re3e}t.:6FTX # OPTICAL DI SC RECORDI NG AND REPRODUCI NG APPARATUS Fi el d of
the Invention The present invention relates to an optical di in
and reproduci ng apparatus having at |east either a function m’”’"@ﬁﬂﬂm@
information on an optical disc or a function of reproducing Into

recorded on the optical disc, and in padticular, to an optical di%es*
recordi ng and reproduci ng apparatus capable of nore effective tracking
control. Background of the Invention Tracking control in Iﬂmﬂmwﬂmﬂmm
optical disc recording and reproducin% apparatus wll be th
reference to FIG 7. As shown in SPECIFICANIONptical disc reewwdi ng and
reproduci ng apparatus_is conprised of an optical _disc 1, a spindle notor 2
f or rotating1%&?%B?PEaPI§Fg§Ef,%ﬂiqﬁnﬁ%%lR%?BQaﬂcgNﬁaﬁﬂﬂfé§QQ%mking
actuator 4 capable of noving an objective lens 3 in a radial direction of

the optical disc 1, to record and reproduce signals on and fromthe opti cal

disc 1, a trigkk qhgv sectioH 6 for driving the tracking actuator 4, a
t racki ng ef 5 S|§ﬁ§I ge ‘$%9?h% section 7 for generating a tracking error

si gnal a_ 1 rom @, phot adenectiot, ol L2 pm LhexBPhpcal dlicehul i and a

tracking contro tron etermning a gain, a frequency -2
characteri sbkb6rddRy AnN3H IS dSb4Fat 89UhAOYnGORtCOBRERVBYS hibracki ng

on the optical disc 1. Here, a tracking control operation of this optical

di sc recordi pgnadoheprodbebha iaRPanFoHmad idn ke desopthedbaliew Jd at he
state where the optical disc 1 is rotated by the spindle notor 2, the

optical disanttiisn brfadepredudiinfy Lagermdatgiin freicamiad dimmgheeppedeatli on
which is controlled to focus on the optical disc 1. The tracking error

si gnal genéiati ngnsledin qrart Demkant esot he bpadidalg disorrecgnding baged on
a photodetector signal fromthe optical pickup 5. Based on the tracking
error si gnaepaoduchiag targukialgusonapableeotfi owrd Rifpfpd¢eive herackdkng
actuator 4 of the optical pickup 5 with a signal having a gain, a frequency
char act eri 8PRErodnd a phase characteristic required for continuous tracking
on the optical disc 1, thereby controlling the tracking drive section 6 to
performa tracking operation. In such an optical disc recording and ’

repr oduci ng_appar.at us, entering, of the optical disc, decentering
BrBRBERERES I ey Chvfde

occurring thlicked onto a drive notor, an axi al

oL Eet oo i, PLRERAG PORehlc 1% SaageRcignus spplcall s gt cal spo

recording and reproducing apparatus will be described with
reference to FIG. 7. As shown in FIG. 7, this optical disc
recording and reproducing apparatus is comprised of an
optical disc 1, a spindle motor 2 for rotating the optical
disc 1, an optical pickup 5 having a tracking actuator 4
capable of moving an objective lens 3 in a radial direction
of the optical disc 1, to record and reproduce signals on and
from the optical disc 1, a trackingdrive section 6 for driving
the tracking actuator 4, a tracking error signal generating
section 7 for generating a tracking error signal a from a

photodetector signal from the optical pickup 5, and a tracking

control section 8 for determining a gain, a frequency



The tracking error signal a, which is generated under the above conditions,
is shown in FIG 8 (a) . As shown in FIG 8 ( b ) , when a center line is
an optical spot on the sane track, the optical spot traces positions on the
di sc which are - 3 wvertically offset fromthe center line. FIGS. 8(a)
and (b) are interrelated. Wth the abev2 eccentricity existing, if the
on-thetrack target is a spiral track of the optical disc 1, which is
rotated by the spindle notor 2, |s di sadvant ageously inpossible to
determne with which of the tlmn in FIG 8 (b, the on-the- track

oper ati on $BapREEBKAEGICThaNd @ %nCP%aFF&&%S&ﬁé’r a‘t?‘l}h“?% rBR8om y
performed, and,an onthe-track p05|t|on on thi gl sc be an arbitrary one

on the di S%O?FaEBogﬁoMalcr’iuﬂqGorB( e APHiFe l&ﬁa recel ved by the
tracki ng act uat}f)r 4 i medi % bef or%Ithe Q thnet (rjtaglﬁl opergtl QR |sstéree
fromcontrol i % & $&3% ld} E&F ?@r?traﬁ WG tRa® SBert&th oﬂ%

i dt t t b { t Kj tr ol
2293;{& f%?%‘%?tﬁé%t??r%@ B ERH A A S0 B B kEEbECEEIBE - o (e
di sc. RBRLE WAL ALK AW BRI af8c! 1] @eP%QQtéHe@%%%@EﬁanQé' tion

of an eccentr|0| y range o ptical disc 1 en th n-the-track

operation moztafrtorﬂﬁé 8 tacraq' Rt R 1t 1%&&1?&’1%@'@9thol§sébolightpe“ od
of the tracking error signal a_ as shown in FIG a) , and the tracking

actuator 4gbs POShEHEOAGYH riRyp reHurE Fork & {@h p@fc§¢@ﬂroilbﬂst60\feﬁf&@tohange
as a reference position, as shown in FIG 9(b). Then, the tracking actuator
4 is novedciepepdinglodilshe omhe afrecictmd recroy Bﬁ.gtnradclgdmemmgil n the
on-the-track state in a fashion followi ng the eccentricity of the optical
disc 1. | rnseédtsonaiegenkeatesckinyg tarcking @rnovesignadind bheedepnr al -
4 position of its novenment range over a di stance corresponding to the
anount of pketadetertpr shgnabytrenitde sgtdsadppisfiipate tB%t%‘Rgrﬁjl shate.

I f, however, tracking control is turned on at aa nmaxi num di spl acenent

posi ti on o't—r@%tﬁléﬁt pEFOIdissanal thent RBetEACKdNGr £ARHRY a2 $Sh1PR Per f or med

t t of t di t d of the t
3 gnal & ”a%l?gattﬁ”?.%étrﬁfel“@lgtéé‘ga%ﬁb?mﬁ”gP;cﬁﬁégoc’%fm FioRE LR oned

f d
rochen SR 4 e AR el
moved ar oung %Qbﬁegg%lﬁl {qﬁp i "o PN pttt AR t&thtg t her eby
? e on- rac Jf

mai nt ai ni ng erna ion fol ovmng he eccentricity
of the Pp_tb %cgtsaléc N tHesed eeottb%otttt%la RhAE R RIng aPYHs around
the positio istant fromthe center of its novenent range over a distance
correspondg;@gtg_gnt het@nwfd&me&ceﬁaékaht;yopﬁ&atﬁ”iatnl he tracki ng actuator
4 is substantially displaced at a point A, showmn in FIG 10 (b) , resulting
in an unstabl e in askéhgant ape ilcalr etiise tdéeondingaepdofrepmducioky ng error
signal. In addition, if tracking control is turned on at a m nimum

di spl acemeapppuaittisen deficdriening caf thecopticede dlispi adepentesinghe
tracking actuator 4 can al so be assuned to increase, thereby

di sadvant a@eeusryngi vhen stiagpticadcdiracys ehudted PALR ﬁgil’elr‘f%F‘°§P§nal
Thus, it is contenplated that the novenent g f the trackl ng act uat or 4
may be |nc‘?@:a§§élat-o°55{5§fcn°§ §P§bl“8tf’|rac|9rn§%ﬁ if"&eﬁﬁ‘ﬁé( fogus

extremel y dlf ']I.Iledl noptteircna‘t;l spot to trace across different tracks

instead of a same track.

The tracking error signal a, which is generated under
the above conditions, is shown in FIG. 8(a). As shown in FIG.
8(b), when a center line is an optical spot on the same track,

the optical spot traces positions on the disc which are



Substitute Sheet - 5 - - 27 February 2003 of optics, nechanics, and
assenbly accuracy to increase the novenent range to the extent that a
stabl e tracki ng performance can be obtained. Another problemis that the
accuracy of the tracking error signal decreases according as 5 the distance
fromthe center of the novenent range-idcreases. It is an object of the
present invention to provide an optical disc recording and reproducing
apparatus that inproves the accuracy and stability of tracking control for

10 an eccentric disc. Sunnar¥ of the Invention An optical disc recording
and repr odRY wiCappurf figetsireRotBEngeRberhblpResehiGPnvBAR) oA s(B) ovi ded
with control neans foa starting tracking control by positioning the center

of a noverfdit +RAhGEL6f24Sfracki ng actuator exactly or substantially at the
Advant ageous y Vo i Wt RHER: CaF LR ARG TTAE ChRent FEeFDS BP—§%racki ng
racki ng avidtort e Be iR A E R e R TRl (PR a T et POP el

eccentti o B oo e e TR B e o RS Ped tan Soptrenl A S R i g

and repr odigl s APPar HeteMMSkAgh whiéROE BleacikPhgs HPFIREr4PEM Ng a
tracki ng operation for an optical disc; 30 a tracking control section for

driving saikk té@ckhagt2ebuabplerst i f D& partoamking opatatikgntipesed on a

tracking error signal detected fromthe optical disc; and Substitute

Sheet - 6 on-tRe-tebekaopez@@3Ion is randomly performed, and an on-
the-track position on the disc will be an arbitrary one on
the disc trace shown in FIG. 8(b). A drive signal received
by the tracking actuator 4 immediately before the on-the-
track operation is free from control if the disc is placed
horizontally, so that operations required to maintain the
subsequent tracking control of the tracking actuator 4
significantly vary depending on the on-the-track position on
the disc.

If, for example, tracking control is turned on at a

central position of an eccentricity range of the optical disc
1, then the on-the-track operation is performed at a point
of time corresponding to a shorter period of the trackingerror
signal a as shown in FIG. 9(a), and the tracking actuator 4
is positioned by using a central portion of its movement range
as a reference position, as shown in FIG. 9(b). Then, the
tracking actuator 4 is moved depending on the amount of
eccentricity of track to maintain the on-the-track state in

a fashion following the eccentricity of the optical disc 1.

In this case, the tracking actuator 4 moves around the central



control neans for starting tracking control by positioning the center of a
novenent range of said tracking actuator exactly or substantially at the
center of an eccentricity range caused by disc rotations, wherein said 5
control means neasures a period of tracking error signal originating from
an eccentric error associated with disc4rotations and detects a change
timng corresponding to a nei ghborhood of a m ni mum val ue of the neasured
period to provide such a control as to close a |loop of a tracking 10
control systemat a Pqint of tinme indicated b% ai d detected tiniag. Thus,
tracki ng cRPEFbIOBN be T HRVERRN Yy T&NA5 QVEL éﬁl%?ﬁ%?et%rc%%??% B8si tion
of the disc egc entrici%y, ther%§{ enab ingtﬁtab e trﬁﬁkin. control within a
smal | mover@ntPes3PgHEE 8F G5 U bYY t ot P RPFEVe 2R A &Y and
stability of trackin antrol, for an eccentric disc. Advantageously,
OBriaReor sk

stabl e tra%%)%g oItr e psrtoa\llii‘%l‘ed within a small novenent range of

the actuator taod npy e i e_tr i ntr ol
for an 20 ecce%tfr’lnglo |e§70%1'h’ %%Kﬁ%t%%e?bﬂé Etu%nfgc%y}tgttgr ggﬁ%ﬁ%@@ _
Preferabl yy; §hEaCOREHR! pRRANS FHPBY I 888 0P EEATSHLRCK JaNRIAtLRG GhLCUit
for generating a cross-Frack signal for a track error signal having a

peri odi ci tyhébetapkovbees tSWICIPpSIFSHhBAr ataki pbigft dMidiefor rotating
the 5 optical disc; nmeasuring neans for measuring a period of the
cross-trackosrgspbnddagecs iohong@rspéod oded Edtieng rachdinghbarbeoslighad

m ni rum val ue of the period; and a tracking timng generating circuit for
comandi na tde shawki ng FdGt.r dlo (sext i amdt bhet &rackhaqgt maskiakpoperasi on at
10 a point of time corresponding to the nei ghborhood of the m ni mum val ue
of the perp@ditihned waéngoas ralrekerence pepibiencd peabtieonrdiktagt
control. Preferably, generation nmeans is provided for generating a rotation
synchr oni Z¥FeR ibghaentersgfckr D MoMANG T th Iagd i 8 SCWR YhEIfpt gﬁ’ (Pbr
rotating the optical disc, and wherein the control nmeans jis configured to

I
conpri se mEREHri WS tHA PRI PRI RGFUACPFal ki ARV EO AL YRl LR # POFLFFOM an
tric- . i,ated with di tations; d t] lati
betwoen nelElrRdi PRSI e SBP Uk R SRUCHE AR Tt RRY A ST HELAG oo
and a pos'{ﬁQ“oﬁt-t}ﬁ"E'—%QaE*ke.srt%ttaé'PrE' éYESQéQBPZEBﬁl%R&'}Pq d1fe generated, and
storing these correlations in a menory; and closing the 1oop of the
tracking CoitERtr¥3EGTHRL t%eOQip%i@:IltBﬂ?cCﬁ?r.refﬂoﬁﬂg.ggcta%et,h%he

nei ghbor hood of the ni mum val ue of the period, base ~ on a counted
nunber froftacKReA§UALBHakBreleRes dR0iatowdd tie iy att Don SYDNEHaARDI ELE
the center of its movement range over a distance corresponding
to the amount of eccentricity, so that the tracking actuator
4 is substantially displaced at a point A, shown in FIG. 10(b),"
resulting in anunstable tracking state to reduce the accuracy
of the tracking error signal. In addition, if tracking
control is turned on at a minimum displacement position of
the optical disc 1, the displacement of the tracking actuator
4 can also be assumed to increase, thereby disadvantageously
diminishing the accuracy of the tracking error signal.
Thus, it is contemplated that the movement range of the

tracking actuator 4 may be increased to obtain a stable

tracking performance, but it is extremely difficult in terms



_ g _ signal. As described above, the displacenment stemmng from
eccentricity of the tracking actuator is substantially mnim zed, and
tracking control can also be turned on at the central position of disc
eccentricity based on the counted nunber fromthe neasuri ngSubstifete8heetpoi nt
of the rotation synchronizing signal, t_hggeby enabl i ng st-adt Eebruayk2oog
control within a small novenent range of“the actuator. In particular, if
the sane disc remains installed wthout being renoved, the second and
subsequent tracking control operations can be perfornmed by generating and
out put t i nPfa PPBERF ngmeiCkiRRG C&i gridld bageembhY t RECEFeCyd toubicyarse. thei s

fi | | bl | d d
cxecutt on STV TR GEBSEEof ot G ng” ERE™Eor FER | ans. Betubbn ERBCKERSur ed

posi ti ons pafrfidemaresé neamarnsk mobtatedal ueAnothile mesh sk ofi st hehd ¢ aekieng
error signal and the_position at which the rotation synchronizigg.signal IS
gener at ed 3ETHIACE19F | hget RESEKEBIr EFFCToRL IR la FRIPRISCBr REFODRERTI BSi on

of the i _NQgS S oc i agyr owi aAg c ' i 0 f_an
opti caISDEiiEE\sMcéﬂlr e%g%g?ﬂéeancfarrée?r}or o%ﬁ%i n%eglgiggjr]a%ﬁs] a?::g%r dﬁ%\}%é%nbogﬁﬁgﬁt 1
of the presgedgaeention; FIG 2 is a block diagram show ng the
configuration of a mninumeccentricity detecting section according to

Enbodi ment 1; It 4 3R @PISCEs of fiRfyrBRFEABHI nevETSigNal t Nl EPbide ane
data concepfiing ssanbial RAId SRl tF 26K NGpoRti Y ACCUMIL L%  that

improves the accuracy and stability of tracking control for

10 an eccentric disc.
Summary of the Invention

An optical disc recording and reproducing apparatus

15 according to the present invention is provided with control
means for starting tracking control by positioning the
center of a movement range of a tracking actuator exactly or
substantially at the center of an eccentricity range caused
by disc rotations.

20 Advantageously, a displacement arising from the
eccentricity of a tracking actuator 1s substantially
minimized to enable the movement range of the tracking
actuator to be placed within a stable tracking control
range, thereby improving the accuracy and stability of

25 tracking control for an eccentric disc.

The present invention provides an optical disc recording
and reproducing apparatus comprising:

a tracking actuator for performing a tracking operation
for an optical disc;

30 a tracking control section for driving said tracking
aétuator to perform a tracking operation based on a tracking

error signal detected from the optical disc; and



Enbodiment 1; FIG 4 is a flowhart showi ng a process operation of a

m ni mum eccentricity detecting section according to Enbodinent 1; FIG 5 is
a bl ock diagram showi ng the configuration of an optical disc recording and
reproduci ng apparatus according to Enbodi ment 2 of the presSabstitute/Sheeaton;
FIG 6 is a diagram showi ng a signal wavgeform and data coriiefetirugryedanti al
parts of tracking control according to Enbodinment 2; FIG 7 is a block

di agram showi ng the configuration of a conventional optical disc recording

and reproduci ng apparatus; FIG 8 is a diagram showi ng, a trace of _an
optical spot ok oBF€&RFed WREN rdEAET O of LHRTptiTal Prddqls by

decent er e¢so H G o 4§ endi BALRAELSRAN NG5, SRYEEERLAGL E 5L At Qkacking

actuator exactly or substantially at the center of an
eccentricity range caused by disc rotations, wherein said

5 control means measures a period of tracking error signal
originating from an eccentric error associated with disc
rotations and detects a change timing corresponding to a
neighborhood of a minimum value of the measured period to
provide such a control as to close a loop of a tracking

10 control system at a point of time indicated by said detected
timing.

Thus, tracking control can be constantly stably turned
on at the central position of the disc eccentricity, thefeby
enabling stable tracking control within a small moVément

15 range of the actuator to improve the accuracy and stability
of the tracking control for an eccentric disc.

Advantageously, stable tracking control can be provided
within a small movement range of the actuator to improve the
accuracy and stability of the tracking control for an

20 eccentric disc.



observed when a tracking operation is started at an appropriate position;
and FIG 10 is a diagram showi ng a novenent of the actuator observed when a
tracking operation is started at an unstable position. Description of the
_Enbodi nent s - 10 An optical disc recording and reproduciSufstiptesSheets
according to the present invention wll.be described base®7drebsypary 2003
enbodi nents. (Enbodi nent 1) An optical disc recording and reproducing
apparatus according to Enbodiment 1, shown in FIG 1, has a tracking

actuator 4 for PQ%;F%%{% '&rr?%a?%%agg'hggogp%eaééé)”céﬁhrﬁgegptiacal:ﬁg%ggﬁné’ﬁf:gnd 2

tracki ng contral riving the trac g actuator rm

an tracki sgrepartatricpre haseik ofof easkaogner eorcrwggNalrarikled epigd fopmpt he
optical disc 1, simlarly to the above conventional exanple, but differs
t her ef r omtT@Phate P nf HeMR EccBAViNGi t f d@esddHF idett i U | Brpvddeged

whi ch I - (N ki
act uat or PGSR ARE LR A 0 The Rontr SB7 SR o RERRE RS, V¥hange

caused 5by ofiti¢alotdt s ®NSmeadlrshgWheahsFIfOr 2nedfer ihgi BUPLECNtSF CLh¥
detecting section 9 is conprised of a cross-track signal generating circuit
10 for gef&CASTFaEKer 08d9Radk sPRRAFLEBR a W9REKI nf W r oAe§ieghdnga_ a

havi ng a r:1.94] Cl h provides Sync ISm Wt tafl f a indle
not or 2 fgl%llgg)t%é)t%:h%c% h?fopta?cerﬁq‘gll sC 1&%%%05%\& P%lr(lzg p Jfa'?gcc)lgfneaaslf'}?i ng
circuit ltractking astimisgri ggnerandintor aieaswit ngfarperaamharidime the
cross-track signal, a rrealsur ed geri od m ni nrum val ue detecting circuit 15

acting as “dt Do rF PR fﬁ?CH_PécﬁquEP?kiﬁhﬁofﬁ 0¥ LERTA MR vaFue
Che' RLEEH o3 e LERRK el sdhpinang B nougl Lo ddidasa e
of time minimum wvalue of the period. Thus, the control means is
capable of stable tracking control.
Preferably, generation means is provided for generating
a rotation synchronizing signal in synchronism with rotation
15 of the motor for rotating the optical disc, and wherein the
control means is configured to comprise measuring the period
of a tracking error signal arising from an eccentric error
associated with disc ©rotations; detecting correlations
between measured positions of maximum and minimum values of
20 the period and a position at which the <rotation
synchronizing signal is' generated, and storing- these
correlations in a memory; and closing the loop of the
tracking control system at a point of time corresponding to
the neighborhood of the minimum wvalue of the period, based
25 on a counted number from a measuring reference point of the

rotation synchronizing



= 11 corresponding to a nei ghborhood of the m ni nrumval ue of the period.
The operation of this optical disc recording and reproduci ng apparatus w |l |
be descri bed bel ow. To nove an optical spot on the optical disc 1 at a
certain linear speed, the optical disc 1 allow ng the recording and
reproduction of |aser light for reprodu@tron/recording which is controlled
to focus on the optical disc 1, the spindle notor 2 is used to rotate the
optical disc 1. During rotations, the optical disc 1 is irradiated with the

focus-controlled | aser |ight ﬁhe optic spot_on the optjcal .disg 1 is
f ocused on®4A8%rece §e%e%§rébﬁ O?Bﬂg?ec F iﬁs%ﬁaﬁﬁ??egls FEREBISITPRe
t Ki [ I t ' .es the .t Kj

i anal 5 BaosntEaed et eartic cafan CH IR Fna Sostiea T SEBYS to

output it £9,5/8,k 89 £88 IE.irF]I SEREEBR 8afNth 40Nty BECERL LhE LY

acki
detection section Sf éhe trac error signal a_ has such a waveform as
shown in Fk&he363) FSH&tti%nd!ost qq@ceRicid e i ey AREE &G | O O e LEGU FEBEMUM

eccentricity detecting section 9 will be explained wwth reference to an

eccentri ci A¥mePetre¢triond OGRS | DVg hpé Eershewnpbink! 6f 4hdSassea efiohhe
tracking error signal a_, the cross-track generating circuit 10 generates

such a crosgnthaokiziignals iamashowhé ey Gendblbhg, stiable crgskaigr or the
like at a certain threshold. The cross-track signal has the sane period as
the trackiognerpdr withial aasmaild moveomsoseagndoroexangl actodtar. -I1i2
binary digital signal represented by "0" and "1" for easy digital
processi ngparhaculess- LE ddke pamed iscasempagscingtpl led wstboutchehngr to
nmeasure a period of the cross-track signal generated by the cross-track
si gnal genE®BPVRE . citheuistecrnd gietigiasayent ErackdghEFdyehg edges of
the cross-track signal and a reference frequency generator for generating a
hi gh freqd%ﬂ€§a§&PchFéHtg@opﬁ§§§Em§qiﬁ¥[ﬁ%QQﬁE%#%QrﬂP rQEEP?FgéRgs?gna
are used sp that the. counter or.the |jke is used to determ ne ho ny
pUlses. {1 oRF ERETPErCIEREE T1 Ut RAP SSEREr Bhor ARe T ERENEet biPneart ERese
edges. Thi 1 t I per.i.o e
cross-trac Oé?%ﬁgﬁggs&g?rle%%ﬁr%é: sz’Jés ‘ggﬁ\ivi%né%@%?39“%%3“?(9258{(%}%) are
illustrated.pn the 23eRulih Ylthe process of detecting the

correlations between the measured positions of the maximum

and minimum values of the period of the tracking error signal

and the position at which the rotation synchronizing signal

is generated and of storing these correlations in a memory.

Brief Description of the Drawings

FIG. 1 is a block diagram showing the configuration of
an optical disc recording and reproducing apparatus according
to Embodiment 1 of the present invention;

FIG. 2 is a block diagram showing the configuration of
a minimum eccentricity detecting section according to

Embodiment 1;



A circuit for determining if a neasured period val ue exceeds a set-val ue,
12, determ nes whether the period neasured by the cross-track period
determning circuit 11 exceeds an externally set value. This corresponds to
step S2, shown in FIG 4. Wien it is detected at step S2 that the neasured
period is larger than the set value, th® process deternmines a reference
point Pl1, shown in FIG 3(c), without branching to step S3. A neasured
period equal to a nmaxi mum val ue determning circuit 13 detern nes whet her
t he period neasured by the cross-track period nmeasuring circuit 11 has a
maxi mum val ue. Fifi s kdrr &spldadd am sfcapings a SHORR Y wadiedoumm and dafa|f jt
is not detected at step S2 that the neasure eri od exceeds the, set val ue,
then at stEPERNANGE&RTHERT 3 u%aB’Fst‘hg Rl PR I PRAB RIS to
obtain the reference point PL shown in FIG 3(c) as described above. A
measur ed E%W?%ﬁl%??chVon detecting circuit 14 detects whether the period

jh SECF‘ZZZFLS." **_?%.dé L e e AT LLIL L S
et her t?rﬁierp)?\?&rf? e.r.rsaﬁ!méﬁy %fettéaecfggée gfgaﬁfﬂesae&o?aihgsg%creaS' ng,

that is, equency i s I ncreasing. Ica , the me red value is
stored inmnpdPImERtdevice or the like n tinmes to determne, n tines,
whet her the period decreases as the tinme el apses. The neasured period

m ni num val ue defactl NG @i btk &3agdelhesHotdngmteleeonifigyurelt ash reasur ed
by the cross-track period nmeasuring circuit 11 has a mnimum value. This
correspondm pptie &bsctmmwrdindgh@d deprddusidgtaypa rnedu svaeidoard i
period neasured after the reference point P1 exhibits the m ni num val ue.
The m ni mbn \Ehked dfienhe2peorfi ¢dhec groesspondsnyentionki num val ue of the
frequency, and the start of a decrease in frequency neans the passage of

t he m ni mum valFd& -of6 tiise apdiagdanDsdeiniad as gaignadmviate fsfre|agpb athta me, a
poi nt P2 corresponds to the_ m nimumvalue of the period as shown in FIG 3.
A neasur eF MR- RBRAFFFER T Ladi Paabs btk ing GRINZGRS a9reXd I i er the
start of %P%%%ﬁion of the measuring/ determning/detecting circuit in the
Circuit 1ZMRPAIMENS 425 joternining if the measured period exceeds the

set -val ue, theg'f'gfsuir gd Beéggg&”lﬁéia%@m"%!h;é%fjﬁ%t g:%% trc.L%éffiir il de it e

measur ed- peri o rection ng Ci rcui sured period

m ni mum va) y& AeL £C16A91Cbp¢YIda1l¥isc recording and reproducing

apparatus;

FIG. 8 is a diagram showing a trace of an optical spot
on a disc observed when rotation of an optical disc is
decentered;

FIG. 9 is a diagram showing a movement of an actuator
observed when a tracking operation is started at an
appropriate position; and

FIG. 10 is a diagram showing a movement of the actuator
observed when a tracking operation is started at an unstable

position.

Description of the Embodiments



-The tracking timng generating circuit 17 outputs a tracking timng signal
to the tracking control section 8 at a point P2, shown in FIG 3 ( ¢ ) .
This corresponds to step S6, shown in FIG 4. At the point P2 shown in FIG
.3 (c ) , the tracking control section 8 outputs a signal to the tracking
drive section 6 so as to position the &Packing actuator 4 for tracking.
Based on the signal fromthe tracking control section 8, the tracking drive
section 6 supplies the tracking actuator 4 of the optical pickup 5 with a
signal having a gain, a frequency characteristic, and a
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so t hat trackiqg cgntrol i s.turned on at a central position of an
eccent ri cidy FRFGE" OF Fﬂgogﬁmﬁﬁasdisc 1. Thus, a tracking operation is
perfornmed at a I, Nt | corresponding to a shorter period of the
t racki ng error { Qﬁ%ﬂf@F%%nghomm in FIG 9(a), and the tracking actuator 4
i s positioned i . t PSSk i PEPLIRIE i K @Ng asaaukef erence
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t he -1 tuneh- n state of the track in a fashion follow ng the
eccentricijox witbher eptd pak roirag nd. a Ancanrkii mglopertateidn ol ag aeticabr 4
can maintain an appropriate tracking state because it is noved around the
central papiddon, ohndt a mweerkeintg reoweroleseatdpst Enfercdmrissigundii®y to t he
amount of the eccentricity. Wth this configuration, the tracking control
can be constarkipgsaabiptiour dedoopeatfomie ade ek ifkh iARR HEOR A gRd ¢
eccentricity, thereby enabling stable tracking control wthip a soall
movenment remge tfackinaceuuesrs igna hpd et erkedcEIPACh AP et $15C0f the
tracking control for an eccentric disc. (Enpodipent 2). An optical _disc
& B &8s
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acting as con means, n addition to the functions of m ni num

eccentri cifyeoqalpedt Mr 88Ce0EnEraegefdiaggedisedibyvaibohoot avions,
functions to detect correlations between neasured positions of nmaxi num and

m ni mum val ues 0§ ahdehi D Pict he, tilee ki ingimum crccemimai c aty siageétdnoan

eccentric error associated with disc rotations and a position at which the

rotation sysehtiemn B g comprised of a cross-track signal generating
circuit 10 for generating a cross-track signal for a tracking’
error signal a having a periodicity that provides synchronism
with rotation of a spindle motor 2 for rotating the optical
disc 1, a cross-track period measuring circuit 11 acting as
measuring means for measuring a period of the cross-track
signal, a measured period minimum value detecting circuit 15
acting as detection means for detecting a neighborhood of a
minimum value of the period, and a tracking timing generating

circuit 17 for commanding the tracking control section to

perform the tracking operation at a point of time



- 16 signal b is generated, to store these correlations in a nenory and to
close the loop of the tracking control systemat the point of tine
correspondi ng to the nei ghborhood of the m ni num val ue of the period, based
on a count nunber fromthe reference point Pl1, which is used as a nmeasuring
reference point of the rotation synchrddi zing signal b. The generation
nmeans 18 conprises an FG (Frequency Generator) sensor 18a for obtaining a
rotation signal for the spindle notor 2 and a spindle rotation

synchroni zi ng signal ,generating, section 18b for geperating a rotation
synchroniiFﬁgr%$©ﬂBﬂlggsE€haa%e%%BPOFHOPﬂGPf6?E?,m%%i@ﬂms?%%ﬁﬁd%fZ%%emjth
rotation of the spindle notor 2 generated by the FG sensor 18a. The
operationgﬁr{?ﬁs optical disc recording and reproduci ng apparatus will be
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the tracking error signal a based on a photodetector signal
from the optical pickup 5 to output it to the tracking control
section 8 and the minimum eccentricity detection section 9.
The tracking error signal a has such a waveform as shown in
FIG. 3(a) due to disc decentering.

The operation of the minimum eccentricity detecting
section 9 will be explained with reference to an eccentricity
detecting process flowchart, shown in FIG. 4.

Based on the tracking error signal a, the cross-track
generating circuit 10 generates such a cross-track signal as
shown in FIG. 3(b), via a comparator or the like at a certain
threshold. The cross-track signal has the same period as the

tracking error signal a and is composed, for example, of a



Consequently, the period data shown in FIG 6 (c ) has two m ni mum peri od
values . These are the count value of the point P2, which is a mninum
period value, and the count value of a point P3 that is the next m ninum
period value and that is separate fromjthe first mninum period val ue by
1/2 rotation pul se. The second count Vat¥ie"is arithnetically deternined and
when the determ ned count val ue becones equal to the count val ue being
nmeasured, the tracking timng signal shown in FIG 6 ( d ) is generated and
output to the tracking control section 8. _After the trackjng timng_signal
has been o%‘t]ﬂ@tr,y tcﬁeglgcraaﬁk?h%nﬁfs)eﬁpirgﬁe?%eﬁe%fyor d"’}rb&clgs;?ﬂeegﬁgp of

t he tracki cqptrol systemas in the above Enbodinment 1. Wth this
configurati . ﬁﬁﬁﬁgﬁ 5 te¥s to those in Enbodi ment 1 described above can
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point Pl of the rotation sync ni'zing signal bZ, tracking control can be
constant |y g 3ler il gk rétatP@r‘i%Ht b3 theSididys Ofrddie dighal

eccentricity, thereby enabling stable tracking control within"a small

novenent raRge roft ddeReHElod Nt FRERVELGNEL ageneaay iagdcestaliild 1y .of
tracking control for the eccentric disc. Further, since this enbodi nent

st ores t he speitf e Ues, GOiesipRNGn flad ltigy edges bifmiheperosd-takheds
appearing during one rotation as shown in FIG 6 (c ) , if the sane disc
remai ns i nstiglnladd anidt hone fbeienger émeyadtncyhgesecartd rafd rs gesegadning macki ng
control operations can be perforned by generating and outputting the
tracki ng t hiighg foiegnenahoswmt £ hcEeGt 60 deasaged e @prr9dtdé thered count
val ues without the need to detect the period of the tracking error signal

a. This coffTiogsditastk cdrgnahiate wied|sO thadkithe CONLAT S7d theeddke
repeated execution of the process of detecting the correlati gns between the
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also - 19(a) to (d) are illustrated on the same time scale.
A circuit for determining if a measured period value |
exceeds a set-value, 12, determines whether the period
measured by the cross-track period determining circuit 11
exceeds an externally set value. This corresponds to step’
S2, shown in FIG. 4. When it is detected at step S2 that the
measured period is larger than the set value, the process
determines a reference point P1l, shown in FIG. 3(c), without
branching to step S3.
A measured period equal to a maximum value determining
circuit 13 determines whether the period measured by the

cross-track period measuring circuit 11 has a maximum value.

This corresponds to step S3, shown in FIG. 4.



vibrated to vary the tracking error signal a; that is, an el enent
(vibration) other than the eccentric conponents associated with disc
rotations is added to the tracking error signal a, resulting in incorrect
tracking control. If, however, the first tracking control has been executed
wi t hout any adverse effects of vi brati om and this apparatus is vibrated
during the second and subsequent tracking control of the sane disc, the
tracki ng operation can be accurately perforned w thout being adversely

ffected by th i ti d i d.ab ot ti | di d
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stabl e tragkipg §Qn%H@defﬂ“fﬁ@;S§Péb HBvaRBeL jhargdawfyd.he actuator to
i nprove the accuracy and stability of "tracking control for an eccentric

disc. Simlar efheelsurepbe ot dipedtibntderconinglcitRank 12 gopbegyred to
measure the period of the tracking error signal arising froman eccentric
error assoghathRdrwihb pbeiddsbelayaheéasaraddbyotitetendsd-hersbrngeriodi ng
correspondi ng to the nei ghborhood of the m ni num val ue of the neasured
period to peasidenguch ronitr ol 1 ass cinsesatshegl oap defcrtdaes itrqackithgiscont r o
system at the point of tinme indicated by the detected tim ng. - 20 In
addi ti on, ¢perespends msaster Tbhnpeheed an FAE.clossItr ask dgdeertad ng
circuit for generating the crosstrack signal for the tracking error signa
havi ng a ﬁ%@?BBP§iF?etEﬁFlBﬂoWPa§§r§9néﬁ%@ﬁi§HﬁmF?ﬁeF895?iBﬁlﬁﬁ Phelsot or

for rotati the optical disc, the asuring neans for neasuring the period
of the crd@ggf?aﬁkQSVgﬁﬁﬁtt4ﬁyci %EEFSEUHE Ks Lot MFEEASEN Yy t he

nei ghbor hogd of _the. i ni pum val ue of the periqd, d_the, tracki timng
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nei ghbor hocB(;](::Iq:([))rfg '?thé%r:‘lnﬁ%ﬁ%‘%ﬂgvgé)ud;é%?&?#éggerf%&@%%Thﬂg?@g é: E%%t?%ﬁtl?r%ans is’
capabl e of 3stableckr agkiy d0hyqAceerding to the present invention, the
generation neans is provided for generating the rotation synchroni zing
signal in synchipimeBsM ddy igaraitd O mifirdie vaiRu@r dbeeckehadt Engctihe 99?1' cal
disc, and the control neans is configured to neasure the period of the
tracki ng edeversigesl widtdiar thonpaniedcrphbutedr by thss aradsdtiniék t he
disc rotations, to detect the correlations between the neasured positions
of the naxpenhvdnueasmimnyg @inmsioflli hbaperi odnamim valpes. t iTdrisat whi ch
the rotation synchronizing signal is generated, to store these correl ations
in the men®Pyregrands &cosdarhéd ochafnthe FFackt ng Konts cletsgsmbnedt t he

point of time corresponding to the nei ghborhood of the m ninmum val ue of the
period, baSRELBRTt kBCc HRRIQH MBI e oATLRE HB&s HSLRF ST RMERE pBl nt  of
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generating and outputting a tracking timng signal based on the stored
count val ug.pdint EDRID rESho0ds Cod e ineMei i e agkithe pemrtibal agand
prevent repeated execution of the process of detecting the correlations
bet ween t hehowasiine® IgasiXJd ons of the nmaxi num and m ni mum val ues of the
period of the tracking error signal and the position at which the rotation
synchroni zi ng s gealsuredgiseanadaging olreudti g nedssg asoand Banagesi n a

menory. . ) .
the time after the start of operation of the measuring/

determining/detecting circuit in the circuit 12 for



Substitute Sheet - 27 February 2003 -22 THE CLAIMS: 1. An optical disc
recordi ng and reproduci ng apparatus conprising: 5 a tracking actuator for
perform ng a tracking operation for an optical disc; a tracking control
section for driving said tracking actuator to performa tracking operation
based on a tracking error signal detectk# fromthe optical disc; and 10
control neans for starting tracking control by positioning the center of a
novenent range of said tracking actuator exactly or substantially at the
center of an eccentricity range caused by djsc rotations, wherein said
control nedR§eFBENITKE 18 e MRRIILY REGIRY 8¥FBRAS; Yhasels Fi4s n&?’ieng
froman eccentric error, associated with disc raotations _and_detec a change
timng corW@éﬁ&ﬁﬁqu?%Q}QﬁnmﬁﬁﬁBBWh8839% i}ﬁﬁé%%ﬂﬁn%%ﬁﬁ%le?%hekﬁgasured
period to provide such a control as_t I | 00 a, tracki,n ontro
Vst em at Bepsirechba et b ear S feBat b <Py b Al S e
optical di ge Lecarding and 4 eRE RANCYLAY RPRAIAILES AEcOLbage L sl aim 1,
wherein sald control® means conprises: a cross-track generating circuit for

generating a cregs2erhk O nd OfeReth8EKgCERREUSIING NAMINGs 2a
periodicity thatﬁpro&%dgg%ginchrdﬁ%s%$mdth ro atﬁonubf a notor for rotating

the opticatrdickGngRaATUMS iMRAS dk HEATWIKIG P Rt Hedtich @ @gst rack
signal; 30 detecti'on neans for detecting a nei ghborhood of a m ni mum val ue
of said pegipédinansh p SHAGKIIYFIGT Bgcgenernisngoerespohdloto aanamisdi ,ng t he
shown in FIG. 4.
At the point P2 shown in FIG. 3(c), the tracking control
section 8 outputs a signal to the tracking drive section 6
so as to position the tracking actuator 4 for tracking.
Based on the signal from the tracking control section
8, the tracking drive section 6 supplies the tracking actuator
4 of the optical pickup 5 with a signal having a gain, a
frequency characteristic, and a phase characteristic
required for continuous trackingonthedisc. Inthismanner,
a loop of a tracking control system is closed.
In this manner, tracking is carried out for the timing
at the point P2 shown in FIG. 3(c), so that tracking control
is turned on at a central position of an eccentricity range
of the optical disc 1. Thus, a tracking operation is
performed at a point of time corresponding to a shorter period
of the tracking error signal a as shown in FIG. 9(a), and the
tracking actuator 4 is positioned using a central position
of its movement range as a reference position as shown in FIG.
9(b) and the tracking actuator 4 is moved depending on the

amount of eccentricity of the track, thereby maintaining the



Substitute Sheet - 23 - - 2~ February 2003 tracking control section to
start the tracking operation at a point of tinme corresponding to the

nei ghbor hood of the m ninumval ue of said period. 5 3. The optical disc
recording and reproduci ng apparatus accordlng to claim1, further
conprising generation means for generatlisng a rotation synchroni zi ng si gnal
in synchronismw th rotation of the notor for rotating the optical disc, 10
wherein said control neans is configured to conprise: neasuring the period

of a tracking error signal arising froman eccentric _error .assqQci ated with
di sc rot at‘}‘b"g% ~QRt %E?gﬁgoéortﬂ% 1a5tis b‘ét@\egﬁsﬂéggu@glﬁéﬁ@ﬁq 3%%
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1 109%& () -1 10%& Ap optﬂ@a/ig‘ disc! recording and reproducing apparatus
according to Embodiment 2, shown in FIG. 5, differs from the
optical disc recording and reproducing apparatus according
to the above Embodiment 1 in that generation means 18 is
provided for generating a rotation synchronizing signal b in
synchronism with rotation of the spindle motor 2, which acts
as amotor for rotating the optical disc 1 and in that a minimum
eccentricity detecting section 19, acting as control means,
has, in addition to the functions of minimum eccentricity
detecting section 9 according to the above Embodiment 1,
functions to detect correlations between measured positions
of maximum and minimum values of a period of the tracking error
signal arising from an eccentric error associated with disc

rotations and a position at which the rotation synchronizing
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signal b is generated, to store these correlations in a memory
and to close the loop of the tracking control system at the
point of time corresponding to the neighborhood of the minimum
value of the period, based on a count number from the reference
point P1, which is used as a measuring reference point of the
rotation synchronizing signal b.

The generation means 18 comprises an FG (Frequency
Generator) sensor 18a for obtaining a rotation signal for the
spindle motor 2 and a spindle rotation synchronizing signal
generating section 18b for generating a rotation

b such as that in FIG. 6(e), which

synchronizing signal
synchronizes with rotation of the spindle motor 2 generated
by the FG sensor 18a.

The operation of this optical disc recording and
reproducing apparatus will be explained.

The tracking error signal a shown in FIG. 6(a), the
cross-track signal shown in FIG. 6(b), and the period data
shown in FIG. 6(c) are generated as in the above Embodiment’
1, and detailed description thereof is thus omitted.

As in the above Embodiment 1, the maximum value of the
period of the cross-track signal shown in FIG. 6(b) is detected
or the reference point Pl is detected by determining whether
the measured period exceeds the set value, thereby detecting
the point P2 corresponding to the neighborhood of the minimum
value of the period.

This embodiment stores the position of the rotation

synchronizing signal b generated by the spindle rotation
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detection of the point P2. 1In storing the position of the
rotation synchronizing signal b, the count value and the disc
position can be correlated with each other by setting a pulse
position of an arbitrary initial rotation synchronizing
signal as a reference point (for example, the reference point
P1l) and employing for counting a counter that uses the number
of pulses per rotation as an upper limit. The storage of the
position of the rotation synchronizing signal b corresponds
to storage of the count value of the rotation synchronizing
signal b up to the position of the point P2 in a storage device
such as a RAM (Random Access Memory) which acts as the memory.
FIG. 6 shows a waveform of about one rotation period.

Consequently, the period data shown in FIG. 6(c) has two

minimum period values. These are the count value of the point
P2, which is a minimum period value, and the count value of
a point P3 that is the next minimum period value and that is
separate from the first minimum period value by 1/2 rotation
pulse. The second count value is arithmetically determined
and when the determined count value becomes equal to the count
value being measured, the tracking timing signal shown in FIG.
6(d) is generated and output to the tracking control section
8. After the tracking timing signal has been output, the
tracking operation is performed to close the loop of the
tracking control system as in the above Embodiment 1.

With this configuration, similar effects to those in

Embodiment 1 described above can be obtained even based on
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the counted number from the reference point P1 of the rotation
synchronizing signal b, tracking control can be constantly
stably turned on at the central position of the disc
eccentricity, thereby enabling stable tracking control
within a small movement range of the actuator to improve the
accuracy and stability of tracking control for the eccentric
disc.

Further, since this embodiment stores the count values
corresponding to the two minimum period values appearing
during one rotation as shown in FIG. 6(c), if the same disc
remains installed without being removed, the second and
subsequent tracking control -operations can be performed by
generating and outputting the tracking timing signal shown
in FIG. 6(d) based on one of the stored count values without
the need to detect the period of the tracking error signal
a. This configuration can achieve stable tracking control
and prevent repeated execution of the process of detecting
the correlations between‘the measured positions of the
maximum and minimum values of the period of the tracking error
signal a and the position at which the rotation synchronizing
signal b is generated, and of storing these correlations in
the memory.

In addition, this optical disc recording and reproducing
apparatus according to Embodiment 2 has an excellent effect
of accurately carrying out tracking control even under

extraneous vibration or the like. Specifically, when this

apparatus is vibrated, the tracking actuator 4 is also
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however, the first tracking control has been executed without
any adverse effects of vibration and this apparatus is
vibrated during the second and subsequent tracking control
of the same disc, the tracking operation can be accurately
performed without being adversely affected by the vibration.

As described above, the optical disc recording and
reproducing apparatus comprises the control means for
starting tracking control by positioning the center of the
movement range of the tracking actuator exactly or
substantially at the center of the eccentricity range caused
by disc rotations. Thus, tracking control can be constantly
stably turned on at the central position of disc eccentricity,
thereby enabling stable tracking control within a small
movement range of the actuator to improve the accuracy and
stability of tracking control for an eccentric disc.

Similar effects can be obtained if the control means is
configured to measure the period of the tracking error signal
arising from an eccentric error associated with the disc
rotations and to detect the change timing corresponding to
the neighborhood of the minimum value of the measured period
to provide such control as closes the loop of the tracking

control system at the point of time indicated by the detected

timing.
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cross-track generating circuit for generating the cross-
track signal for the tracking error signal having a
periodicity that provides synchronism with rotation of the
motor for rotating the optical disc, the measuring means for
measuring the period of the cross-track signal, the detection
means for detecting the neighborhood of the minimum value of
the period, and the tracking timing generating circuit for
commanding the tracking control section to start the tracking
on operation at the point of time corresponding to the
neighborhood of the minimum value of the period. Thus, the
control means is capable of .stable tracking control.
According to the present invention, the generation means
is provided for generating the rotation synchronizing signal
in synchronism with rotation of the motor for rotating the
optical disc, and the control means is configured to measure
the period of the tracking error signal arising from an
eccentric error associated with the disc rotations, to detect -
the correlations between the measured positions of the
maximum and minimum values of the period and the position at
which the rotation synchronizing signal is generated, to
store these correlations in the memory, and to close the loop
of the tracking control system at the point of time
corresponding to the neighborhood of the minimum value of the
period, based on the counted number from the measuring
reference point of the rotation synchronizing signal. 1In

this case, even based on the counted number from the measuring
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reference point of the rotation synchronizing signal, the
tracking control can be constantly stably turned on at the
central position of the disc eccentricity, thereby realizing
stable tracking control within a small movement range of the
actuator. 1In particular, if the same disc remains installed
without being removed, the second and subsequent tracking
control operations can be performed by generating and
outputting a tracking timing signal based on the stored count
value. This confiquration can achieve stable tracking
control and prevent repeated execution of the process of
detecting the correlations between the measured positions of
the maximum and minimum values of the period of the tracking
error signal and the position at which the rotation

synchronizing signal is generated, and of storing these

correlations in a memory.
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5 a tracking actuator for performing a tracking operation
for an optical disc;

a tracking control section for driving said tracking
actuator to perform a tracking operation based on a tracking
error signal detected from the optical disc; and

10 control means for starting tracking <control by
positioning the center of a movement range of said tracking
actuator exactly or substantially at the center of an
eccentricity range causea. by disc rotations, wherein said
control means measures. a period of tracking error signal

15 originating from an eccentric error associated with disc
rotations and detects a change timing corresponding to a
neighborhcod of a minimum value of the measured peridd to
provide such a control as to close a loop of a tracking
control system at a point of time indicated by said detected

20 timing.

2. An optical disc recording and reproducing apparatus
according to claim 1, wherein said control means comprises:
a cross-track generating circuit for generating a cross-
25 track signal for a track error signal having a periodicity
that provides synchronism with rotation of a motor for
rotating the optical disc;
measuring means for measuring a period of said cross-
track signal;
30 detection means for detecting a neighborhood of a
minimum value of said period; and

a tracking timing generating circuit for commanding the
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tracking control section to start the tracking operation at
a point of time corresponding to the neighborhood of the

minimum value of said period.

3. The optical disc recording and reproducing apparatus
according to claim 1, further comprising generation means
for generating a rotation synchronizing signal in
synchronism with rotation of the motor for rotating the
optical disc,

wherein said control means is configured to comprise:

measuring the period of a tracking error signal arising
from an eccentric error associated with disc rotations;
detecting correlations between measured positions of maximum
and minimum values of said period and a position at which
gsaid rotation synchronizing signal is generated, and storing
these correlations in a memory; and closing the loop of the
tracking control system at‘a point of time correspoﬁding to
the neighborhood of the minimum value of said period, based
on a counted number from a measuring reference point of said

rotation synchronizing signal.



