain adjustnent value is in proportion
to theef@ecpedcatight fhemratdbskfat hersetngdof azeCDpRedisheranded fir st

| aser power is used as the reference. 3. An optical disk drive as defined
in C giigndl vbeaehadtbe Eamslihasandpbokding thé adetepbiwnr sigrakeafiihg

| evel, and the second | aser power is a |laser power at an erasing |level. 4.
An opkeggb @bskrdnive conprising: an optical pickup for emtting a laser to
an optical disk as

Figure 5 is a block diagram illustrating the construction of
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.

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



a recording nmedium and signal-processing a reflected light fromthe
optical disk; a servo error signal generation nmeans for generating a servo
error signal of a focusing and tracking servo systemfromthe reflected
light; an offset detection neans for detecting an of fset which occurs in
the servo error signal due to defocu#idng or detracking of an objective |ens
-in the optical pickup, and obtaining an of fset adjustnent value for
canceling the offset; an offset adjustnent neans for adding the offset
adj ustment value to the servo systemto cancel the offset of the servo
"system which is detected by the offset detection nmeans a gain adj ustnent
meansofoe adpushthgneheopgbipabidisle $8¥V@- system a | aser power switching
means for changi ng the power of the 45 | aser enmtted fromthe opti cal
pi ckup; a comrand neans for outputting an of fset adjustment conmand, a gain
adj ust rent command, and a | aser power swi tching command to the offset
adj usBEBMOt MOPANSY EKBCYAENTAd] INYB¥NhiOMeans, and the | aser power switching
means, respectively; a storage neans for holding an of fset adj ustnent
val ue, a gdlereidjaitamntentaidisendrsd cf Ithsepreswert, iwvieslt igne wild lb®eset in
the of fset adjustnent means, the gain adjustnment neans, and the laser power
swi t cHesgrieadswitbspefergety; tanthe drawings. The embodiments
described hereinafter are merely examples, and the present
invention is not restricted to them.
(Embodiment 1)
Hereinafter, a description will be given of an embodiment of
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



a driving neans for receiving the servo error signal, and outputting a
driving signal for controlling the optical pickup; wherein a first gain

adj ust nent value and a first offset adjustnent value to be set in the servo
systemare stored in a first storage area provided in the storage neans,
when the | aser power enitted fromthe4optical pickup is a first |aser
-power; said optical disk drive being characterized by that, after the first
gai n adjustnent val ue and offset adjustnent val ue obtained by the

adj ust mrent operation are stored in the first storage area, the command
“means outputs a command for turning off the |aser output fromthe optical

pi ckuphe orefeedtasbrl ishter sthe cietrrtachrisiayd, lafqledashe Inggeingut put i s
turned off, second to mth (m integer not |ess than 2) gain adjustnent

val uesigre bevisiath iis tdieg aslarady dyrsitemnsieati nge oond hieo bmstils lods&hepowers are
emtted fromthe optical pickup are obtained by arithmetic operation based
on t hemduntstofaile adjfiistatert Madare,lighd tfhrem thed@lisécormdd edarelsgai n

adj ust rent val ues are set in the gain adjustnment neans, and then, second to
m t h i feetawidiudyrendbbialne syfamvesancel i ng of fsets that occur in the servo
system are obtained, and the second to mth |aser powers, gain adjustnent
val ues, andnoktsetr adpnalmgehevakiles anetstogederatsscanflotws netiost or age
areas provided in the storage neans, respectively, and during the actual
oper atFoN, s Wdedll the dras efs thiawert dissn swd tthehle d oo mhieh e ifgnadt shhapéiedower to
an n-th (n: integer not less than 2 and not |arger than n) |aser power
amongride Seeask ica Ingichgser, ppmirstdhe swalokingg eafrotrthg TEAseigpaer and
the switching of the first gain adjustnment val ue and offset adjustnent

val uep§ orHdgouEh-1gal N rajiisd, merd \al g tand hefdfes ele rad) Wstrenisiyakbie are
carried out sinultaneously. 5. An optical disk drive as defined in Caimd4,

wher esm tHe SECONEkd10 dR{dsw@it agiiustyent val ues are in proportion to the
reci procals of the ratios of the second to mth | aser powers when the first

| aser powernn $riéeedtas chieclehar ene8et6inANugpli €Al tHeSKe gvd Verasr def i ned
in Caim4, wherein the first |laser power is a |laser power at a reading
level g ghgh tder segpti 4@ Mmdd (HE driaoeyi gigll leseddtannunliaser, paeers are

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 offset 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



| aser powers at erasing levels. 7. An optical disk drive conprising: r 47
an optical pickup for emtting a |aser to an optical disk as a recording
medi um and signal -processing a reflected light fromthe optical disk; a
tracking error signal generation nmeans for generating a tracking error
signal of a tracking servo fromthe 2éflected 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 adjustnent
"value for canceling the offset; first and second offset adjustnent neans
for adoinigol wonbf f$ettheljdistvamntl G feromes thecusiaukiang dasikisignal to
cancel the offset of the tracking error signal which is detected by the

of f setoxietelt sontheanthe aolyp et it Ustnrenin ndmndorcadjristiury It He gain of
the tracking servo; a |aser power swtching neans for changi ng the power of
t he brought into an optimum state with respect to the optical disk 3.

When a laser power switching unit 12 receives a laser power
switching command from a CPU 11 as a command means, it switches
the power of the laser emitted from the optical pickup 1 to a
laser power most suitable for reading, erasing, or writing of the
optical disk 3.

Figure 2 is a flowchart for explaining the offset adjustment
by the optical disk drive of the first embodiment which is
constructed as described above.

Initially, the drive is started or the disk is loaded (step
S101) 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
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 (0fr), a gain



| aser emtted fromthe optical pickup; a conmand neans for outputting an
of f set adjustment command, a gain adjustnent command, and a | aser power
switching command to the first and second of fset adjustnent neans, the gain
adj ust rent nmeans, and the |aser power sw tching neans, respectively; a
storage neans for holding two offset %@justnent val ues, a gain adjustnent

~val ue, and a | aser power, which are to be set in r 48 the first and

second of fset adjustnment neans, the gain adjustnent neans, and the |aser
power switching neans, respectively; and a driving neans for receiving the
tracking error signal, and outputting a driving signal for controlling the
opt i cadipisimgrt Wedis Gihe @PFPsét r8acddoneAcean8oY&irn (Bd) usPnEhE of the
tracking servo are carried out after the focusing is turned on in the state
wher e reading stager qfondre ioptdenl diske argseptpdned bui t&ki AoNeans, and
the first offset adjustnment val ue, gain adjustnent value, and |aser power
whi ch dasersidtedhputivmadliov edesertimead sadjstsPneatd ) ar énst shegead tery st

adj ustnment values in a first storage area provided in the storage neans;

sai d dptdsealvadiusie drieve tveiaty ichahactséoirage bpansat/, agf fdrsthe first

adj ust rent val ues obtai ned by the adjustnment operation are stored in the
first stirdgerdr emludse (deprdd ObBans out puts a command for turning off the
| aser output to the | aser power switching neans and, after the |aser output
is turned oRffesetbadabovernangadneddipsn nmeptopatrakesonp blee sexptigal he servo
system when second to mth (m integer not |less than 2) | aser powers are

em tt etl fk ainitvee aaptdreHingitek iheape eslndi nedeby ian shaetisc tbperatiddéngbased
on the first gain adjustnment value, and the second to mth gain adjustnent
val uescmgmatsiein i (stidpe Jai .adjHsdawer, wiens,a and tiren,cosmeond itso mt h

of fset adjustnent values for canceling offsets that occur in the servo

syst emasel idel aff e ,ara b et igeC arrGintso smichh alsager epower songaobn ladj adbtrent
val ues, and of fset adjustment values are stored in second to mth 49

St or agaaWreasPring aeds i1 tie sde@y a0® ayeanhs, reaspeet cperytiandshifts
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 S108). 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 adjustment 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



L

during the actual operation, when the |laser power is switched fromthe
first laser power to an n-th | aser power anong the second to mth |aser
powers, the first offset adjustnent value and the n-th offset adjustnent
value are set in the first offset adjustnent nmeans and the second offset
adj ust ment neans, respectively, sinul%7aneously with the switching of the
-laser power fromthe first |laser power to the n-th | aser power. 8. An
optical disk drive as defined in Claim?7, wherein a tracking error signal
generation nmethod enpl oyed by the tracking error signal generation neans is
-a push-pull method. 9. An optical disk drive as defined in aim7, wherein
the fdrsvel aseorgomgrtosthe | presepowervent toreadi ng | evel, and the second
to mth | aser powers are | aser powers at erasing |evels.
. AFa. A, . A9 A IRS@NAD N TAGNnEU.3NaAU. Ahk AdsAfr. RoNerAlRIARLAG ATOMALACAN. AQA. A
A{. AUL. AA. AU. AF. A. A. Ah. Ah. A{. A A r. A AA A A A AA A A ALU. AA. AA) ehwOogsuvL
optical pickup 1 at reading of the CD-R disk differs from that at

S~ytoj e [ V] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca
] ca] cakealag] cajinehcRakcoatlical pickup 1 emits the laser of the

writing power, the amount of the reflected light changes due to

the state change of the recording groove on the optical disk 3

and, as the result, the writing power detected by the light-

receptive element in the optical pickup 1 changes as shown in

figure 3(b). Therefore, as shown in figure 3(c), the detection

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 disk, 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
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10%& () - %0VB¥hkiiy that the erasing power and writing power of the

$109%& ()-3"109% ()-#109& ()-!109%& ()-910%& ()-I mMmosuvli G

109%& (L68209¥L&P€)asd 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
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offset adjustment value Ofe, gain adjustment value Ge, and
erasing power level Pe in the storage means 7 as second
adjustment values (step S112).

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.
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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.

(Embodiment 2)

Hereinafter, an embodiment of the present invention, which
is defined in Claims 4 to 6 of the present invention, will be
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
S201) 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
S202) .

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



4

BLOUR () --*****Ne***xY: 1 10%| & ()- #10%1| & ()- ' $10%4| & ()-310%| & () -
$10%| & ()- 10 U U 10 U U 10 U U*++000 0"0GBH6! 6J6bW.A 104| 104]

104| *$10%4H & ()- 1t10%} & ()- 104 104 104$109%4& ()-'' 10%4 & () -
J6MBNBh7Zz88WOA2bWLA: $10%18' () - ! CO$10% (&' () -: ! +9$10%rHMHE' () - : 9$10%r&' () - "

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 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 S5203). In 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 $204), and thereafter,
these values are stored in the storage means 7 as first
adjustment values (step S5205).

After the above-mentioned spin-up operation, the optical
disk drive according to the present invention starts the reading
operation (step S207). 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 5209) 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



10Z$109Z& () - GLF109%&Z&' ()- 10m 10m 10m): $10%m& ()-! & $10%& () -
'BBFGOGGGGGIE: / T 10 U 10 Uy910% U&' ()- y610% U&' () - & 3" 10% U&' () - 3f 110%
U& ()- $10% U& ()- ' 10% U& () - GEGHHMMVNNUj _T510% h& ()- 10Z 10Z
10Z$1092& ()--)!: $10% V& () - :$10%2&'3(2)- F1092& ()- 10

from the optical pickup 1 (step S210). Then, the CPU 11 reads,
from the storage means 7, the first offset adjustment value Ofr,
gain adjustment value Gr, and reading laser power Pr which were
captured when the optical disk 3 was in the reading state, and
obtains a gain adjustment value and an offset adjustment value to
be set in the writing operation of the optical disk 3, on the
basis of these first adjustment values (step S211).

Since, as in the first embodiment, servo control is
performed at the erasing power level of the laser during writing
of the CD-RW disk, the offset adjustment value and the gain
adjustment value which are obtained when the erasing power is set
are employed as the offset adjustment value and the gain
adjustment value at writing. 1In the present invention,
considering variations in characteristics of optical disks from
maker to maker, in order to perform 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. In 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 (Px/Pe3) . (3)
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Ged Gr X (Pr/Ped) o (4)
Ge5 = GrX (Pr/Pe5) - (5)
After obtaining the second to fifth gain adjustment values

Ge2~Geb5, 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 Ofe2~0fe5 (step S211). These second to
fifth offset adjustment values 0Ofe2~0fe5 as well as the second
to fifth gain adjustment values Ge2~Ge5 and the second to fifth
laser powers Pe2~Peb5 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
3, the CPU 11 reads, for example, the third adjustment wvalues
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
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servo error signal SE4 which are inputted through the offset
adjustment unit 5, the gain adjustment unit 8, and the control
unit 9, and starts the writing operation (step S214).

As described above, in the optical disk drive according to
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
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
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construction of an optical disk drive according to a third
embodiment of the present invention. In figure 7, the same
reference numerals as those shown in figure 5 denote the same or
corresponding parts, and descriptions thereof will be omitted.

An optical disk drive according to the third embodiment
performs gain adjustment and offset adjustment on a tracking
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.

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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10! 4: $30¥B&L ) turZ"AMYBBE gPindle motor 2 and the laser of_the optical
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 TE1l from a reference voltage, and the
gain adjustment unit 8 subjects the tracking error signal TEZ2
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 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 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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However, as described above, in the offset adjustment during the
spin-up operation, a first offset adjustment value Ofr is added
to the tracking error signal TEl by the first offset adjustment
unit 13, whereby the optical offset and an offset caused by the
electric circuit are canceled, and the tracking error signal TEl
is adjusted to the reference voltage.

After the spin-up operation, the optical disk drive of the
present invention starts the reading operation (step S307).
However, when a writing command is supplied from an operation
means such as a remote controller (not shown) to the CPU 11 in
step S306, the reading operation shifts to the writing operation.
At this time, the optical disk drive immediately starts the
writing operation (step S309) when the optical disk 3 is judged
as a CD-R disk by the disk discrimination operation performed
during the spin-up operation (step S308). However, when the
optical disk 3 is judged as a CD-RW disk, the CPU 11 performs the
following operation in step S310.

First of all, the CPU 11 outputs a laser OFF command to the
laser power switching circuit 12 to turn off the laser output
from the optical pickup 1 (step S310). At this time, since no
light is incident on the PDs, the tracking error signal TEl is at
the Vref level as shown in figure 10. However, when there is an
optical offset of the tracking error signal TEl due to a
deviation of the optical axis of the PD, the offset adjustment

unit 13 adds the offset adjustment value Ofr to the tracking
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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. In this third embodiment,
for example, m = 5.

Second to fifth gain adjustment values Ge2, Ge3, Ged4, and

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

respectively (step S311).

Ge2 = GrX (Pr/Pe2) - (2)
Ge3 = GrX (Pr/Pe3) . (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~Ge5 successively in the gain adjustment unit 8. At
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this time, assuming that the second to fifth gain adjustment
values have the relationship, Ge2 < Ge3 < Ged < Geb5, there occurs
an increase in the offset which provides the relationship, 0Ofe2 <
Ofe3 < 0Ofed < 0Ofe5, 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 0Ofe2~0fed
generated in the tracking servo system, and obtains second to
fifth offset adjustment values 0fe2~0fe5 which cancel the
offsets 0fe2~0feb, respectively (step S$311). These second to
fifth offset adjustment values 0Ofe2~0fe5 as well as the second
to fifth gain adjustment values Ge2~Ge5 and the second to fifth
laser powers Pe2~PeS 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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and the first offset adjustment unit 13, respectively, and the
optical pickup 1 emits the first laser power Pr, thereby
performing the reading operation.

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 Ofe3 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
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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first offset adjustment value Gr is set in the first offset
adjustment unit 13 while the n-th offset adjustment value Ofen is
set in the second offset adjustment unit 14. Therefore,
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
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.
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CLAIMS

1. 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
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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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, 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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of the ratio of the second laser power when the first laser power

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 1s a laser power at an erasing level.

4. BAn 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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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
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 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 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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the first and second offset adjustment means, the gain adjustment
means, 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 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;

sald 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.



