; BCDEe3en! 4nzz{4~vBh6T4f. r 1 OPTI CAL DI SK DRI VE AND METHOD FOR
CONTROLLI NG OPTI CAL DI SK DRI VE TECHNI CAL FI ELD The present invention
relates to an optical disk drive for playing or playing and recording an
optical disk, and a nethod for controlljng the optical disk drive.
BACKGROUND ART There have conventional |y been known opti cal ’ Mmmjmwmmw
playing or playing and recording optical disks such as CD

Read Only Menory), CD-R (CD Recordable), CD-RW(CD Re-Witable) andst he
i ke, and an exanple of such optical disk drive is disclosed in, for

exanpl e, Japanese Published Patent lication No. Hei.l1-12

optical disk drive is provided w th Agg%{ﬁﬁﬁbg nmotor as a not ﬂmmwummmmmm
rotationally driving an optical disk when perforning recording/ plsyh

the optical disk. Control of the rpm (revolutions per mnute) of thls
spindle notor is called "spindle servo". There are three kinds of spindle
servos as foll ows: WOBBLE servéﬁﬂﬂﬁﬁﬁzpﬁéKaDEEBELE signal which is read
froma blank optical disk by an optical pickup; EFM servo utilizing an EFM
(Eight to FourteeANNbMEWEODoﬁOR8¢QMERQkhﬂNﬁ|QRWIQAkﬁQﬂSHWQR%VEs 2 read
froman already-recorded optical disk by an optical pickup; and FG servo
utilizing an FG (Frequency CGenerator) signal detected froma Hall el enent
which is nmounted in the vicinity of the spindle notor as a neans for

det ect ITRERNIECATprRIBLD he spindl e notor. The WOBBLE servo to be executed on
a bl ank optical disk and the EFM servo to be executed on an

al r eady-r ecofiedpopsendl idvekrtaprs uebatésrteomm roptiogl tdbskpinive foror
when the spindle notor rotates the optical disk at a constant speed. On the
,6f her I@redzinder@lsying iand weadreld nir am opé1WeBBLUEsker eodora mesheEM servo
~when the rpmof the optical disk should be changed while the optical disk

i S rotatdmgorixbliting tsedptarcalomtisd Idriget.he rpmwhile the rpmis
changed. Hereinafter, a description will be given of the control operation
of the conventi onal optlcal di sk "drive when it changes the rpmof the
spindle notor, with reference to a flowhart shown in figure 6. In the

f | owchaNCKGROUND tARD | zati on step to be carried out imediately after
start-up, such as preparation for controlling the spindle notor by the FG
servo, W || Dhep& hhed. cbhveatidesabty béen , kibaborept beak hdibgke, dtirees pfioof
the optical disk is kept constant by the WOBBLE servo or EFM servo.

| ni ti alghayimd ageildyiampeney fcdrad ngGopitdrall daskespacti ag CO-ROMar get
rpmis calculated (step S60), and the cal cul ated target frequency is set
(step S&bmpa¥axiDiddResydl rally MemoaryNpdED-R {CDHBRedriiabiet) he CREBBLECSer vo
or EFM servo to the FG servo (step S62), and the FG servo is executed (step
S63). HReewaltable) and the like, and an example of such optical disk

drive is disclosed in, fér example, Japanese Published Patent
"f) Application No. Hei.11-120687.

— This optical disk drive is provided with a spindle motor as
a motor for rotationally driving an optical disk when performing
recording/playback of the optical disk. Control of the rpm
(revolutions per minute) of this spindle motor is called "spindle
servo". There are three kinds of spindle servos as follows:
WOBBLE servo utilizing a WOBBLE signal which is read from a blank
optical disk by an optical pickup; EFM servo utilizing an EFM

(Eight to Fourteen Modulation: 8/14 modulation) signal which is



3 revolution of the spindle notor is accelerated or decelerated toward the
target rpm Next, it is checked whether the spindle notor has reached the
target rpmor not, on the basis of the FG signal obtained fromthe Hal
el enent (step S64). Wien the spindle notor has reached the target rpm the
spindle servo is returned to the state BDefore step 62, that is, the state
where control is carried out by the WOBBLE servo or EFM servo (step S65) .
In this way, the rpmof the optical disk is changed. As described above, in
the conventional optical disk drive, since the FG servo is enployed when
changing the_rpmof t tical disk, the t] required untJI t he, r pm of
Che opi Aard AEBBr Snsa fagay. TEEEOPEN PR AL P AP (Pt KAtk it R
uni formal i zed. By the way,  the VEBBLE servo to be executed on a bl ank
opt i cal 2BfAske aﬁﬂrYﬁe“E$%4§é$goa¥oF%e %&%&%ﬁ%ﬁycﬁﬁQﬁF%HQQ%uﬂFQQQ%Hded
optical disk are carried out on the basis of a signal which is read from
t he opt febecEedkirgmad Bali caleperkumhighckepuntechiin theselaigiiey eof
servos are carried out, tracking servo for nmaking a | aser beamemtted from
the | en§hefSPHRALDIMEEOL RS kaMeans obPlragkesting e ipm Iaf dihe cepintb& in
the direction of the radius of the optical disk, and focusing servo for
meki ng mﬁéo¥aseTh9eﬂﬁﬂﬁbEIéﬁFYﬂetgrbév%%e¢ht¢%e0@|aeﬁ%ﬁﬁ#lQﬁtl¢ﬁlrdmak|on
axis of the optical disk, nmust be carried out. In the conventional optical
devi ce, andvihverEFM nserio statke \reeuterd an akialyesslwraenatdete dpdicsalng
servo are carried out, 4 the spindle servo is switched fromthe WBBLE
servo odisiFMeerysed ofohecd@ xekling dhrhaspisidlee moborofwhene tdhe rafindios or .
Accordingly, even while the rpmis changed, the | aser beamemtted fromthe
!GBt i calmetekupctatepwshe hepigronl el florated aronstampispesld.di 9o ithe hether
-d’rection of the radius of the optical disk, whereby the tracking position
af ter dady rche HEG rgemwd iheswidichide flimnorthes WBBIE e rfvoomrt Hdte B e
t he change. For exanple, in an optical disk where a recorded area and a
bl ank ssexvaotherstthe frumheof prheofopthiecadptdicsed sthosild bec lchagged while
vicinity of the boundary of these areas by using the conventional optical
" di sk drtihee,opthiarasl rhiys Jocicurr gt athianyge amd tirtadls g epo iolri aoatireflldimgartheaf t er
the rpmchange. As the result, the state of the optical disk at the
t racki mpmpodiitlieorthe heim iiss alestdest. data has al ready been recorded in the
tracking position or not, may be changed. In this case, the optical disk
drive may naHerehnefter,i a destrigtibe wpibdbe givew aftehe tdenspobdl e
not or has reached the target rpm and the spindle servo may becone
uncont rapdrmtiimn roels e ropriverdifdnadulopitasaln d[ierkf drivegwheabli¢ changes
recordi ng/ pl ayback operati on.

the rpm of the spindle motor, with reference to a flowchart shown

in figure 6. In the flowchart, an initialization step to be

1:) carried out immediately after start-up, such as preparation for
controlling the spindle motor by the FG servo, will be omitted.
It is assumed that, before the change, the rpm of the optical
disk is kept constant by the WOBBLE servo or EFM servo.

Initially, a target frequency of the FG signal corresponding
to a target rpm is calculated (step S60), and the calculated
target frequency is set (step S61). Next, the spindle servo mode
is switched from the WOBBLE servo or EFM servo to the FG servo

(step S62), and the FG servo is executed (step S63). Thereby,



Furthernore, since the tracking position is changed when the rpm of the
spindle notor is changed, it takes tinme to bring the optical pickup back to
the tracking position before the rpmchange, and the transition fromthe
process of changing the rpmof the optijcal disk to the process of making
the optical disk rotate at a constant fpmis not carried out snoothly,

resul ting 5indifficulties in perform ng stable recording/pl ayback
operation. The present invention is nade to solve the above-descri bed

probl ens and has for its object to provide an optical disk drive in which

no change occurs i ackin ositjons, before and after LN e rpm of
an opthgpgﬁgéQP dikéenﬁPﬁgﬂf?dTotgﬁtfﬁl?Fﬁﬁl?ﬁ%tg t?%éﬁggggiFgf#QCLCSURE
OF THE | NVENTI ON An optical disk drive accordi to, t resent _i.nvention
conpri§8§35dnﬁpﬁrtPGHQ%OFBPronEFﬁg'ngvFﬁgc ﬁcgggiﬂg?pﬁ?gkgﬁﬁ BPERASEf or
reading a signal fromthe optical_ disk, the pickup being mounied noyably
with rBepest hag rRachpfi Ehe BREEet XPBPHSRREL P f e o‘éig%‘cstl‘?é ‘%P.% ¥§m of
the nmotor: a tracking control nmeans for performng tracking servo of the
pi ckupsaaan@iaeolaaéitgegf from shgnalhnelement r £3teByS ¢4l pi W)g%ﬁa; thetrst
notor control neans for detecting the rpmof the notor fromthe signal read
by t hespiniip, maharchbasr seachedt bee rbarget t FRMoERR TR FHRTECoESt he
detected rpm a second notor control neans for controlling the rpmof the
not or Batumeedatpsthe shetephelprenstep det ectRt bis+ Hehe phiafed SR®FE and a
control neans for, when the rpmof the notor is to be kept constant, naking
the fiecentroloisceArrbedneuhsbyckiorWOBBEBNEeHYO fOF KBEFHG'Q hESEPPn of t he
nmot or constant, and making the tracking control means performthe tracking
:,ssr vo 865} he pincikbgs way, whba rpe pfntbe ecRbiaalodisk 19 @gear@adged, the
.control neans nmaking the second notor control means performa 6 control
for changi ndpg esqrmhsd tdhovent dn thed ceaivend ionalt opdiiicad daskr drifsans
turn off the tracking servo of the pickup while the rpmis being changed.
Ther ef sircei thesFposerbbeis cemployed when changing the rpm of the -

optical disk, the time required until the rpm of the spindle

motor is stabilized when it is changed can be reduced and

uniformalized.

By the way, the WOBBLE servo to be executed on a blank
optical disk and the EFM servo to be executed on an already-
recorded optical disk are carried out on the basis of a signal

: ) which is read from the optical disk by an optical pickup.

| Therefore, while these spindle servos are carried out, tracking
servo for making a laser beam emitted from the lens of the
optical pickup follow grooves formed on the optical disk in the
direction of the radius of the optical disk, and focusing servo
for making the laser beam follow the grooves in the direction of
the rotation axis of the optical disk, must be carried out.

In the conventional optical device, however, in the state

where the tracking servo and the focusing servo are carried out,



provi de an optical disk device which is able to change the rpm of the notor
wi t hout noving the tracking position of the pickup. Further, according to
the presént invention, in the above described optical disk drive, the
control neans turns off the tracking segrvo performed by the tracking
control neans, after the notor rpmcontrol is swtched fromthe control by
the first notor control neans to the control by the second notor contro
nmeans. Therefore, the tracking servo is turned off after the notor control
is changed to the control which does not need the tracking servo, thereby
provi di an .opt.ical disk driv apahbl e of, st e Lnglp b

oper at i .ﬁﬂhé) Feggeoﬁﬁiﬁgl?SBFﬁe¥5§83§H§ ?Qég% i%%%géhgéa%g¥e§§gggribed
optical disk drive further conprises_a faocusjng n I s for
perforﬁFhéin3§§Fﬁ§V§b&90CBPng etEFcﬁﬁﬂ 8% ?hg Bég?éigfmgﬁgPéignal which is
read by the pickup, and the_control neans kes .thg focusin ntrol means
per f or HGAHF %ﬂ%i?gn§vggrv ile Fh@ EPR &5 GReRIEAe Eﬂﬁ1g?s?ﬁgb§§?0r is to be
kept constant_ or when the rpmof 'the aﬁtgi i S %o be changeg. Thgrefog&, t he
focusi eapiddiesh fizoms khe) pPEacALeBicKPPWAEN1PHE FRECRFAGVERS FBTPES, 8B KBS
after changing the rpmof the notor, thereby providinghan 0 tiCﬂ| di sk
drive oRfdsad shiskedanithg da&ectaeri R§ SBevsadpreqgpfythe 9PELFaheflsk,
according to the present invention, the above described optical_ disk drive
f urt hewhemeby $de Freskispngosdiersl afEarsCharIped f BRei Ff 8EusPRg servo of
the pickup on the basis of the signal which is read by the pickup, and when
the rperdndlee masosr iss deyipsedefromofbainbefore ERat FRNFRans nakes the
focusing control neans performthe focusjng servo of the pickup, and when
the rpmof tFernexample, tin N Rl dhEK dBRLTDI12 REGAF ARt i i Her

‘t e focusing control neans should performthe focusing servo or turn, off

t he foddsinkg ageay cogprillss,t hE thm rembefnghenantieal a8tk di fgchangad in
condition of the rpmof the optical disk, and then instructs the focusing
cont r oltheearisimng tiye offothet heundardedfopbeaei arcaghy efdtRd tRejs possible
to provide an optical disk drive which can realize a reduction in the |oad
on t he caniveattdonad wpincaflodigki dchyet hehpreknpyi acehe &i ¢hanrgeninf the
rotation axis of the notor, w thout increasing the process and tine

requi r éoaicdiingu pesditioasdbedouspandnadterhthe otp®i AaaRee vo. AfuithBer ,
according to the present invention, in the above described optical disk

dri ve, relseleontthel stakesofethgcophihcaherdiskeatothei hyaekhd dPofEhASshoul d
performthe focusing servo or turn off the focusing servo, on the basis of
t he ab&hhmtésvaMhethbraddtafbaeneérbédMebﬁebhéeﬁgﬁgﬁﬂ ipcthet bragkinge
bei ng changed and the target rpm Therefore, it is possible to provide an
opt i calpodiitii odr iore natt, cmayabeaphangeat ellp SBiBoFEAss, dEBEsPBR1&a Lt 8idffet her
t he focusing servo should be turned of f or not, 8 according to the

rot at i drivieamayomakehenmeropr Eor shttingctbedspgndbe t HrYHe e%gh?ri Boenti on,

in the above .
) spindle motor has reached the target rpm, and the spindle serxrvo

may become uncontrollable, resulting in difficulties in
performing stable recording/playback operation.

Furthermore, since the tracking position is changed when the
rpm of the spindle motor is changed, it takes time to bring the
optical pickup back to the tracking position before the rpm
change, and the transition from the process of changing the rpm
of the optical disk to the process of making the optical disk

rotate at a constant rpm is not carried out smoothly, resulting



“described optical disk drive, the control neans deci des whether the
focusi ng control neans should performthe focusing servo or turn off the
focusing servo, on the basis of the tine required for changing the rpm of
the motor. Therefore, it is possible go provide an optical disk drive which
can appropriately performa decision as to whether the focusing servo
shoul d be turned off or not, according to the rotation state of the notor.
Further, according to the present invention, an optical disk drive
conprises a notor for rotationally driving an optical disk; a pickup for

di . S f ] i 1 he quxeld ey /ipa.l sk arttivearhl
rea '?%ﬁ,{ﬁ#%‘%’hw% e PR irtitlg dtsdbl & YR duireiswy /paiayl amkl opect: y

wth e opti'cal disk;” a rpmdetector for detecting the rpm of

the notorsa f | i cRE2aSmhae P8r kBLytNghé ogbevegdeseyibell t he
pi ckup on F & g%gl%s?ﬂgf i@%hglhgna? wﬁi ch is read by the pickup: a first

ot or Cgﬁ%ﬁg@gﬁ% %o EO b N d MR dd anpeli cllomtilshe driignnl T ead

bythBr I ng e rpmof the notor on the basis of the
detected r a second r Y5 1M Pefiore L raxaeaf the
not orlﬂn"’l?:ﬁ%g‘ b‘é%icgh%rfg? %écﬁ{orrﬁcgleq{ e%ae&dabq&sté]e lr pm detector: and a control
means for,, when the r of the Motof:dws t FPrakon tFKIGd he
firsthRHEo ero‘fpl?re(g arbecFEfq-'el&q)'L Uis r o%c?gar eepi ng the rnpm of tr%

S oFm-a con
not or constant,_ apd nmaki ng the focusing control neans performthe focusing
servothbe eReleRt and when the rpmof the.notor is to be changed, the

9 control nmeans making the second notor control neans performa control for

changing the rpmof the notor, and making the focusing control neans to

turn off the focusiﬁ}&servo%,fp% he pickup while the rpmis being changed.

_,,-mer ePESELOSYRE Of ;LHE pINVENTION i de an optical disk drive which can change
t

Tt f th t i t hout .moving the tracki i ckup,
Lna 1 bauoe AhETtaEa lof it AEivgaeororaingate FBE BFEsEhE"ifibehbLoll CLP,

direction of the rotation axis of t mot or .. Further. . .acgordi tp the

pr eseAPTPE,ERS | dMMOLHT ¢ FRr a%%%ﬁ’e%?kﬁre]o’éaé%lp‘f]ir&gala diorﬁtlg%lclvgigt]%e égont rol
means turns off the focusing serv erf.ornmed by .t cys| ; ol neans
af t er piabupDERF ¥%¢%%%t?o?lg%aévﬁf‘gﬁe@‘?r *%%l g’?‘n ]ér)'ol el;ﬁb( e f1rst notor
control neans to the control by the second t or_.cont, aol. ans. erefore,
i t isbpésgimwﬁ%dptﬁ%wwa‘rﬁ%ﬁ%%ﬁ’e%‘fs‘f<°d‘£;? SARNCEM OAl%F" Q‘sbﬁ%‘b

Vekdpabl € of ‘sta

recordi ng/ pl ayback operation. Further ccording to e I (yent i on,
the abevedtetrforebeFERRg dFR% TPTVRE £ ThE HIPTQ rrparitj';sge}’lsc}éaiﬁgé&rllﬁng contr ol

f f ' t Ki ; f the_pickup. ' :
ST gnaneans CROF PRERGTBYG hELRF LI, SSRYP WPEN I AN AT T <% o be

kept constant, the control neans nakes,the trackin O](c:ng)?q#]pl perform

the tihekshgnabrybieh inerprdily, LRAPHHEPT 2 & notor 1s to be

changed, the control peans, switches the notor gontr fro h ty ol by
the fmeansnEesrdetReEEnd nkhesrPY PhetRBAT? rbﬁr?lﬁeé)A,~:eecg()ln(§l én]ﬁ%)%)%oﬁ rol

means, and then makes the tracking control ans turn of f 1 Ag 10
,ervotbf—‘ phekpP ckapdafantEabt 239+ Ehe megf?ﬁ%e B2t ncg'( c%éf?% £J?T§e;ér>£ turn

off the focusing servo. Therefqgre, it is possible to oV i cal
di sk dheveetArERdcERMEh&n§BCPRE PRRPbf C?ﬂgrﬂ’;t%‘?a’iﬁ t %‘g%t&?r‘g‘c\;ru‘?ﬁfgi%ﬁ%
tracking position. Further, according to_the present.invent] | 0yt
abovettiestpmbed bhei Barogi SR HPFVE?SgﬁeOEOH}P?o?p%‘gﬁﬁ%c%k%sa%ﬁeec#%%ug ng
control neans turn off the focusing_servo en th& r pm of tlgleogo{l% isto
be ch&hgedpmadeteakes:tARAf 3cGONREOLORERBF ABANSYPRRUNMES t " 3cusing servo
before the notor reaches the target rpm Therefore, the focus{:nglservo IS
per f omoedraist be bei kepsf cengsanfienmekéngptieaf L8P EkMPERENER HR2! t ar get
rpm thereby providing an optical disk drive which c% red{flce t he %%)HF

r equi mednkoperéhamgangonksolperst keapingt eI TAPsRE EOF (ARFOT JER¥F 6t iy’ t o

the present invention, in the above i
and making the tracking control means perform the tracking servo

of the pickup, and when the rpm of the motor is to be changed,

the control means making the second motor control means perform a



descri bed optical disk drive, the control nmeans sets a point of tine when
the focusing control neans should start the focusing servo, at a point of
time when the rpmof the notor being changed is equal to a rpmwhich is
obtai ned by nmultiplying the target rprg by a predeterm ned nunber and is
posi ti oned between the rpm before being changed and the target rpm
Therefore, the focusing servo is perfornmed at the point of tine when the
optical disk reaches the target rpm whereby the tine required for changi ng
the rpmof the optical disk is reduced. Further, according to the present
invention, _i i i j dranée makie gt @hler ol neans
deci de‘éo?ﬁﬁogo‘%ﬁf &pﬁgﬁoﬁf@{%%ﬁ r}g@f ggil}g&ﬁg dél\(gﬁt r ol r?gans shoul d start
t he focusi sServo, i i oy if thize ik t he
motor FEAGRERS Crfnet Adnd Urf b HERAHY [REveod thee pikm

rpm erefore, the focusing servo is surely
perforned at_the point of. ti th ' di fearhesigihe dar get
rpm V\X’l}&%%yt?‘ﬁer&‘rfes &‘ﬁ[ﬂq e@%&haﬁ%ﬁ%éﬁﬁee'r pfmé(olfset he optical disk is
reduced. Further, according,to,the present .inventi re i r QM a
ot hodPF @Y nth P 1 it Ay i ST i GOty (8 SR, Eherph $F
rotationally drivjng an optijcal _.disk pi ckup .f.ar_r i :SJ | from
t he op%h%a‘ﬂo’a?gk‘:'lfvﬁgﬁ‘bth n V%ﬂ%rﬁ%sﬁﬁﬂfjﬁfﬁ? \Hofsﬁ'tﬁeosnpe? t’?% ?ﬁ? ogt'i cal
di sk, and a rpm detector for detecting the rpmof the notor n -
optical di sEUFEheE paLLOrAiRg gPangngrgﬁ?Qg 6?"?%%%?&%’3 té%% g%%?gol ling
the rpmof the notor on the basjis of the signal read e when t he
opt i cafleacsibed eptirA} dlith AV ctd?fstcé?ﬂtg‘rognf“eaﬁ?cf' Xler%’@t r??tflé"lr#%of t he
optical disk is to be changed, .the optical .disk driyv rol
{-gﬁrrpritéécbllégebeﬂosﬁﬂ@ﬁg?ﬁﬁt% trﬁﬁpotrrarcd?ﬁ%rﬁ%rqﬁ? g“%gglsdonat@;% gcé}seed on
“the signal read by the pickup tqQ a control based o he .rpm Qf r
whi ch hetertepmeeOBtrohel s piiktngd drrom, Q}eeﬁ%%ﬁqg'r Ynd:hger ik séé‘?nrd;!g i ng
servo: a step of changing the rpmof the notor so that the r moef r;tshe not or
det ect éanbyol Heeampsn &t e ofo RY diftfal S§@Ih Iy & T Sy of
starting the tracking servo: and a step of sw té:élag%th rmtortr m cont r ol
from tBeecefiorel baecerankine THNOILY HETRAD et % {Ive q"gm det ect or
to the control based on 12 the signal read by the pickup. .Therefore, it
i s possbbtrol oiprehargedntopihe FonkLal dhich GRS GOTAARSH TH oh i s abl e

to change the rpmof the notor w thout noving the tracgki ositli of the
pi ckuptr&okingr seneeor (hekeRY RFRVIH e AN i?R%ia‘rﬁa}e]orfgl ﬁﬁéﬁg"‘%)es Cpﬁ'po“% ed a
met hod for controlli n&;n Ofti cal_ disk drjve conprising a notor for

bR

rot at i ofabtgblei veaQr agk speAt ¥kup for reading a signal from

the optical disk, which is nounted novably with respect f;_g th§ ?fBU cal

di sk, and a Fusrhhest,e @C&OTIdNdd ECe then §TeRENp APEEERE ot 8F, 28Rt he

optical disk drive performng tracking servo of the pickup and controlling

the rpdestribednopbicah dhek hisive oFUFthek| IRTI3e] by I HTIKHWRh  he

optical disk is to be rotated at a constant r@g an%gjv\hen the rpm of tPe
RITERSM ©

ti calednskfor perferming gtacusiRg o}l € Moy

-conprises a step of switching the notor rpmcontrol froma ontrolsbased on
the sitghel signdlbyhitk b ckegdtly atkemRickiba 0P HePHHR oG HE ot or
which is detected by the rpmdetector: a step of turni ng, of f_the fOEUSi ng
servosmakes the focusing control means perform the focusing servo o

the pickup when the rpm of the motor is to be kept constant or

when the rpm of the motor is to be changed. Therefore, the

focusing servo is surely carried out when the tracking servo is

resumed.after changing the rpm of the motor, thereby providing an

optical disk drive capable of resuming the tracking servo

speedily.



step of changing the rpmof the notor so that the rpmof the notor detected
py the rpm detector becones the target rpm a step of starting the focusing
servo; and a step of switching the notor rpmcontrol fromthe control based
on the rpmof the notor detected by the rpmdetector to the control based
on the signal read by the pickup. Therefore, it is possible to provide an
optical disk drive control nethod which can change the rpm of the 13

not or wi thout noving the tracking position of the pickup, and reduce the
load on the actuator as neans for driving the pickup in the direction of

the rotati onegiste ! 48 MBI -t RIE (ISR ¥ oHE RRABNGR Fi qur e 1

Is a block diagrami ustratlng the construction of an optical disk drive

oo ndadcrapda bbEicatbadhRenkiol ;thﬂéfsgﬁﬁ%ffy 814 Ol G Sednt 2ol

fl owmchart T0Or ex a ning a nmethod of contr e optic di'sk drive

a“‘”d?@?n%"fwe F%EMHQ"%HEQ%“% SCoTeTor TG SRR O e pEgL bE @

f 1 owchar alnlng contro I cal dIS dr|ve
'l owchiPe ¢ F&Pnéx ﬁﬁ?ﬁ?ﬁ%‘gigﬁe b BLPRITFind (YA O fRIEE ol
Pl onehBPRoFor SokBl BFnFRBCas ﬁéﬂ%%ﬁ%?%%n%ﬁ??%gﬂ%%‘?%p'ﬁ%‘%a{ %“éﬁ arive
accordin fou t h_enbodi ment _.of the present invention LS a
' owchdPLusdPdeePnEF ALnBCa RePREEORT LORL FOTRTIRS S eore ant bl PEsEres)
di sk dghéewhen the rpm of the motor is to be changed, the control means
;-) decides whether the focusing control means should perform the
' focusing servo or turn off the focusing servo while the rpm is
being changed, according to the condition of the rpm of the
optical disk, and then instructs the-focusing control means to
perform the decided operation. Therefore, it is possible to
provide an optical disk drive which can realizé a reduction in
the load on the actuator as means for driving the pickup in the
direction of the rotation axis of the motor, witﬁout increasing
the process and time required for turn-off and resumption of the
.-) focusing servo.

Further, according to the present invention, in the above-
described optical disk drive, the control means decideslwhether
the focusing control means should perform the focusing servo or
turn off the focusing servo, on the basis of the absolute wvalue
of a difference between the rpm of the motor before béing changed
and the target rpm. Therefore, it is possible to provide an

optical disk drive which can appropriately perform a decision as

to whether the focusing servo should be turned off or not,



Figure 7 is a block diagramillustrating the construction of an optical

di sk drive according to the second enbodi nent of the present invention.
14 Figure 8 is a block diagramillustrating the construction of an optical
di sk drive according to the third enbodi nent of the present invention.
Figure 9 is a block diagramillustrating the construction of an opti cal

di sk drive according to the fourth enbodi nent of the present invention.
BEST MODE TO EXECUTE THE | NVENTI ON EMBODI MENT 1. In an optical disk drive
according to a first enbodi nent of the present invention, the tracking

servo hecbyangg ebf thei kethbeohPstete aosptimé ! fot®t Or is changed, thereby
preventing a change in tracking positions before and after the change of

the rpm of thgSRiNARdBdng IOWHR breseatbiaclentidgy aln khestabaivieng t he
construction of an optical di'sk drive according to a first enbodi nent of

the prﬁé@@iﬁg%efibgﬁr?‘gal'&iéicgil-iffvé; *é‘ﬁ‘e?&%ﬂ@f’él Hhé‘é‘r&’é)léé’ti&eé)rﬂ{éﬁ?@rw th a

| ens (not s ), a signal 1s read froman optical disk 10, which is

oL e Yabing, SahpELE FBLAS, ploniBipuOo bl o ol NOE 08 b0

read is ata 1s recorded on the optica

di sk 19?rx\h89fdg§é P@éugiﬁéggggﬁpqenoﬁ%d&&% dwea?&téﬁeé ki Ay the

signal 'T0 bée"re from D is arecor signal 1 ncludfng an EFM
oot sl SathlCunfl Pha el PHOSRERE, 1OTREPESEES, Lhei3' BoabuButpLst o0
provide an optical disk drive which can appropriately perform a
- decision as to whether the focusing servo should be turned off or
f\) not, according to the rotation state of the motor.
Further, according to the present invention, an optical disk
drive comprises a motor for rotationally driving an optical disk;
a pickup for reading a signal from the optical disk, the pickup
being mounted movably with respect to the optical disk; a rpm
detector for detecting the rpm of the motor; a focusing control
means for performing focusing servo of the pickup on the basis of
the signal which is read by the pickup; a first motor control
means for detecting the rpm of the motor from the signal read by
the pickup, and controlling the rpm of the motor on the basis of
the detected rpm; a second motor control means for controlling
the rpm of the motor on the basis of the rpm detected by the rpm
detector; and a control means for, when the rpm of the motor is
to be kept constant, making the first motor control means perform
a control for keeping the rpm of the motor constant, and making

the focusing control means perform the focusing servo of the

pickup; and when the rpm of the motor is to be changed, the



i , 15 fromthe optical disk 10, and outputs the data through an out put
termnal '17 to the outside. The optical pickup 13 is nounted so that it can
be noved by an actuator 14 in the direg%ion of the rotational axis of the
spindle notor 11, i.e., in the direction perpendicular to the data
recordi ng surface of the optical disk 10. Further, the optical pickup 13 is
mounted so that it can be noved by a feed notor 15 in the direction of the
radi us of the optical disk 10. The opti cal pickup 13 can be nmoved in the

direction of the radius of t tical disk 10 n the direction of the-
ot ot 1 GPRETAL dredtie Mk o °PfJ o 7301 BeaBs, REGEOER And t he
feed notor 15 with a plckup contr ol er respectivyely. A t racki ng

cont r ol $RTEE IR [HEngIRg l'temfrimb e Eﬁoit\?ér' apdspaxing, theye t he
optical pickup 13 to a read position or a wite position on the optical
di sk 10E0GHENG GRIYEIQndnaadnst kKt &y \Rﬁfoftf{ehéOSBPfteal SEr¥RUPTLIENEN the
basi s of the signal outputted fronlthe optlcal ckup 13. That is, whether
t he trai¢kp posike dheoframd soheing gh r@é\%r@tredtorlsndloﬁ%lble
checked on the basis of the signal outputted fron1the optical pickup 13,
and wherp torovide lemepidsiali shisk dxdwmeambid cht kanachanger the mrruanvé:ﬂileby
the pickup control driver 21 to nove the optical pickup 13 in the direction
of the meithsvigfhaute meptingalthe dkratkiog pPlosd tike pﬁa@hﬁngipbgpr,i end; s
corrected. This control is called "tracking servo". The focus controller 19
per f or needureudihey lo@d, @rotheha@diasitorofast Ineagsgiﬁalr dyipingether packig
opti cal | 16 pickup 13. That is, whether the focus of the optical pickup
13 i s devititeedlimeatdion ©f ek arbtart itohe A¥dsi ofothehmotpymal outputted from
_tSe optical pickup 13, and when the focus is deviated, the actuator 14 is
“dri ven by t hBuptb&up gscoaordingrtoethelpresemanventoipn caln fikkugbd®etn t he
direction of the rotation axis of the spindle notor 11 so that the focus
posi t i aescribet epttddalTllis ke axtivel, ithec@lohédolf meassngusssvoff The spindl e
notor control driver 20 for driving the spindle notor 11 is controlled by a
first Sooudiagrateavo petrfodmed 23 dahea foeansndgspontdkel mmeansceafiteal the 23.
The first spindle notor controller 22 detects the rpmof the optical disk
10, thadotiox, riphe coptrofl tilse ssyiitdileel faroor thé, conbrol hbyWEBBLEiL ssginmbtor t he
EFM si gnal obtained fromthe optical pickup 13, and controls the spindle
not or e@itrell dielansr t20 thie idoatiradi dyotthehsedehdchetorpaoabrbhameths.r pm of
the spindle notor 11 reaches a predetermined rpm In the vicinity of the
spi ndl eharte@ork], ix Hal poslsdivet tb2 preovddepasedpascalndask foivdet ecting
the rpmof the spindle notor 11. The Hall elenent 12 outputs an FG signal
in accapande Wift 3thbader eeaondiog/pfl aybackpbpdkaetiohor 11. This FG signal
corresponds to the rpmof the spindle notor 11. The second spindl e notor
control | er 2Bucthér pl scededspg ndd ethet presemt riclveltrtiimer, Athescaldrag-t he rpm
of the spindle notor 11 reaches a predetermned rpm on the basis of the
rpn1ofdhherinbﬂdbpt&nhardikk driivie ifareheai cenptisest AetE&ckiggakontirpit t ed
fromthe Hall elenment |2. Control of the rpmof the spindle notor 11 is
3||edmeans for performing tracking servo of the pickup on the basis of

the signal which is read by the pickup, and when the rpm of the
motor is td be kept constant,.the control means makes the
tracking control means perform the tracking servo of the pickup,
and when the rpm of the motor is to be changed, the control means
switches the motor control from the control by the first motor
control means to the control by the second motor control means,

and then makes the tracking control means turn off the tracking



17 "spindl e servo" and, particularly, control of the rpmof the spindle
notor 11.by the first spindle notor controller 22 on the basis of the
WOBBLE signal is called "WOBBLE servo", control of the rpmof the spindle
motor 11 by the first spindle nmotor coproller 22 on the basis of the EFM
signal is called "EFM servo", and control of the rpm of the spindle notor
11 by the second spindle notor controller 23 on the basis. of the FG signal
is called "FG servo". A controller 25 perforns control as follows, on the
basis of a signal instructing the controller 25 to change the rpmof the
spi ndl of 1 i [ | j Led X 1 ' ch as
= host SE0U8 P g the P e SR e B B e e L cal
pi ckup_13 shpuld be.b g .a d eadi .tio ! Ofjtion
Phe comErnsI ehr8sSFnoE Rt oPechfifer Shivs s CRPFRPLE: D0 o ROt S MELEER

racki ng con 1 Ing the optical

i ck 13 tq the desire ositi.on, n.th I r be
Irmot a'ltjgﬂraf’laec?)ﬂs?%ﬁ%c? l?keagﬁ‘r’ﬁ%i'%é %ép%}gﬁf%?@{ﬁﬁloﬁgﬂ%l ndl e
nmotor controller 22 to performgcontyol for keeping the rpmof the spindle
mot or PRtepN¥iLheu éﬂﬂv$ﬂ§t€%§t TRREIRY RS T Pdntrol ler 18 and the focus

controller 19 t erformtyrackin ervo and,focusing _sery t tical

pi ckup 13, r%%rﬂgi%'véﬁf.orlf{iﬂ%éﬁgg% PESSRE Y ﬂ‘ﬁﬁvgflt?‘ﬁg’sﬁl ngf.‘g %%tog’lr%_ll is
changed, the contro|ller 25 jnstructs the seco spi ndl e .notqr. controller 23
to perﬂeﬁﬁf&%ﬂ?rﬁPt¥%@lcﬁéﬂgiaﬁlYﬁe ¥$%1%?n?ﬁgpﬁﬁ? S makeS ffF ucts the
focus controller 19 to performfocusing servo of the optical 3 i ckup
13, anéOFHF%HEr?O‘PTﬁE?J‘LFE?%“?hEu’E‘Pa%ET-n oML Ig S.L%”F‘b "f%tﬁ’rh e ﬁ?‘f&
tracking servo of the optical_ pickup, whereby no tracking servo is carried
out. Nektthehmobperhsi b Be ¢hengpdi capd dPfErtRR Fou SEERE the rpm
‘mﬁll be described for the case where the rpmof the spindle notor 11 shoul d
be kepmeabasrasume e foeagipgtSeHYC KRR B TR cﬁ'f?tci'rﬁs it?"%uppl i ed
from the host conputer or the |ike through the input termnal 24 to the
cont r okthegeRsrPmhe EBREFPEPEEr bShej SRERALRY BREVP| +3tPeRioHRed it ofhe
controller 22 to keep the rpmconstant, On receipt of this instruction, the
first ppintl efnbime e Bne cPPDICHLAbT Fere3feh & @HIRF FP%he basis of
the WOBBLE. signal in the case where no data is recorded on the optical

di sk 1bhepebpePTovidingicaErapEiead &hsk rArbeiwnigh (Gan BaduGSy e i hte
case where data has already been recorded on the optical disk 10, thereby
cont r oreimiredefepi phirrabpng okhe 17RMB @f the kRpiehk 41tk of the optical disk
10 constant. At this time, the controller 25 instructs the tracking
control | er Fairhher hadeendiing teotheopresens ¢aveatiorm iPatRPNgPS¥ET0 and

focusi ng servo, respectively. On receipt of these instructions,, the
t r acki dgscobiped| opE1aBL Hiskh@riveusthg control means sets a point of

time when the focusing control means should start the focusing
servo, at a point of time when the rpm of the motor being changed
is equal to a rpm which is obtained by multiplying the target rpm
by a predetermined number and is positioned between the rpm
before being changed and the target rpm. Therefore, the focusing
servo is performed at the point of time when the optical disk
reaches the target rpm, whereby the time required for changing
the rpm of the optical disk is reduced.

Further, according to the present invention, in the above-

described optical disk drive, the control means decides the point



controller 19 performtracking servo and focusing servo of the optical

pi ckup 13, respectively. The tracking servo and focusing servo are carried
out to normally read the signals fromthe optical disk 10 because, as
described in the section of BAGKGROUND IART, the WOBBLE servo or EFM servo
controls the 19 spindle motor 11 on the basis of the signals read from
‘the optical disk 10. Figure 2 is a flowhart illustrating the control
operation for changing the rpmof the spindle notor 11, which operation is
carried out by the controller 25, the first spindle notor controller 22,
and t hefsecmadwhphnthe Potasingntontiel mSanscihuoleldistahe tip i Hadusisg
drive according to the first enbodi nent of the invention. Hereinafter, the

case WRBEk§o! henr BHE Obashe 6P fiié etimé Ofedditéd tuntrl ctivages v f | tie
described wth reference to figure 2. Initially, when a request for

Chang'ﬁetBPeréHEhé§ EHEPLA LG £ I BBt NeThesE F6PEPUERE £H6Ls SHeVWWervHr 29gh the
i nput term nal to the controller 25, the controller 25 cal cul ates the

cycle élé]é?ly’\ééfﬂb' G&)a{?ftﬁ@eggﬁﬁ'&f'ahrﬁ@%?époﬂi’é neptcdneiisk get rpm

(step e cycle obtained in step S20 is set as a target FG

cycle, gg ag§2§§&0ﬁg §@tn %Qfewnéﬁéléﬁﬁe e d @ r 8T £SF NBrithd ey FG

servo step FM servo or WOBBLE servo, which has been

carriegy p£y°£h€hé|6€f ﬁ% to t § Ofe SOl ler 22, is turned off, and

the spindle servo iIs e FG servo by instructing the second

spi ndl e nDt%rf%ﬂggcﬂuﬁﬁ?%g_go e&%gr r%@%n%e SehRibnl eRneze) igwhereby the

FG servo is carried out reby e spindle notor 11 starts to
igﬁtji ?ﬁftéie%iiiﬁ%?‘i " Srac%%%i%% %‘?Z‘?Ff‘glré%}@ kit (N?.Xti,oz e
shom)():glf'pfh%l%%t?c'g?é% %%P%%Jééna}]lfy dglz"[z%w{he gr oo%/%gstdolfsrr?ed éUon t he
the | ohiCkiR %g'ﬁféé‘ﬁ%g'p%?‘%%l "Rt eSS SR & Concr ol 1 er
on 1 ES‘:%%%?‘%’S%‘?%%%&%’#*S%? r’)‘%%%f%%éﬂ?é?‘o°ré‘flﬁ°§%¥‘§| R ff‘*“”nd the
Lar oot F R Lot B aRie bt W telf 28 idiPe; oy e LRI, e
notif aﬁ%ﬁ%ﬁ%ﬁﬂ%’?%ﬁ%f?ﬁsﬁ S rﬁaaiﬁ% P oY e ©
%éﬁiéﬁﬂ%ft 0% g B oRbots d%%%%eéfﬁi' S O ey L, OB

bemne te fromth ns of the()tlcm %%m 1

fornedw t O%R?%%. i*]ifl?? ?g) ?%% 1on o ?éé%%? :égﬁf fhevg;tlca
di sk 10. S tl th t 1 f

the T e MR Rbri S R S hotit ¥ SO e, ety o, e th£°”‘
first d t | J 22 wher eby._ t

From (L EEELFR SRSt ér?wiéwrg%:; 450 il é%ﬁ%@o@% BN %’aﬁ%een

-carried out before_step. 22 (s S27 escri b ov t
embodi TRt %‘?t:f ?ﬂ%n?l%?fgtﬁ %%g?‘hgt %eSlrgb CFbs‘}pl ﬁcﬁqﬁm}{@ 11,
the coplrol L8t 251 WhSSISn ik © ;'na'dc', S8 TS ap' Nl & Rl Yy

the rpm detector; a step of turning off the tracking servo; a

step of changing the rpm of the motor so that the rpm of the
motor detected by the rpm detector becomes equal to the target
rpm; a step of starting the tracking servo; and a step of
switching the motor rpm control from the control based on the rpm

of the motor detected by the rpm detector to the control based on



21 fromthe EFM servo or WOBBLE servo by the first spindle notor controller
22 to the FG servo by the second spindle notor controller 23 and,

simul taneously, the controller 25 turns off the tracking servo by the
tracking controller 18. Therefore, thaZpindle notor 11 is controlled by
the FG servo and no tracking servo of the optical pickup 13 is carried out
Wwhile the rpmis changed, whereby the rpmof the spindle notor can be
changed wi thout noving the tracking position. As the result, there is no
change in the tracking positions before and after the change of the rpm of

the spthél eighadrréad, by hetiefvickup he TREPEHb g, Siat s oposbEbDEt teal di sk
at the tracking position is not changed after the rpm change, and setting

of thepspridl cageoyPical edidhedrivre Cheigeol metHdRlWhicris esbnaltto
resulting in stable recordi ng/ playback operation. Furthernore, the FG

servo éﬁalg?ée L%’ﬁf' %& Of the mesds witHdier Mo i aheideksnP Wit esh from

the Hall in accordance with the rpmof the spindl’e notor 11
Accor dj ot e ﬁ{@kﬁéﬁnals read fromthe optical disk 10 are not required for
t he FG servo and, erefore, no problemoccurs in the spindle servo even

t hough the ;fhgﬁgeg% SRR Ht ke @RLI g?lesehﬁk!i!ﬂvleﬁtﬂﬁlgrC%BEEEdiQUt during

execution o servo. rther nor when the spindle servo I's changed

0SSR F SRy ki Vol (S RS | 0 B e T

t enpor y occur a state where servo I's turne

car i cPIRRE TG Aol B SRR ARLEH Mhrict MG T i
;%2%5,0‘? l_ﬂ‘?gkgfgfy%alcﬁ%%ieﬁ H‘lgsni_c angt)qpognectg‘% ?03% '%(l'){frj’ _cﬁ!%ﬂc,f hre lc'ijlr' sjts en‘;);)dir mtsﬂt
of {hend QS0 RISV ARG TS M g WS A o e (e
S A I B bt RO 2 SRR B
(B a1 YR UL S Ll SOOI e, WS, CORBIAE PR g 1 o
Cpeodi TR MR O i et A 418 SAeeatares T YA thec She Whodi ment
api AP (P s &t B PY eRuAY o CoRatgR Y AbadlTg
P! |, Yt TR S i Dl U e o
di reCtJi%’ic Cgritvrlae Jo%tar.'tcjlo?ne%)fliosd icsomprises a step of switching the motor

rpm control from a control based on the signal read by the pickup

to a control based on the rpm of the motor which is detected by

the rpm detector; a step of turning off the focusing servo; a

step of changing the rpm of the motor so that the rpm of the

motor detected by the rpm detector becomes the target rpm; a step

of starting the focusing servo; and a step of switching the motor

rpm control from the control based on the rpm of the motor

detected by the rpm detector to the control based on the signal

read by the pickup. Therefore, it is possible to provide an

optical disk drive control method which can change the rpm of the



reduced. Figure 7 is a block diagramillustrating the construction of an
opti'cal disk drive according to the second enbodi nent of the present
invention. In figure 7, the same reference nunerals as those shown in
figure 1 denote the same or correspondildg parts. 23 The optical disk
drive according to this second enbodinment is different fromthe optical

di sk drive according to the first enbodinent in that a controller 26 is
provi ded i nstead of the controller 25. The controller 26 perforns control
as described in the following, on the basis of a signal which is supplied
from t Heoter siiddhauly agtinthethehinaakdng mesitd oan@fi tder pdickuphe anshtrol | er
26 to change the rpmof the spindle notor 1. When the optical pickup 13
shoul d teduns ethe doadiam theadiatpates teisomeanswiiori dgiydziat ithve, pilpkup
controller 26 instructs the tracking controller 18 to nove the optical

pi ckup iI8 tthe tdiereddsiiared fHddie immtatioen adis ofi tdeemotbar. 11 shoul d be
rotated at a constant rpm the controller 26 instructs the first spindle
notor controller 22 to keep the rpmof the spindle notor constant, and
instructs the tracking controller 18 and the focusing controller 19 to
per f or IBRIER WESCRIPTIONIOF fTHELDRAFINGSVO of the optical pickup 13,
respectively. Further, while the rpmof the spindle notor 11 is changed,
the control | pigdfei DSisust Blbbk GL&@RSMSPLDESEraDiy ONtcOS€ruebidn of
performcontrol for changing the rpmof the spindle notor 11, and instructs
the focusiopticnt ddlskedrli¥el adcerdinlhl toha faedsi agibsaimenefl othenhept i cal

pi ckup 13, whereby no focusing servo is carried out. Next, the operation of
the optyredlert Shvdnityenf.or controlling the rpmw |l be described. Since the
gegeration of the drive when the rpmof the spindle notor 11 should be kept
24 constant pgghgendi £3l at p1ébchast I EGEYeSBLIN R ettt fof St

enbodi nent, it will be omtted in this second enbodinment. Figure 3 is a
f I 'owe haidntirld14Shigaithed ophe caanyiak QReVA! keBording to the first
" embodiment of the present invention.

Figure 3 is a flowchart for explaining a method of
controlling an optical disk drive according to a second
embodiment of the present invention.

Figure 4 is a flowchart for explaining a method of
controlling the optical disk drive according to a third
embodiment of the present invention.

Figure 5 is a flowchart for explaining a method of
controlling an optical disk drive according to a fourth
embodiment of the present invention.

Figure 6 is a flowchart for explaining a method of
controlling a conventional optical disk drive.

Figure 7 is a block diagram illustrating the construction of

an optical disk drive according to the second embodiment of the

present invention.



when the rpmof the spindle notor 11 is changed by the controller 26, the
first spindle notor controller 22, and the second spindle notor controller
23 of the optical disk drive according to the second enbodi nent of the
invention. Hereinafter, a description 4|l be given of the case where the
rpmof the spindle nmotor 11 is changed, with reference to figure 3.
Initially, when a request for changing the rpmis supplied froma host
conputer or the like through the input termnal 24 to the controller 26,
the controller 26 calculates the cycle of the FG signal corresponding to a
target rpm (Bigwr&3®)is Nextblochediaymm AG wsitat oty dihee dorns tanegkiS80 ¢
set in the second spindle notor controller 23 for performng the FG servo
(step S3lppthiesl, dibe aedveohkbebrabngutosthéetkiEdt sembodmeMOBRE Ftser vo
off, i.e., the spindle servo which has been perfornmed by the first spindle
nDtor ?Qgggﬁkl ghvéatiand instructs the second spindle notor controller 23
to performthe spindle servo, whereby the spindle servo is switched to the

FG servo (stepgléég)s 206 tHEIE SRigian SLieRAd e ttie SdRstriftarion het

spi ndl e noto 1l starts to accelerate or decelerate the revol ution toward
the tagge bibg eOQEEBkEEﬁ 26 'Eﬁér56u§tﬁh&n$@&it§érﬁltg &entRel | er
19 to tgr%pEEGh%ygégrng sgrvo of f ? © . Thereby, the lens of the
optica Pik t he follomnng of the grooves forned r 25 on the
opticak 858 t %ﬁﬁ%ggﬁdlrectlon of the rotation axis, whereby the | aser
beam cannot be focused on the optical disk. Accordlngly, al so tracking
servo becones uncontroll able, and the |l ens of the optical pickup 11 renains
at the : PR SARORRVERT e motor controller 23 checks
fwgetherggﬁehgggnapgéﬁgggr ? ﬁas reacﬂgg the target rpmor not, on the
“basi s ﬁh PBEMEﬁbs&gnal obtained fromthe Hall elenent 12 (step S35). Wen
t he spi 8 or “11 has reached the target rpm the second spindle notor
controller not i S cant t l.e AL

reached thezjtg%r gﬂtelrﬁg%etdltéeageﬁf C%%Iylgl tl{beca:tﬁlg%tt etocontrol l'er 26
instructs the _focusi niro r t he, f r 1& he
focu5|ﬁé sBF?Sepg %nggoﬁ (é#g t%%%%9n§h€é£ $ ?%sﬁﬁ#%é&ghggeﬁgtatPg%éof

fol l ovig the 0Lg0 (i o 98, henom cohe s} 3o pehtindhe Lasege beam

enitt efP rehs®o pt rcal = prckup seque Servo

o TR SRS e e A 0 gl o et

not or Servo i rst spln e notor controller 22,
mherebg %plggle servo is returned fromthe FG node to the EFM servo or
W\OBBLE BéP wiPER had been set before step 32. In the optical disk drive
accordlng ta.t he second e odlne r e sl £

ot or 11t HEFBERR bl 20 e i s e e Bl e R e

b f |
26 Y‘ff?%é%ﬁﬁecete&taEﬁsrtééiaégsa?%#ﬁgE@B? ef?%%té%rh%é%%ﬁtmltﬁfﬂi S0t hat
O nocpzelfnPoiNgeREibn” R (el fiPahd bRl bEiQY’ 131 BpLbE  HRH 1 o

: Eangea i ng ServdUrE car PleqPout so the fracking servo is
t Carrkﬁd OTens (Lgttgﬁowﬁvl'§n8h§”918naf61s read from an optical

disk 10, which is rotary-driven by a spindle motor 11, through
this lens. The signal to be read is a WOBBLE signal or the like
when no data is recorded on the optical disk 10. When data has
already been recorded on the optical disk 10, the signal to be
read from the disk 10 is a recorded signal including an EFM
signal, or the like. A signal processor 16 processes the signal

outputted from the optical pickup 13, extracts the recorded data



the result, the rpmof the spindle notor 11 can be changed w t hout noving
the«tracking position, and the sane effects as described for the first
‘enbodi nent can be achieved. Further, since the grooves are spirally fornmed
on the optical disk, while the rpmis lghanged when the focusing servo is
carried out, the laser beamemtted fromthe optical pickup is required to
intensively follow the grooves in the direction of the rotation axis. As
the result, a great load is put on the actuator that drives the lens of the
optical pickup in the direction of the rotation axis. In this second

enbodi%EBh,th@W@Fe&cagiaggknpofoguaia@tpﬁmSWthé data i etrowgh vém | @atiet r pm
is changed, the load on the actuator 14 that drives the optical pickup 13

can beipeflypgd. 1Fuebhere vhesidée spindle servo is changed to the FG servo
after the focusing servo is turned off, there may tenporarily occur a state

wher e the ”'ﬂ?é‘i%&f@dlv%i%ﬁ ACHSiNGhciRited abe tharndd eflh ket mowgld bye
WOBBLE servo or EFM servo which needs the tracking servo and focusing servo

s carthedofibeok R0 Al thy alteecidf d#tholfowdtidtal raeld nar saeo. I

this state, normal spindle servo cannot be carried out, and stable

recor dingh RLAYRREK 9RSration £ANERL BeréChi &Y PerpdndieslSLothtkhe

enbodi 8 owevér, “sihce't focusing servo is turned off after the

D 0l GaRer YBrhRniABngRtrhee B8 ER SEhYRCATAl: doopg N0l rUBEHeLNCCAE ACK] NG

servo, y occur, r trng 1ns e recordi ng/ pl ayback
Focusi RECRERYoPLERPRT R2qT 31 ORACTE TRt bt oY THe S maloe ol o 41
tsgacgﬁgtégeﬁggﬁefﬁgg%%fﬁﬁ%8f§ %’??g*’éie‘f%?ii EE‘?‘%&%‘%‘? Y‘ﬁiﬁ‘f % ng
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) from the optical pickup 13. That is, whether the tracking
" position of the optical pickup 13 is deviated or not is checked
on the basis of the signal outputted from the optical pickup 13,
and when the tracking position is deviated, the actuator 14 is
driven by the pickup control driver 21 to move the optical pickup
13 in the direction of the radius of the optical disk 10 so that
the tracking position is corrected. This control is called

"tracking servo". The focus controller 19 performs focusing

servo on the basis of the signal outputted from the optical



resunption of focusing servo. Figure 8 is a block diagramillustrating the
construction of an optical disk drive according to a third enbodi nent of
the present invention. In figure 8, the sane reference nunerals as those
shown in figure 1 denote the same or cbéresponding parts. The optical disk
drive according to the third enbodinment is different fromthe optical disk
drive according to the first enbodinent in that a controller 27 is provided
i nstead of the controller 25. The controller 27 perfornms control as
follows, on the basis of a signal which is supplied fromthe outside

t hroughpitdp AUt tEHdE niad, dshevhbr e Wicuist b€ thet opitieal? pitckuphdidge the
rpm of the spindle notor 11. When the optical pickup 13 should be noved to

a dat a jledviGd terpidr ddtoisWchecR@dPen thenbakhe eenthel kegndl instructs
the tracking controller 18 to nove the optical pickup 13 to the desired

posi ti htpiieed FecaPivhd @paan pickbpul3;benaowReRdtAE &oeassiant rpm
t he contr51ler 27 instructs the first splndle notor controller 22 to keep

the rp@<¥=a& %_sgmgﬂh%t%a&%& 13 §9natalen Bgdthésbiéﬁﬁﬁ EBAtEbACKrRger
control the focusing controller to performtracki ng servo and
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rpm of the spindle not 11 15 cha the controller 27 29 instructs

the Se%gﬁg O e ﬁg%ﬁﬁeC&BEBQ'hEe 83th§tp6ﬁ£Ofaeﬁ?ngeghtieﬁ ¢hanging the

pm of not or instructs t tracking controller 18 to turn off the
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carried out.” Further, the controller ther t he focu5|ng servo

of the optic Mgl%%ﬁyo]g hc?or{ &Plue o?éde)llﬂcfﬁ; djz%.xﬁhﬁj*”ﬂmé) of f

;?)rngt on t the ) e ?bso N fe;ence betwen ' mhich
et 1S SRS TR 1198 Lo Aol HELAE OB ey pbEnancor
comt ohl Seeiy %E‘)&&d&%ﬁp%“?fﬁ?g'ﬁér%f pepies g e Sl gl
T e o LR %ﬁﬁﬁéi;&.l%gfwﬁzz%@ag' 120
ST P, b S PRSI ke HFORORRL B JEreRg D
oo Ml S PSSP, e o
o kL
e e ST 5SS SPLRINR RS, B, P08 BEphaRsaRes e

rpm. In the vicinity of the spindle motor 11, a Hall element 12

is disposed as a means for detecting the rpm of the spindle motor

11. The Hall element 12 outputs an FG signal in accordance with

the revolution of the spindle motor 11. This FG signal

corresponds to the rpm of the spindle motor 11. The second

spindle motor controller 23 controls the spindle motor control

driver 20 so that the rpm of the spindle motor 11 reaches a

predetermined rpm, on the basis of the rpm of the spindle motor

11, which is obtained from the FG signal outputted from the Hall

element 12. Control of the rpm of the spindle motor 11 is called



Initially, when a request for changing the rpmis supplied 30 fromthe
host: conputer or the |like through the input termnal 29 to the controller
27, the controller 27 calculates the cycle of the FG signal correspondi ng
to a target. rpm (step S40). Next, theltfarget FG cycle obtained in step S90
is set in the second spindle notor controller 23 which perforns the FG
servo (step S41). Next, the controller 27 turns off the EFM servo or WOBBLE
servo, i.e., the spindle servo which has been carried out by the first
spindle notor controller 22, and instructs the second . spindle notor

cont r otdindle t e o'l Qird,t e i qudlaar 1961 wayn rtedr elfy thei topind raf tikee spi ndl e
servo to the FG servo (step $S42), and the FG servo is executed (step $43).
Ther elypindiee SRbtst & INBorenkl St SPindies alotfot eontrdddelrerz? o e
revol ution toward the target rpm Next, either turn-off of only tracking

servo ¥ds{sIrdr offe WOBBLH dilgki IG TRIIMEANMHOBBLES sk veeT,V@drtrol of
branch-deci ded (step S44), selected, and executed. That is, it is decided

whet hegnd Wigh B e fHHR10 rRior0 13N Y dHe MHSOsRadlle Mitod N addition
to turn-off  of tracking servo. Wien only the tracking servo is turned off
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gi ven branch cision WO types servo
turn-qgft S%%% %%%ErEd position. When the spindle motor 11 should be

$ when t he

rotated at a constant rpm, the controller 25 instructs the first
spindle motor controller 22 to perform control for keeping the
rpm of the spindle motor 11 constant, and instructs the tracking
controller 18 and the focus controller 19 to perform tracking
servo and focusing servo of the optical pickup 13, respectively.
Further, while the rpm of the spindle motor 11 is changed, the
controller 25 instructs the second spindle motor controller 23 to
perform control for changing the rpm of the motor, and instructs

the focus controller 19 to perform focusing servo of the optical



Initially, the controller 27 calculates a difference between the rpmof the
spindle notor 11 before it is changed, and the target rpm Then, the

absol ute value of this difference is conpared with a predeterm ned
threshol d. Wen the absol ute val ue of tfe difference is smaller than the
threshold, only the 32 tracking servo is turned off (step $S45). Further,
when the absolute value of the difference is equal to or larger than the

t hreshol d, the focusing servo as well as the tracking servo are turned off
(step S46). Therefore, when 1 substantially changed, difference g t ween t he
changed®igkiR He it @ﬂ'&j’etfl{rﬁirl%oIldl,Sttrh‘étlso§HeoﬁrBS%Hn8f COREERLAETs By & he
rpmof the spindle nmotor 11 is i.e., when the absolute value of the rpm of
t he spithine ofifi dthel tusstkding Is@nvg ofnthe egtiacatoprdckupr g@hefBRY fRe t he
actuator 14 can be reduced by turning and focusing servo off. Further, when
t he rprhmdcking sysinvdl d spolagried ioitnot substantially changed, i.e., when
the absol ute value of the difference between the rpm of the spindle notor
11 before beNagtchbthgedpenatiom ofirtae opwical stk edrivenfene t hreshol d,
since the load on the actuator 14 is relatively small, the process and tine
requi r esbritrolimey dfhfe ampah waddmbei desciribed foruthegcesevwhezrs bher apmced
by turning only the tracking servo off. Accordingly, a reduction in the

| oad orft kheacipiaidie hbtiox ndalshoeddbpet keptekahistahy.si npl e process of
conparing the amount of change in the rpmwith the threshold. As for the
threshol d, awxMehus peghesti fer keepireg petié arpmnoenstantel opiupplied skrom
shoul d be obtained in advance, according to the difference in the rpmthat

i s requifeethdst cohpugierg orhehepmike theoaphi ¢k dnpktl@ermyinaal 2dl abi on or
;shnulation, considering the influence of OV OFF of the focusing servo on

‘t e perdher TvMeolfl eirh@sgptthealcottit3iol lexr325Nens L ribe ssenendigpindpénddeor
controller 23 checks whether the spindle notor 11 has reached the target
rpm or mpdlor orith®1has 220t ot keepGthegrpn ebhastand.f r on trieeekpt! ofl et 12
(step S47). When the spindle notor 11 has reached the target rpm the
second j gitidict 1R, O heOo F el %Ei&alaofnbi:bedcbherbmmbﬁroP.ere’z‘foidnat thee
spindle notor 11 has reached the target rpm On receipt of this

noti fi GRfBRAE sleli®oCemt kbl Basiz bESthecHoBBhE EogHalngnceoner ehker wherko
turn on the focusing servo if the focusing servo is not carried out during

changi ng efatlahe s Recordethen, theeopeithd! HeEx2703! 82 pbasFbuRESthBEeEFM
tracki ng~controller 18 to turn on the tracking servo (step S48), thereby

resum R Ade oRPehRt baBiknowhichd ERR kagahlbeampel thed Whefet dathenasof the
optical pickup follows the grooves forned on the optical disk.

Subsequ@nrilaiy baenseeverdabdt ba tpendpeibmionidk 19,Sehbebb¢ tontrbheingr vo

by the secong spindle notor controller 23 to the servo by the first spindle
not or @it kplinen e2dotwiengbyot Be &pi Rekp SRevVepmSoEethenegticaln tihekFEonode
to the EFM servo or WOBBLE servo that had been carried out before step S42

(step gdRktahit.t hatophiGalt idiesk tiied “@nteeAN@irN @5t @ nisharuidtis! dhermpadicxkang of

-tge i nvention, when changing the rpmof the spindle notor 11, the

c

ntrokbatréfi1e¥ 18handt ReSkotdsengetvatkoomethe 9EEY g@t‘ferﬁf tthexYeBBLE
servo perforned by the first spindle notor controller 22 to the FG servo

perfor ?vByahBEf%%ﬁgaﬁgsab@%? FRkpeceoblol | eorFeceipt! bE eawiseol | er 27
turns o the tracking Servo by the tracking controller 18 so that no

?raCkiﬁﬂs§§ﬁﬁQi%Bs, 3het RRaCREhGALoRLEKIRe:31BSafar Ehad fBELsMGl € the rpm
is changed. Therefore, no tracking servo of the optical pickup 13 is

carri egggl&%:oi%i nﬁifg;?p@%'b@ﬂ ekabRenfPYLrvBeRRRY FbBAsIAREsBELBCHE @Ret hose

descri or the st enbodi nent are achi eved. Furthérnore, the absolute
value ghqdhf HeLRApe186t ¥BSBekRevely. The tracking servo and focusing
servo are carried out to normally read the signals from the

optical disk 10 because, as described in the section of

BACKGROUND ART, the WOBBLE servo or EFM servo controls the



rpmof the spindl e notor before being changed and the target rpmis
conpared'with a predeterm ned threshold by the controller 27, and when the
absol ute value of the difference is equal to or larger than the threshold
val ue, the focusing servo by the focudi®hng controller 19 is turned off, and
when it is smaller than the threshold value, the focusing servo is
‘continued. Thereby, when the rpmof the spindle notor 11 is substantially
changed, the |l oad on the actuator 14 can be reduced by turning the focusing
servo off. Further, when the rpmof the spindle notor 11 isS nqt

subst aspindle Batagedl enethechashy lkerthf iioals KeaRh H9m use the

| oad on the actuator 14 is relatively snmall, whereby the process and tine
requi regtiocaltdiskol®.and resunption of the focusing servo are reduced.
Accordingly, the selection as to whether the focusing servo is turned off
or not is ca@iquark Atisa tHawahartnihlostabtingr theecoptiredl opeERtdPNve is
achieved, by the relatively sinple process of conparing the anount of
changefbf th&ngphgWehé tpm o elsd osmlindlmuatey rid t vhiial loperation is
increases in the required process and tine when the focusing servo is

t ur nedcatfie@notibebpptheatonit s&l tex V&5 astheel fimst tdpEindifd ueriser of the | oad
on the actuator |4 when the focusing servo 35 is not turned off, on the
opti caboftsk1UerVve2, Wantebe t SecdHmdcsmimdlee mottamtaon tizbldser B3 r educed

Wi t hout increasing the process and tine required for turn-off and

resunpi hetu@édt 8 £ReUspBYcAErdDsk \Whidvee iacddridinditral tdrebodiimsmnt tur n- of f
or continuation of focusing servo is decided on the basis of the anount of
changeehBoliiRehABMbENLRE EPnvértibh. MElYe beiieLteled tite t b@sdagherof thderpmne
;quuired for changing the rpmof the spindle notor 11. _ Hereinafter, a
"déscri gEi PRe Wsbinfte Gh¥eHrofl the €8s WiRimyddIWIAIT By desditibed iwirthof
focusing servo i s decided according to the tinme required for changing the
rpm Theeepohe@! £8 £24upbt2i ns, in advance, the relationship between the
anount of change in the rpmof the spindle notor 11 and the tine required

for this change; And,,CQMRAT @ eGHl EQR! chARYWhGh thee rpar et supplaedt he
basis of this result to derive the tine required for changing the rpm Wen

the regpifechéi ABstScohiphtef (héP showedaiierdidiectidriaghal desnimaion4 ol | er

27 instructs the tracking controller 18 to turn off the tracking servo only

(step S45ine 288ntbEN1E0e28 SOEhé edort ¥BL1Sr xR dalcultdarges dyele t he
threshold, the controller 27 instructs the tracking controller 18 and the

Lorvs, W GEpRLEPbbfensy) e SIptiin isslenpaniin e gie tommls,
driving,of (LPgp! 896). Next, the cycle obtained in step S20 is set as a
target FG cycle, in the second spindle motor controller 23 for
performing the FG servo (step S21). Next, the EFM servo or

WOBBLE servo, which has been carried out by the first spindle
motor controller 22, is turned off, and the spindle servo is
switched to the FG servo by instructing the second spindle motor
controller 23 to perform the FG servo (step S22), whereby the FG
servo is carried out (step S523). Thereby, the spindle motor 11
starts to accelerate or deceleraté the revolution toward the

target rpm. Next, the controller 25 instructs the tracking

controller 18 to turn off (i.e., cancel) the tracking servo (step



of the optical pickup 13 is in proportion to the time during which only the
tracking'servo is turned off. For exanple, - 36 between the case where
the rpmof the spindle notor 11 is increased from24X to 32X and the case
where the rpmis decreased from 32X t@®4X, although these cases have the
sanme absol ute value of the difference between the rpm of the spindle notor
‘bef ore bei ng changed and the target rpm the tine required for changing the
rpmis usually longer in the case of increasing the rpmthan in the case of
decreasing the rpm Accordingly, the relationship between the anount of
changesin) t he Themrebfy,t thes liendl €noht shoandl ofietheneptigalretickup iBe change
is previously neasured for both cases of increasing and decreasing the rpm
and t hgoegqtbtedollowstheegsboved. fdheed ¢metheé neptical radsk ok 0 chmngheg t he
current rpmof the spindle notor is derived using the result, and the
deriveditbpRibs 6€NPRECHadihb aft bheshpticanldicsk hEd, Hast prisyi berssy been
obtained so as to be an opti num val ue for the perfornmance of the optical

di sk drEMgin§oRei €Rei pesibeohnf | uence of OV OFF of the focusing servo
according to the time for changing the rpm on the performance of the

optical diskyephenaly ddcdmd dgsigiad Wiridiekonlteoflaessing checks whetiiered
of f or continued. Al t hough a decision process a little conplicated as
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reliabi reasing the process and tinme required for
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motor controller 23 to the servo by the first spindle motor
controller 22, whereby the spindle servo is returned from the FG
servo back to the EFM servo or WOBBLE servo which had been
carried out before step 22 (sfep s27).
As described above, in this first embodiment of the

invention, when changing the rpm of the spindle motor 11, the

controller 25 switches the spindle servo of the spindle motor 11



38 optical pickup 13 to the desired position. Wen the spindle notor 11
shoul d be rotated at a constant rpm the controller 28 instructs the first
spindle notor controller 22 to performcontrol for keeping the rpmof the
spindle nmotor 11 constant, and instruc®d the tracking controller 18 and the
focusing controller 19 to performtracking servo and focusing servo of the
‘optical pickup 13, respectively. Further,. while the rpmof the spindle
notor 11 is changed, the controller 28 instructs the second spindle notor
controller 23 to performcontrol for changing the rpmof the notor, and
i nst r uciron Hhe RIS i gerworr WOBRLEL $enya doyn thief filrstf spasdie mettoax of the
optical pickup 13 so that no focusing servo is carried out, and instructs
the foaontelded 28 ey tHe (KRG rsexwee byhehfeogetiond seivdleemotert he spi ndl e
notor 11 reaches the target rpm Next, the operation of the optical disk
drive foonta@llled I2NaGrdie gipmlwanedus146sahiebedntbontert bg epehat oFF of the
drive when the rpmof the spindle notor 11 is kept constant is identical to
that desw itredidieng (dearvd tebediadihg icontirbll1be 28iltt agheire fidtes fraEth
enbodi ment. Figure 5 is a flowhart illustrating the control operation of
the drisgdndiennicted A dfs dematsRilndde vyicte ¥& ser¢bangadnbytikhexsagt rol | er
28, the first spindle nmotor controller 22, and the second spindle notor
controlde@ivo2df \WhieCldpiialngiedtes 13 tkecaptieal odtSkndlevenacepmdiRg to
the fourth enbodiment. Hereinafter, a description will be given of the case
where idiangedd WhEreby! heSRpRILE PREOSpihdie #BRBYCEanVbENchghgEgNCe O
figure 5. I'nitially, when a request for changing the rpmis outputted from
a_host ,4eKRBUECHoRinbh el K2ackif Cgeg&e&bﬁr 28scahenalal ol hentyd 9 ofhd he
IFS signal corresponding to the target rpm (step S50). Next, the controller
‘28 setgy t angdehel ;& 0BHLak gn S j ?e c i pél e
not or gb%? §|?ér%2§ ? g%ifﬁSeP?§PE§gEE ggggge(gggpégg% .tﬁgxgag?ﬁg B¢
controlhar 28 oRaRees s¥indiRemskrbRrdLEgSe Wely u y the
EPV sorve SPRBRatESS Shipor RECR Pl K azpROkEl PAS PECOrALAGILEDY |
FG sery¢ ehet Bpr3egendisRi 2¢! €nE0LRLKORY' i t e the
FG servo isecaPrieg ou% by the segoﬁgﬁsg'ngkgfﬁ%§§ri%oﬁ§$§?$%?g§§ %g?éﬁ
S53) . Ther ebw chagqepPi adke tQhaldeS t C t d I te the
Her eBi chlifigs! sERL2hglbeSLAR! SplAaRCCELRYE! SeOLr IERE! PhAl © !

revol ution towar he target rpnm Next, contro Instructs the

t Ki tEQl [ | t

L1 acki hh20aR, 59 hEEPRELPoCaEPREICBUE, "R RATLL,  BF Habte MeBePARC ) the
I t] k 13 st the fol | ow f th inth

i oct PoRPEREREBRERRABRLE [ S orT cal “ai Sk 10 and i n Che di rection of the

rotation aXiﬁJICghéﬂl?OJ%),tiﬁﬁil ECESA(eJ::kpc i@%éﬂ:&ed out on the basis of the

FG signal which is outputted from the Hall element 12 in
accordance with the rpm of the spindle motor 11. Accordingly,
the signals read from the optical disk 10 are not required for
the FG servo and, therefore, no problem occurs in the spindle
servo even though the tracking servo of the optical pickup is not
carried out during execution of the FG servo.

Furthermore, when the spindle servo is changed to the FG
servo after the tracking servo is turned off, there may
temporarily occur a state where the trackiné servo is turned off

although the WOBBLE servo or EFM servo which needs the tracking



| ens remains at that position. The controller 28 nultiplies the target rpm
of t'he spindle notor 11 to be obtained after changing the rpm by a
predet erm ned nunber, to obtain a predeterm ned rpm (hereinafter referred
to as a first target), and sets this R2rst target in the 40 second
spindle notor controller 23. The predeterm ned nunber should be selected so
that the first target is positioned before the target rpm The second
spindle notor controller 23 checks whether the rpmof the spindle notor 11
has reached the first target or not, on the basis of the FG signal obtained
from tdexrvinlis etaanmdd bt stiamesiz)t e 1Sulesfimgpure thley tuwhewr fifthe fr rimeof t he
spindle notor 11 has reached the first target, the focusing servo is turned
on. Thatadkindisevi.Ng 10 this nstate) | mormabgimelleosersid earfht the
focusing controller 19 turns on the focusing servo, during rotation of the

spi ndl & reted ik, Refdstddie sRiddHd nfiplaybhokeapeeatiba tahget bem (step
S56) . Ther eby, the first target at which the focusing servo is to be

start et LA PP i NEARY £i16s 151 dHD SaiHARESSE AheMilivietitioly tHivevaiget rpm
by a predeterm ned nunber. By resumi ng the focusing servo at this first

targetgi (%'g 1 USH % i3RY \6R 18R iRe e b rela@iert ReS Bb’iﬁbieméb%ol]j_s

reaches t target rpn1 Therefore, as conpared with the case where the

f ocusi I the RRackeaehedriie target
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nor mal™ opera I whereby the tinme required for changi ng the rpm
of th dﬁ? S otor 11 can be reduced. Further, although the lens of the
tlc Up 13 starts the following in the direction of the rotation
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d|rect|on 0 e rablius o e op |ca drs ing servo
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targetlﬁpn1or not’,
rpm of the spindle motor is changed, whereby the tracking servo

can be resumed easily and speedily.
EMBODIMENT 2.

In an optical disk according to a second embodiment of the
present invention, focusing servo is turned off while the rpm of
the spindle motor is changed, whereby there occurs no change in
tracking positions before and after the change of the rpm of the
spindle motor, and the load on the actuator which drives the
optical pickup 13 in the direction of the rotation axis is
reduced.

Figure 7 is a block diagram illustrating the construction of
an optical disk drive according to the second embodiment of the
present invention. In figure 7, the same reference numerals as

those shown in figure 1 denote the same or corresponding parts.



the basis of the FG signal obtained fromthe Hall element 12 (step S57).
When the’spindle notor 13 has reached the final target rpm the second
spindle notor controller 23 notifies the controller 28 that the spindle
notor 13 has reached the final target 2pm On receipt of this notification
the controller 28 instructs the tracking controller 18 to turn on the
tracking servo (step S58). Subsequently, the controller 28 changes the
spindle servo fromthe FG node to the node which had been carried out
before step 52 (step S59). In the optical disk drive according to the

f our t hraebegicAeal, dibendehasghsgot8engpabothisesepond| emboddmedt, ishe
controller 28 switches the spindle servo fromthe EFM servo or WOBBLE servo

by thedfiiffatreniti Fetbf ﬁﬁéobgﬁﬂaélobigk d2ive hbeorfingrve thet bersecond
spindl e notor controller and the controller 27 turns of the tracking

servo gpflolifeh@Cifi PHatChVEoRYrblBet 26Ki §0peeRided | fisd&aandft BRef ocusi ng
controller 19 so that the optical pickup 13 does not performthe tracking
servo éBﬂtEﬁi?%anSSGrvo when the rpmis changed, whereby the same effects
as descri be or the first and second enbodi nents are achi eved.

Fur t her or e D& 08 4,91 etsfqarfy Ul S Y Hedckibel? gl i ed by a

predet er m ne er too tal rst target t I's positioned before the
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19 to perform tracking servo and focusing servo of the optical

pickup 13, respectively. Further, while the rpm of the spindle
motor 11 is changed, the controller 26 instructs the second
spindle motor controller 23 to perform control for changing the
rpm of the spindle motor 11, and instructs the focusing
controller 19 to turn off the focusing servo of the optical
pickup 13, whereby no focusing servo is cérried out.

Next, the operation of the optical disk drive for
controlling the rpm will be described. Since the operation of

the drive when the rpm of the spindle motor 11 should be kept



predetermned tine is subtracted fromthe required tine to obtain a first
target, 'and it is decided whether the rpmhas reached this first target or
not. \Wen the rpm has reached the first target, the focusing servo is
turned on i.n step S56. The predeternidfd tine to be subtracted fromthe
required time is the tinme required fromwhen the focusing servo is started
to when the focusing servo goes into the nornal state, and this tine is
approxi mately constant. Accordingly, the tine required for the focusing
servo operation is subtracted fromthe time required for changjng the rpm
of th%o&@&@@kﬁimoﬁdenticaénuothbatiaérs@dzade§¢§}bédigoﬁs%@eagl¥gﬁ f ocusi ng
servo starting tinme, whereby the rpmchange conpletion tine coincides with
the f QaiboidithedRSr dtti @illtobpl emitbhedi ire, thad saeondnemdedimenthi ch t he
focusing servo is carried out while changing the rpmof the spindle notor
11 can be niphatees. i | £1 dweclidiet filhtstmating tthe dosdinednopanadign ndl e
not or and the pickup are controlled using the tracking controller 18, the
f 0CUSLAGHC UM Fphebrl®net Bpifiniet mopopdie WBt changedrby| the 2¢onthellerond
spindle notor controller 23, and the controllers 25 to 28, in the present

invenb%ont%gg%qrggnggﬁhhgesmaaﬁrbeohﬁﬁbﬂmaﬂtEd,bynd thagsecondt spihdleor
plural” dontrollers. so in this case, the sane effects as those descri bed

for the firsodiehauit hieprodhaeppsiane acbkeuedveFactbedingntohther esent
i nvention, these controllers nmay be inplemented by a CPU (Central

Proce%ﬁd%%dﬁ@ﬁﬁbdiﬁ@ﬂttBQ thendh9ent44n00t Heraithalfiterpi akdpsomypliéon
controlle y software. Also in this case, the sane effects as those

descri I fi%nf 0EStnko r oHE MBS o&f €hacbpindlle W&PLLCRBI LI TY
ﬁ%@$€&% ﬂé@%n of_Ehg chaur Wheeabd PiSo P

AN IN escri bed above, the optical disk drive and the nethod for

7&bntr0||iéﬁ%&:<a ogﬁkgﬁggggzgggéigg #¢gArdi B9 to the present invention are

sui t abfe dptic rive and”an optical - disk drive control

TEt e Lo PRFSHEII A Forgitesechis! optds angl e S aturn 162 RO
from a host computer or the like through the input terminal 24 to
the controller 26, the controller 26 calculates the cycle of the
FG signal corresponding to a target rpm (step S30). Next, the
target FG cycle obtained in step S30 is set in the second spindle
motor controller 23 for performing the FG servo (step S31). Next,
the controller 26 turns the EFM servo or WOBBLE servo off, i.e.,
the spindle servo which has been performed by the first spindle
motor controller 22, and instructs the second spindle motor
controller 23 to perform the spindle servo, whereby the spindle
servo is switched to the FG servo (step S32), and the FG servo is
executed (step S33). Then, the spindle motor 11 starts to
accelerate or decelerate the revolution toward the target rpm.
Next, the controller 26 instructs the focusing controller 19

to turn the focusing servo off (step S34). Thereby, the lens of

the optical pickup 11 stops the following of the grooves formed
{



1. An optical disk drive conprising: a nmotor for rotationally driving an
optical 'disk: a pickup for reading a signal fromthe optical disk, said

pi ckup bei ng nounted nmovably with respect to the optical disk; a rpm
detector for detecting the rpm of t h&5notor; a tracking control means for
_perforn1ng tracking servo of the pickup on the basis of the signal which is
read by the pickup: a first motor control means for detecting the rpm of
the notor fromthe signal read by the pickup, and controlling the rpm of
the notor on the basis of the detected rpm a second notor control means
for centtnkl bpgithe dpskoiotim the atimection mfsithefratatigmimagiisch is
detected by the rpmdetectors and a control means for, when the rpmof the
ot or whérbBy PEhKEDhsEpNBEaNt cammdkt e tivecuseds tomuther aivitqad] disdns per form
a control for keeping the rpmof the notor constant, and naking the

trackppgos@ihgol, "BB8S Peatking tdervs adomessemarifralialjieck and i when
the rpomof the notor is to be changed, said control neans neking the second

mot or 1 60t 5! tHEaPSt PEAT Op it Rups o1t rémdials ctangiengpddictirgm of the notor,
and maki ng the tracking control neans turn off the tracking servo of the

pi ckup VW“l%%QévaﬂHHnéé%dﬁﬂ'H%ﬂﬂ@i@gﬁ@tor 46nBrofneepbidcahedkskwhetheras
defined in alm 1, wherein Said control neans turns off the tracking servo

per fopped By, bhe L5aGKi DY LEtFOAcHERNhe Aldiet MO M ttenl i
smntc%gg ?P%%]Fﬁe contro? by the ?irst H%toﬁggznszl ne;%;n?gﬁ?heegonlfol

o ! &Bﬁ?g?@ﬁe?ﬂ%gﬁﬁ?g%gi SBEdsned- £ A% Qitd aal1 i slerdirity &l as( stafp ned i n
S35). When the spindle motor 11 has reached the target rpm, the
) second spindle motor controller 23 notifies the controller 26
that the spindle motor 11 has reached the target rpm. On receipt
of this notification, the controller 26 instructs the focusing
controller 19 to start the focusing servo, and the focusing servo
is turned on (step S36), thereby resuming the operation of
following the grooves formed on the optical disk 10, with the
laser beam emitted from the lené of the optical pickup 13.
Subsequently, the servo of the spindle mgtor 11 is switched from
the servo by the second spindle motor controller 23 to the servo
by the first spindle motor controller 22, whereby the spindle
servo is returned from the FG mode to the EFM servo or WOBBLE
servo which had been set before step 32.
In the optical disk drive according to the second embodiment,
when changing the rpm of the spindle motor 11, the controller 26
switches the spindle servo from the EFM servo or WOBBLE servo by

the first spindle motor controller 22 to the FG servo by the

second spindle motor controller 23, and the controller 26 turns



a focusing control neans for perform ng focusing servo of the pickup on the
basi's of *the signal which is read by the pickup; wherein said control neans
makes the focusing control neans performthe focusing servo of the pickup
when the rpmof the notor is to be kef6 constant or when the rpmof the
motor is to-be changed. 4. An optical disk drive as defined in daiml
further conprising: a focusing control neans for perform ng focusing servo
of the pickup on the basis of the signal which is read by the pickup
wherein, when the rpmof the notor is to be kept constant, said control
means ghkefotheihgcuerng ofifit byl theafiscpeifigroontreolbewsi hgseethat ofiot he

pi ckup, and when the rpmof the notor is to be changed, said control neans

deci degonieihgr skheof 8€UshagophEa Dl pheims Fhols dcaperiead ouhevlivtesthe
servo or turn off the focusing servo while the rpmis being changed,

accordirp §9 EhBnged( cehdicki a6 gbctibéngpsedtot e oatried dusk, azsd then
I nstructs the focusing control neans to performthe decided operation. 5.

An opt keabkdhgksdri¥eiasngelf caggied &heiwhile Wres efpin Sid kltange®! nRans
deci des whet hér the focusing control means should performthe focusing

Servo phet YeBudtf the FPRUSENBHECSYPRADE hdEoPaBl Scal Bdheacrdhispédit e val ue of
a difference between the rpm of the notor before being changed and the

target Vﬁ.?ﬂbu@- ﬂzbfagpihéakrgéﬁkner;%a@i@fo&,efaﬁwdtﬂ@ S rafgedbiergin said

control neans deci des whet her the focusing control means should performthe

B B B L
conpriSiNG. pyrther, since the grooves are spirally formed on the

o

' ) optical disk, while the rpm is changed when the focusing servo is
carried out, the laser beam emitted from the optical pickup is
required to intensively follow the grooves in the direction of
the rotation axis. As the result, a great load is put on the
actuator that drives the lens of the optical pickup in the
direction of the rotation axis. In this second embodiment,
however, since no focusing servo is carried out while the rpm is
changed, the load on the actuator 14 that drives the optical
pickup 13 can be reduced.

Further, when the spindle servo is changed to the FG servo
after the focusing servo is turned off, there may temporarily
occur a state where the tracking servo and focusing servo are
turned off although the WOBBLE servo or EFM servo which needs the
tracking servo and focusing servo is carried out, immediately
after the turn-off of the tracking servo. In this state, normal

spindle servo cannot be carried out, and stable recording/

playback operation cannot be achieved. In this second embodiment,



a notor for rotationally driving an optical dis k a pickup for reading a
signal fromthe optical disk, said pickup being nounted novably Wth
Tespect to the optical disk; a rpmdetector for detecting the rpmof the
motor; a focusing control means for pe2f¥orm ng focusing servo of the pickup
on the basis of the signal which is read by the pickup; a first notor
‘control neans for detecting the rpmof the nmotor fromthe signal read by

t he pi ckup, and controlling the rpmof the notor on the basis. of the
detected rpma second notor control neans for controlling the rpmof the

48 not bowenerhe shages toke tfocuspmgdeeevbedsbyurhedr pfifdeftetrotheaspiadle
control neans for, when the rpmof the notor is to be kept constant, naking
the fisetrvootisr changed tweahe Per berwoathant doksfnotkrepdnghéherapriag t he
not or constant, and neki ng the focusing control nmeans performthe focusing
servo strvbe puckuprobildmwvhamrdleoceparpf rébalovhgr ihsstebbe changed, said
control neans nmaki ng the second notor control neans performa control for
changi pgcbkaingitpdhyblekmeperatasd. maki ng the focusing control means to
turn off the focusing servo of the pickup while the rpmis being changed.

8. An opticaln dilgks KdodndSerisdditrcht,N fItdithe’ + AMIGMIQIGN sevd U NGle MBANS
turns off the focusing servo perforned by the focusing control neans after

the moEeeusPAYCOBEYE! ikStavhean8esf wRM & Nené Opbh b £ bynd NgfidBd :ga?{g\%

control neans to the control by the second notor control “neans.

opticaj1diskcHahy€das 48 thedpkBsehdi ThéehtibAS n6RAVELS! P & éégih'p”g
control neans for performng Fracklng servo of the pickup on tﬁe asrs of
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Li to be kept” constant, said control neans i ng control means
peér
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to be changed, said control ans switches the notor contro rom
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not or reaches the target rpm
focusing servo is turned off in step S34, whereby the same

effects as mentioned for the second embodiment are achieved, and
the tracking of the laser beam emitted from the optical pickup 13
on the grooves on the optical disk 10 in the direction of the
radius of the optical disk 10 can be stopped with higher
reliability.

EMBODIMENT 3.

In an optical disk drive_according to a third embodiment of
the present invention, tracking servo is turned off when the rpm
of the spindle motor should be changed, and whether focusing
servo should be turned off or not is decided according to the rpm

of the optical disk. Thereby, there occurs no change in tracking



11. An optical disk drive as defined in Caim10, wherein said control
means sets a point of tinme when the focusing control neans should start the
focusing servo, at a point of tinme when the rpmof the notor being changed
is equal to-a rpmwhich is obtained byzﬁhltiplying the target rpmby a
predeterm ned nunber and is positioned between the rpm before bei ng changed
and the target rpm 12. An optical disk drive as defined in Caim10,
wherein said control mnmeans decides the point of time when the focusing
control nmeans should start the focusing servo, on the basis of the tine
requi r RPSHEIPNS Hee £Qre And raf e gkhe éﬁbﬂ&e dgém ofmthe mpindlke A
nmet hod for controlling an optical disk drive conpr|5|ng a notor for

rot at i MY, dandi Fle akoahtor dtheli agiuaten Gamp Heoredussichyidhaufal from
the optical disk, which is mounted nmovably with respect to the optical

di sk, M%ﬁammeﬂ&tmmf%ﬁs @ diing neminad don Hanmodit andd said
optlcal di sk drive perform ng tracking servo of the pickup and controlling
t he rprrefunpiomteof focudindasmrvaf the signal read by the pickup when the
optical disk is to be rotated at a constant rpm and when the rpm of the
optical di skFigure Be ishanbédcksdidgopii taludtsatingveheootnstruetihod of
conprising: a step of switching the notor rpmcontrol froma control based
on t he &l gEticaehdingk tdweiye dagoidim canta ahilvas ethbodtimeatr pd athe he not or
which is detected by the rpmdetector; a step of turning off the tracking
servo prEsntofimhangiong t henrpigafe tée thd ansd ddfdrdnive mumedfaldeasot or
detected by the rpm detector becones equal to the target rpm a step of

starti nthddee shaakiitg Sigyure laribrotd aheofsams oahiceg reBpondiag pamBteant r ol
-ffomthe control based on the rpmof the notor detected by the rpm detector

t he Thentopd i das &l s diisres iqptdrdienrd thy thiee thickiuembbddiméntetlsod for
controlling an optical disk drive conprising a notor for rotationally
dri vi ngiisffe¥ritc rdh Yhe didalp di¥k drive according to the first
embodiment in that a controller 27 is provided instead of the
controller 25.

The controller 27 performs control as follows, on the basis
of a signal which is supplied from the outside through the input
terminal 24 and instructs the controller 27 to change the rpm of
the spindle motor 11. When the optical pickup 13 should be moved
to a data reading position or writing position, the controller 27
instructs the tracking controller 18 to move the optical pickup
13 to the desired position. When the spindle motor 11 should be
rotated at a constant rpm, the controller 27 instructs the first
spindle motor controller 22 to keep the rpm of the spindle motor
11 constant, and instructs the tracking controller 18 and the
focusing controller 19 to perform tracking servo and focusing

servo of the optical pickup 13, respectively. Further, while the

rpm of the spindle motor 11 is changed, the controller 27



reaQing a signal fromthe optical disk, which is nmounted novably 51 with
respect to the optical disk, and a rpmdetector for detecting the rpm of
the notor, and said optical disk drivg perform ng tracking servo of the

pi ckup and -controlling the rpmof the flotor on the basis of the signal read
by the pickup when the optical disk is to be rotated at a constant rpm and
when the rpmof the optical disk is to be changed, said optical disk drive
control nethod conprising: a step of switching the notor rpmcontrol froma
control based on the signal read by the pick ontral %ased on the

: . up.,to_a
rpn1oflm$ﬁ¥¢ﬁﬁ%wtﬂﬂnﬁﬁF9Q9cﬁﬁ%ﬂﬁkﬁiWRFQQN§QW$ﬁP&EF§C?§rFoapgf B8 turning
off the focusing servo;, a step of changing the rpmof the notor so that the
rpm of cemlerobtfor dhangiang gihe FPm Hf 0P ThefBRedNSREUCESgENS pm a
step of starting the focusing servo; and a step of switching the notor rpm
cont r otrdckimg eonturmllsr ddsdw dmarhe i kher terekibgoseddPeLiedSy the rpm
detector to the control based on the signal read by the pickup.
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the optical pickup 13 by the focusing controller 19 should be

turned off or not, on the basis of the absolute value of a

difference between the target rpm of the spindle motor 11, and
?“) the rpm before being changed, which is obtained from the Hall
element 12 through the second spindle motor controller 23. Then,
on the basis of the decision, the controller 27 instructs the
focus controller 19 to turn off or continue the focusing servo.

Next, the operation of the optical disk drive for
controlling the rpm will be described. Since the operation of
the drive when the rpm of the spindle motor 11 should be kept
constant is identical to that described for the first embodiment,
it will be omitted in this third embodiment.

Figure 4 is a flowchart illustrating the control operation
when changing the rpm of the spindle motor 11 by the controller
27, the first spindle motor controller 22, and the second spindle
motor controller 23 which are included in the optical disk drive
according to the third embodiment of the invention. Hereinafter,

a description will be given of the case where the rpm of the

spindle motor 11 is changed, with reference to figure 4.

Initially, when a request for changing the rpm is supplied
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dditi to g%i—gf%y%%oé@aeki%ﬁoé@r@%i When only the tracking
servo is turned off while performing the focusing servo during
changing of the rpm of the spindle motor 11, the laser beam
emitted from the optical pickup 13 does not follow the grooves
formed on the optical disk 10 in the direction of the radius, but
follows the grooves in the direction of the rotation axis. Since
the grooves are spirally formed on the optical disk, the laser

beam emitted from the optical pickup is forced to intensively
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follow the grooves in the direction of the rotation axis. As the

result, a great load is put on the actuator that drives the lens

of the optical pickup. However, the process and time required

for turn-off and resumption of focusing servo are not increased.

On the other hand, when both of tracking servo and focusing servo

are turned off, since the laser beam emitted from the optical

pickup does not follow the grooves in the direction of the radius

of the optical disk as well as in the direction of.the rotation
~ ) axis, no load is put on the actuator. However, the process and
time required for turn-off and resumption of focusing servo are
increased. That is, when the focusing servo, which has once been
turned off, is resumed, the focusing servo might not operate
normally due to flaws on the optical disk or the like. In this
case, it is necessary to repeat the focusing servo starting
operation until the focusing servo is normally resumed, or it
takes much time to turn off and resume the focusing servo,
whereby the time required for changing the rpm of the spindle
motor 11 is increased. Hereinafter, a description will be given
of the branch decision of the two types of servo turn-off (step
S44)-.

Initially, the controller 27 calculates a.difference between
the rpm of the spindle motor 11 before it is changed, and the
target rpm. Then, the absolute value of this difference is

compared with a predetermined threshold. When the absolute value

of the difference is smaller than the threshold, only the
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absolute value of the difference is equal to or larger than the
threshold, the focusing servo as well as the tracking servo are
turned off (step S46).

Therefore, when the rpm of the spindle motor 11 is
substantially changed, i.e., when the absolute value of the
difference between the rpm of the spindle motor 11 before being
changed and the target rpm is equal to or larger than the
threshold, the load on the actuator 14 can be reduced by turning
both of tracking servo and focusing servo off.

Further, when the rpm of the spindle motor 11 is not
substantially changed, i.e., when the absolute value of the
difference between the rpm of the spindle motor 11 before being
changed and the target rpm is smaller than the threshold, since
the load on the actuator 14 is relatively small, the process and
time required for turn-off and resumption of the focusing servo
can be reduced by turning only the tracking servo off.

Accordingly, a reduction in the load on the actuator 14 is
realized by the relatively simple process of comparing the amount
of change in the rpm with the threshold. As for the threshold, a
value most suited to the performance of the optical disk should
be obtained in advance, according to the difference in the rpm
that is required for changing the rpm of the optical disk 10, by

calculation or simulation, considering the influence of ON/OFF of

the focusing servo on the performance of the optical disk.
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Next, the second spindle motor controller 23 checks whether
the spindle motor 11 has reached the target rpm or not, on the
basis of the FG signal obtained from the Hall element 12 (step
S47) . When the spindle motor 11 has reached the target rpm, the
second spindle motor controller 23 notified the controller 27
that the spindle motor 11 has reached the target rpm. On receipt
of this notification, the controller 27 instructs the focusing
controller 19 to turn on the focusing servo if the focusing servo

‘ ) is not carried out during changing of the rpm. Further, the
controller 27 also instructs the tracking;controller 18 to turn
on the tracking servo (step S48), thereby resuming the operation
in which the laser beam emitted from the lens of the optical
pickup follows the grooves formed on the optical disk.
Subsequently, the servo of the spindle motor 11 is switched from
the servo by the second spindle motor controller 23 to the servo
by the first spindle motor controller 22, whereby the spindle
servo is returned from the FG mode to the EFM servo or WOBBLE

i " servo that had been carried out before step S42 (step S49).

In the optical disk drive according to the third embodiment
of the invention, when changing the rpm of the spindle motor 11,
the controller 27 switches the spindle servo from the EFM servo
or the WOBBLE servo performed by the first spindle motor
controller 22 to the FG servo performed by the second spindle
motor controller 23, and the controller 27 turns off the tracking

servo by the tracking controller 18 so that no tracking servo of
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the optical pickup 13 is carried out while the rpm is changed.
Therefore, no tracking servo of the optical pickup 13 is carried
out during changing of the rpm, whereby the same effects as those
described for the first embodiment are achieved.
Furthermore, the absolute value of a difference between the
rpm of the spindle motor before being changed and the target rpm
is compared with a predetermined threshold by the controller 27,
and when the absolute value of the difference is equal to or
%‘) larger than the threshold value, the focusing servo by the
focusing controller 19 is turned off, and when it is smaller than
the threshold value, the focusing servo is continued. Thereby,
when the rpm of the spindle motor 11 is substantially changed,
the load on the actuator 14 can be reduced by turning the
focusing servo off. Further, when the rpm of the spindle motor
11 is not substantially changed, the focusing servo is not turned
off because the load on the actuator 14 is relatively small,
whereby the process and time required for turn-off and resumption
of the focusing servo are reduced. Accordingly, the selection as
to whether the focusing servo is turned off or nof is carried out
so that optimum result for the optical disk drive is achieved, by
the relatively simple process of comparing the amount of change
in the rpm with the threshold, considering the influence of
increases in the required process and time when.the focusing

servo is turned off, on the optical disk drive as well as the

influence of the load on the actuator 14 when the focusing servo
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the actuator 14 can be reduced without increasing the process and
time required for turn-off and resumption of the focusing servo.

While in this third embodiment turn-off or continuation of
focusing servo is decided on the basis of the amount of change in
the rpm in step S44, it may be decided on the basis of the time
required for changing the rpm of the spindle motor 11.
Hereinafter, a description will be given of the case where turn-
off or continuation of focusing servo is decided according to the
time required for changing the rpm.

The controller 27 obtains, in advance, the relationship
between the amount of change in the rpm of the spindle motor 11
and the time required for this change, and compares the current
rpm with the target rpm on the basis of this result to derive the
time required for changing the rpm. When the required time is
smaller than a predetermined threshold, the controller 27
instructs the tracking controller 18 to turn off the tracking
servo only (step S45), and when the required time is equal to or
larger than the threshold, the controller 27 instructs the
tracking controller 18 and the focusing controller 19 to turn off
the tracking servo and the focusing servo, respectively (step
S46) .

The load on the actuator 14 relating to driving of the lens

of the optical pickup 13 is in proportion to the time during

which only the tracking servo is turned off. For example,
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between the case where the rpm of the spindle motor 11 is
increased from 24X to 32X ana the case where the rpm is decreased
from 32X to 24X, although these cases have the same absolute
value of the difference between the rpm of the spindle motor |
before being changed and the target rpm, the time required for
changing the rpm is usually longer in the case of increasing the
rpm than in the case of decreasing the rpm. Accordingly, the
relationship between the amount of change in the rpm of the
) spindle motor and the time required for the change is previously
measured for both cases of increasing and decreasing the rpm, and
the required times are stored. Then, the time required for
changing the current rpm of the spindle motor is derived using
the result, and the derived time is compared with a threshold
value that has previously been obtained so as to be an optimum
value for the performance of the optical disk drive, considering
the influence of ON/OFF of the focusing servo according to the
time for changing the rpm, on the performance of the optical disk,
whereby it is decided whether the focusing servo is turned off or
continued. Although a decision process a little complicated as
compared with the decision process in step S44 is required by
performing this step instead of step S44, the load on the
actuator when the focusing servo is not turned off can be decided
more accurately, and selection as to whether the focusing servo

is to be turned off or not can be carried out more appropriately,

whereby the load on the actuator can be reduced with reliability
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without increasing the process and time required for turn-off and
resumption of focusing servo.
EMBODIMENT 4.

In an optical disk drive according to a fourth embodiment of
the present invention, focusing servo is turned off when changing
the rpm of the spindle motor, and it is resumed before the
spindle motor reaches the target rpm. Thereby the time from when
the spindle motor reaches the target rpm to when the focusing
servo is operated, which time is required for keeping the rpm of
the optical disk constant, is reduced, whereby the time required
for changing the rpm of the spindle motor can be reduced.

Figure 9 is a block diagram illustrating the construction of
an optical disk drive according to a fourth embodiment of the
present invention. In figure 9, the same reference numerals as
those shown in figure 1 denote the same or corresponding parts.
The optical disk drive according to this fourth embodiment is
different from the optical disk drive according to the first
embodiment in that a controller 28 is provided instead of the
controller 25.

The controller 28 performs control as follows, on the basis
of a signal instructing the controller 28 to change the rpm of
the spindle motor 11, which signal is supplied from the outside
through the input terminal 24. When the optical pickup 13 should
be moved to a data reading position or writing position, the

controller 28 instructs the tracking controller 18 to move the
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motor 11 should be rotated at a constant rpm, the controller 28
instructs the first spindle motor controller 22 to perform
control for keeping the rpm of the spindle motor 11 constant, and
instructs the tracking controller 18 and the focusing controller
19 to perform tracking servo and focusing servo of the optical
pickup 13, respectively. Further, while the rpm of the spindle
motor 11 is changed, the controller 28 instructs the second
spindle motor controller 23 to perform control for changing the
rpm of the motor, and instructs the focusing controller 19 to
turn off the focusing servo of the optical pickup 13 so that no
focusing servo is carried out, and instructs the focusing
controller 19 to resume the focusing servo before the spindle
motor 11 reaches the target rpm.

Next, the operation of the optical disk drive for
controlling the rpm will be described. Since the operation of
the drive when the rpm of the spindle motor 11 is kept constant
is identical to that described for the first embodiment, it will
be omitted in this fourth embodiment.

Figure 5 is a flowchart illustrating the control operation
of the drive when the rpm of the spindle motor 11 is changed by
the controller 28, the first spindle motor controller 22, and the
second spindle motor controller 23, which are included in the

optical disk drive according to the fourth embodiment.

Hereinafter, a description will be given of the case where the
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rpm of the spindle motor 11 is changed, with reference to figure
5.

Initially, when a request for changing-the rpm is oufputted
from a host computer or the like, the controller 28 calculates
the cycle of the FG signal corresponding to the target rpm (step
S50). Next, the controller 28 sets the target FG cycle obtained
in step S50, in the second spindle motor controller 23 that
performs FG servo (step S51). Next, the controller 28 changes
the spindle servo, which has been executed by the EFM servo or
WOBBLE servo of the first spindle motor controller 22, to the FG
servo of the second spindle motor controller 23 (step S52),
whereby the FG servo is carried out by the second spindlé motor
controller 23 (step S53). Thereby, the spindle motor 11 starts
to accelerate or decelerate the revolution toward the target rpm.
Next, the controller 28 instructs the tracking controller 18 and
the focusing controller 19 to turn off the tracking servo and the
focusing servo, respectively (step S54), whereby the lens of the
optical pickup 13 stops the following of the grooves in the
direction of the radius of the optical disk 10 aﬁd in the
direction of the rotation axis of the optical disk 10, and the
lens remains at that position.

The controller 28 multiplies the target rpm of the spindle
motor 11 to be obtained after changing the rpm, by a

predetermined number, to obtain a predetermined rpm (hereinafter

referred to as a first target), and sets this first target in the
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second spindle motor controller 23. The predetermined number
should be selected so that the first target is positioned before
the target rpm. The second spindle motor controller 23 checks
whether the rpm of the spindle motor 11 has reached the first
target or not, on the basis of the FG signal obtained from the
Hall element 12 (step S55).
Subsequently, when the rpm of the spindle motor 11 has
reached the first target, the focusing servo is turned on. That
: ) is, according to an instruction from the controller 28, the
focusing controller 19 turns on the focusing servo, during
rotation of the spindle motor 11, before the spindle motor 11
reaches the target rpm (step S56). Thereby, the first target at
which the focusing servo is to be started can be obtained by the
simple process of multiplying the target rpm by a predetermined
number. By resuming the focusing servo at this first target, the
focusing servo can be resumed before the spindle motor 11 reaches
the target rpm.' Therefore, as compared with the case where the
focusing servo is resumed after the spindle motor 11 has reached
the target rpm and the optical disk 10 is rotated at a constant
rpm by the WOBBLE servo or EFM servo, the time required until the
focusing servo goes into normal operation is reduced, whereby the
time required for changing the rpm of the spindle motor 11 can be
reduced. Further, although the lens of the optical pickup 13
starts the following in the direction of the rotation axis of the

optical disk 10, it does not perform the following in the
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direction of the radius of the optical disk 10 because the
tracking servo is off at this point of time. Accordingly,
during this operation, the tracking position does not change.

Next, the second spindle motor controller 23 checks whether
the spindle motor 13 has reached the final target rpm or not, on
the basis of the FG signal obtained from the Hall element 12
(step S57). When the spindle motor 13 has reached the final
target rpm, the second spindle motor controller 23 notifies the
controller 28 that the spindle motor 13 has reached the final
target rpm. On receipt of this notification, the controiler 28
instructs the tracking controller 18 to turn on the tracking
servo (step S58). Subsequently, the controller 28 changes the
spindle servo from the FG ﬁode to the mode which had been carried
out before step 52 (step S39).

In the optical disk drive according to the fourth embodiment,
when changing the rpm of the spindle motor 11, the controller 28
switches the spindle servo from the EFM servo or WOBBLE servo by
the first spindle motor controller 22 to the FG servo by the
second spindle motor controller 23, and the controller 27 turns
of the tracking servo and the focusing servo by the tracking
controller 18 and the focusing controller 19 so that the optical
pickup 13 does not perform the tracking servo and focusing servo
when the rpm is changed, whereby the same effects as described

for the first and second embodiments are achieved.

Furthermore, the target rpm of the spindle motor 11 is

h
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multiplied by a predetermined number to obtain a first target
that is positioned before the target rpm, and the focusing servo
is performed when the rpm of the spindle motor 11 reaches the
first target. Thereby, the first target at which the focusing
servo should be started can be obtained by the simple process of
multiplying the target rpm by a predetermined number, and the
change of the rpm of the spindle motor 11 and the focusing servo
operation are carried out simultaneously by starting the focusing
servo at this first target. Therefore, as compared with the case
where the focusing servo is started after the spindle motor 11
has reached the target rpm and the optical disk 10 is rotated at
a constant rpm by the WOBBLE servo or EFM servo, the time
required until the focusing servo goes into operation, which time
is required for keeping the rpm of the optical disk 10 constant,
is reduced, whereby the time required for changing the rpm of the
spindle motor 11, i.e., the time required from when the rpm
change is started to when the spindle motor is rotated at a
constant rpm, can be reduced.

Furthermore, in the fourth embodiment, the focusing servo is
resumed when changing the rpm, on the basis of the first target
that is obtained by multiplying the target rpm by a predetermined
number. In the present invention, however, the following process
may be performed instead of step S55. That is, the time required
for changing the rpm of the spindle motor 11 from the start of

this change is previously calculated by the controller 28, and a
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predetermined time is subtracted from the required time to obtain
a first target, and it is decided whether the rpm has reached
this first target or not. When the rpm has reached the first
target, the focusing servo is turned on in step $56. The
predetermined time to be subtracted from the required time is the
time required from when the focusing servo is startéd to when the
focusing servo goes into the normal state, and this time is
approximately constant. Accordingly, the time required for the
7H) focusing servo operation is subtracted from the time required for
changing the rpm of the spindle motor 11, and the time so
calculated is used as the focusing servo starting time, whereby
the rpm change completion time coincides with the focusing
operation completion time, and the time during which the focusing
servo is carried out while changing the rpm of the spindle motor

11 can be minimized.

While in the first to fourth embodiments the spindle motor

and the pickup are controlled using the tracking controller 18,
) the focusing controller 19, the first spindle motor controller 22,

the second spindle motor controller 23, and the controllers 25 to
28, in the present invention these controllers may be implemented
by a single controller or plural controllers. Also in this case,
the same effects as those described for the first to fourth
embodiments are achieved.

Further, in the present invention, these controllers may be

implemented by a CPU (Central Processing Unit), and the spindle
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case, the same effects as those described for the first to fourth

embodiments are achieved.

APPLICABILITY IN INDUSTORY
As described above, the optical disk drive and the method
for controlling the optical disk drive according to the present
invention are suitable as an optical disk drive and an optical
f-) disk drive control method for playing or playing and recording

optical disks such as CD-ROM, CD-RW, DVD (Digital Versatile Disc)

and the like.
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CLAIMS

1. An optical disk drive comprising:

a motor for rotationally driving an optical disk;

a pickup for reading a signal from the optical disk, said
pickup being mounted movably with respect to the optical disk;

a rpm detector for detecting the rpm of the motor;

a tracking control means for performing tracking servo of the
l;) pickup on the basis of the signal which is read by the pickup;

a first motor contfol means for detecting the rpm of the
motor from the signal read by the pickup, and controlling the rpm
of the motor on the basis of the detected rpm;

a second motor control means for controlling the rpm of the

motor on the basis of the rpm which is detected by the rpm

detector; and

a control means for, when the rpm of the motor is to be kept
constant, making the first motor control means perform a control
for keeping the rpm of the motor constant, and making the

"tracking control means perform the tracking servo of the pickup,
and when the rpm of the motor is to be changed, said control
means making the second motor control means perform a control for
changing the rpm of the motor, and making the tracking control

means turn off the tracking servo of the pickup while the rpm is

being changed.
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2. An optical disk drive as defined in Claim 1, wherein said
control means turns off the tracking servo performed by the
tracking control means, after the motor rpm control is switched
from the control by the first motor control means to the control

by the second motor control means.

3. An optical disk drive as defined in Claim 1 further
comprising:
) a focusing control means for performing focusing servo of the
pickup on the basis of the signal which is read by ‘the pickup;‘
wherein said control means makes the focusing control means
perform the focusing servo of the pickup when the rpm of the
motor is to be kept constant or when the rpm of the motor is to

be changed.

4. BAn optical disk drive as defined in Claim 1 further
comprising:

) a focusing control means for performing focusing servo of the
pickup on the basis of the signal which is read by the pickup;

wherein, when the rpm of the motor is to be kept constant,

said control means makes the focusing control means perform the
focusing servo of the pickup, and when the rpm of the motor is to
be changed, said control means decides whether the focusing
control means should perform the focusing servo or turn off the

focusing servo while the rpm is being changed, according to the
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condition of the rpm of the optical disk, and then instructs the

focusing control means to perform the decided operation.

5. An optical disk drive as defined in Claim 4, wherein said
control means decidés whether the focusing control means should
perform the focusing servo or turn off the focusing servo, on the
bésis of the absolute value of a difference between the rpm of

the motor before being changed and the target rpm.

6. The optical disk drive as defined in Claim 4, wherein said
control means decides whether the focusing control means should
perform the focusing servo or turn off the focusing servo, on the

basis of the time required for changing the rpm of the motor.

7. An optical disk drive comprising:
a motor for rotationally driving an optical disk;
h a pickup for reading a signal from the optical disk, said
) pickup being mounted movably with respect to the optical disk;
a rpm detector for detecting the rpm of the motor;
a focusing control means for performing focusing servo of the
pickup on the basis of the signal which is read by the pickup:;
a first motor control means.for detecting the rpm of the
motor from the signal read by the pickup, and controlling the rpm
of the motor on the basis of the detected rpm;

a second motor control means for controlling the rpm of the
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motor on the basis of the rpm detected by the rpm detector; and
a control means for, when the rpm of the motor is to be kept
constant, making the first motor control means perform a control
for keeping the rpm of the motor constant, and making the
focusing control means perform the focusing servo of the pickup:
and when the rpm of the motor is to be changed, said control
means making the second motor control means perform a control for
changing the rpm of the motor, and making the focusing control

} ) means to turn off the focusing servo of the pickup while the rpm

is being changed.

8. An optical disk drive as defined in Claim 7, wherein said
control means turns off the focusing servo performed by the
focusing control means after the motor rpm control is switched
from the control by the first motor control means to the control

by the second motor control means.

) 9. An optical disk drive as defined in Claim 7 further
comprising:
a tracking control means for performing tracking servo of the
pickup on the basis of the signal which is read by the pickup;
wherein, when the rpm of the motor is to be kept constant,
said control means makes the tracking control means perform the
tracking servo of the pickup; and when the rpm of the motor is to

be changed, said control means switches the motor control from
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the control by the first motor control means to_the_control by
the second motor control means, and then makes the tracking
control means turn off the tracking servo of the pickup and,

thereafter, makes the focusing control means turn off the

focusing servo.

10. An optical disk drive as defined in Claim 7, wherein said
control means makes the focusing control means turn off the
focusing servo when the rpm of the motor is to be changed, and

makes. the focusing control means resume the focusing servo before

the motor reaches the target rpm.

11. An optical disk drive as defined in Claim 10, wherein said
control means sets a point of time when the focusing control
means should start the focusing servo, at a point of time when
the rpm of the motor being changed is equal to a rpm which is
obtained by multiplying the target rpm by a predetermined number

and is positioned between the rpm before being changed and the

target rpm.

12. BAn optical disk drive as defined in Claim 10, wherein said
control means decides the point of time when the focusing control
means should start the focusing servo, on the basis of the time

required until the rpm of the motor reaches the target rpm.
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* 13. A method for controlling an optical disk drive comprising a
motor for rotationally driving an optical disk, a pickup for
reading a signal from the optical disk, which is mounted movably
with respect to the optical disk, and a rpm detector for

detecting the rpm of the motor, and said optical disk drive
performing tracking servo of the pickup and controlling the rpm

of the motor on the basis of the signal read by the pickup when
the optical disk is to be rotated at a constant rpm, and

when the rpm of the optical disk is to be changed, said
optical disk drive control method comprising:

a step of switching the motor rpm control from a control
based on the signal read by the pickup to a control based on the
rpm of the motor which is detected by the rpm detector;

a step of turning off the tracking servo;

a step of changing the rpm of the motor so that the rpm of
the motor detected by the rpm detector becomes equal to the
target rpm;

a step of starting the tracking servo; and

a step of switching the motor rpm control from the control

based on the rpm of the motor detected by the rpm detector to the

control based on the signal read by the pickup.

14. A method for controlling an optical disk drive comprising a
motor for rotationally driving an optical disk, a pickup for

reading a signal from the optical disk, which is mounted movably
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performing tracking servo of the pickup and controlling the rpm
of the motor on the basis of the signal read by the pickup when
the optical disk is to be rotated at a constant rpm, and
when the rpm of the optical disk is to be changed, said
optical disk drive control method comprising:
a step of switching the motor rpm control from a control
) based on the signal read by the pickup to a control based on the
rpm of the motor which is detected by the rpm detector;
a step of turning off the focusing servo;
a step of changing the rpm of the motor so that the rpm of
the motor detected by the rpm detector becomes the target rpm;
a step of starting the focusing servo; and

a step of switching the motor rpm control from the control

based on the rpm of the motor detected by the rpm detector to the

control based on the signal read by the pickup.



