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(57) Abstract: An optical disc reproduction device (10) comprises an optical pickup (1 1) for reading a digital data recorded in an
I~ optical disc, an amplitude detection circuit (18) for detecting an amplitude of webble component signal having passed through a band
I~ pass filter (14), and a tilt detection, object value setting and drive signal generation circuit (23) for performing a detection of a tilt
T~ amount. The optical disc reproduction device (10} irradiates a laser light to the optical dis¢, whose one side wall in its recording area
= is being wobbled at a predetermined cycle, by the optical pickup (11), detects the amplitude of each wobble component signal based
& on a return light in case where the laser light is positioned in inner and outer periphery sides of the optical disc than the wobbled
O portion by the amplitude detection circuit (18), and finds & difference value of the amplitude of each wobble component signal as a
3 tilt indication value by the tilt detection, object value setting and drive signal generation circuit (23).
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Recording Medium Driving Device Having Tilt Detection Means and Tilt Detection

Method

Technical Field

This invention relates to a recording medium driv-ing device for rotationally
driving a disc-shaped recording medium and thus recording and/or reproducing digital
data to and/or from the disc-shaped recording medium, and a tilt detection method for
detecting the tilt quantity generated in rotationally driving the disc-shaped reéording

"medium.

Background Art

As recording media on which digital data is optically recorded, optical discs
such as so-called CDs (compact discs) and DVDs (digital versatile discs or digital
video discs) are broadly known.

In an optical disc drive device for recording and/or reproducing digital data to
and/or from such optical discs, an optical disc that is rotationally driven is irradiated
at a desired position with a minute spot of a condensed laser beam by an optical
pickup, thus recording and/or reproducing digital data. Inthis case, the optical pickup
operates with the laser beam tracing a track provided on the optical disc so as to stably

record digital data onto the optical disc or reproduce digital data recorded on the
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optical disc with high fidelity.

Meanwhile, a radial tilt might be generated in the above-described optical disc
because of the warp of the optical disc or the inclination of the optical pickup in the
optical disc drive device due to the environmental influence such as the temperature
and humidity at the time of use and/or storage and the handling state. It is known that
such a tilt causes aberration of the regenerative optical spot and therefore brings about
distortion of reproduced signals, lowering of the MTF (modulation transfer function),
and lowering of the recording power efficiency. |

Recently, in optical disc drive devices, the numerical aperture (NA) of the
objective lens of the optical pickup tends to be increased for higher density of the
optical disc. For example, an objective lens with an NA value of 0.45 is used for CDs
and an objective lens with an NA value of 0.60 is used for DVDs. Accordingly, the

~ thickness of the optical disc has been reduced. Thus, the optical disc is likely to warp
and has a large NA value, and therefore has increasingly large angular dependency of
aberration.

On the other hand, an optical disc drive device which has a dedicated sensor to
detect the tilt quantity and incline the objective lens or actuator in its optical pickup
on the basis of the detection signal for compensating a tilt has been provided for
practical use.

However, if an optical disc of a small diameter is used, the conventional optical

disc drive device cannot sufficiently secure the place for installing the sensor for



(57) Abstract: An optical disc reproduction device (10) conprises an
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disc, an anplitude detection circuit (18) for detecting an anplitude of
wobbl e conponent signal having passed through a band pass filter (14), and
atilt detection, object value settingzand drive signal generation circuit
(23) for performng a detection of a tilt anount. The optical disc
reproduction device (10) irradiates a laser light to the optical disc,
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digital data,is optically recorded, optical discs such as so-called CDs
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are broadly known. ) ) o ) )
: A recording medium driving device according to one aspect of the present

invention is adapted for rotationally driving a disc-shaped recording medium in which
signal information that can be discriminated from recording data is recorded on one of
both sidewalls of a recording area having the recording data recorded thereon, and
recording and/or reproducing digital data to and/or from the disc-shaped recording
medium. The device comprises: optical pickup means for casting a laser beam onto
the disc-shaped recording medium and receiving a return light reflected and diffracted
on the surface of the disc-shaped recording medium; amplitude detection means for
detecting an amplitude of a signal based on a return light from a signal information
recording sidewall, which is a sidewall having the signal information recorded
thereon; tilt detection means for detecting a tilt quantity base on the amplitude of the
signal detected by the amplitude detection means, wherein the tilt detection means
generates a drive signal for compensating a tilt on the basis of a tilt error signal
expressed as a differential value between a tilt indication value indicating the tilt

quantity and a target value for compensation with respect to the tilt indication value;



In an optical disc drive device for recording and/or reproducing digital
data to and/or from such optical discs, an optical di %9 hdraetbeS2003
rotationally driven is irradiated at a desired position with a m nute spot
of a condensed | aser beam by an optical pickup, thus recordi ng and/ or
reproducing digital data. In this caseqs the optical pickup operates with
the | aser beamtracing a track provided on the optical disc so as to stably
record digital data onto the optical disc or reproduce digital data
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discrimination means.
In the recording medium driving device according to an alternative aspect of
the present invention is adapted for rationally driving a disc-shaped recording medium
in which signal information that can be discriminated from recording data is recorded
on one of both sidewalls of a recording area having the recording data recorded
thereon, and recording and/or reproducing digital data to and/or from the disc-shaped
recording medium, the device comprises optical pickup means for casting a laser
beam onto the disc-shaped recording medium and receiving a return light reflected
and diffracted on a surface of the disc-shaped recording medium; amplitude detection
means for detecting an amplitude of a signal based on a return light from a signal
information recording sidewall, which is a sidewall having the signal information
recording thereon; tilt detection means for detecting a tilt quantity base on the
amplitude of the signal detected by the amplitude detection means; position detection

means for detecting a position of an objective lens of the optical pickup means base

on a sensing signal obtained by a sensor for sensing the position of the objective lens



detect the tilt quantity and incline the objective lens or actuator inits
optical pickup on the basis of the detection signal fopsRsRBaSaEIBNG a
tilt has been provided for practical use. However, if an optical disc of a
smal | diameter is used, the conventional optical disc drive device cannot
sufficiently secure the place for installing the sensor for 22 Decenber
2003 3 detecting tilt quantity and it i1s therefore difficult to detect the
tilt quantity. Disclosure of the Invention In view of the foregoing status
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t he optical pickup quickly and wth high accuracy. A recording nedi um
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for rotationally driving a disc-shaped recording nmediumin which signal
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on the disc-shaped recording medium, the amplitude detection means detects the
amplitude of a signal based on the return light from the signal information recording
sidewall as the switch means closes based on the gate pulse generated by the gate
pulse generation means.
In the recording medium driving device according to another alternative aspect
of the present invention is adapted for rotationally driving a disc-shaped recording
medium in which signal information that can be discriminated from recording data is
recorded thereon, and recording and/or reproducing digital data to and/or from the
disc-shaped recording medium the device comprises optical pickup means for casting
a laser beam onto the disc-shaped recording medium and receiving a return light
reflected and diffracted on a surface of the disc-shaped recording medium; amplitude
detection means for detecting an amplitude of a signal based on return light from the
signal information recording sidewall, which is a sidewall having the signal

information recording thereon; and tilt detection means for detecting a tilt quantity on

the amplitude of the signal detected by the amplitude detection means; wherein the tilt



thereon; tilt detection neans for detecting a tilt quantity base on the
anplitude of the signal detected by the anplitude det egthfbBmBEadi®: Wherein
the tilt detection neans generates a drive signal for conpensating a tilt
on the basis of atilt error signal expressed as a differential val ue
between a tilt indication value indicaiing the tilt quantity and a target
val ue for conpensation with respect to the tilt indication value; 22
Decenber 2003 4 and data discrimnation nmeans for extracting the recording
data from Si I 2 on & r || fl.ec d_dj.fif racted
on the sur(?gegég%fm%g S?@%?dgﬂegpgdé& ?iécb%%%{ %6 ?reg%#tﬁlﬁnelﬁg ?lgcﬁll%nf 1%%% ng data
detection .capabilit i.th respect to the  recording data, wherein.the tilt
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the tilt quantity on the basis of the drive signal, then finds a tilt
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target value on the basis of the tilt indication value thus found and a
dat a di scrreenrdiagisaiewallgral signaldiasat om thearetves dight Gbomdibesigmal neEbimaationf t he
data detection capability by the data discrimnation neans. In the

recor di ng reRAHidMsicwdil R ka6 GhafeCBE tisBObdatn ’NoddtéEoMmah buRr agflecideof the
present invention is adapted for rationally driving a disc-shaped recording
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recordi ngrbé\g{?% 1?ggirl cgrrgéecg&ﬁgn%bdﬁgﬂé% otecﬁ?%agglwa slog;pega@?izl oS];iJi ng1 area
havi ng the rgcordi ng _data recorded ther.eo and recordi ng and/ of.
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t he device, conprises optical pickyp neans_for casti r}%ﬁraﬂl}qa er . beamonto
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and diffracted on a surface of the di sc-shag)ed recordi ng nmedi um anplitude
det ect i on located on the inner circle side of the disc-shaped recording medium than the signal

information recording sidewall and a maximum value of the amplitude of the signal
based on the return light from the signal information recording sidewall in the case
where the laser beam is located on the outer circle side of the disc-shaped recording
medium than the signal information recording sidewall, one maximum value is made
coincident with the other maximum value.

A tilt detection method according to one aspect of the present invention
comprises the steps of: casting a laser beam onto a disc-shaped recording medium in
which signal information that can be discriminated from recording data is recorded on
one of both sidewalls of a recording area having the recording data recorded thereon,
and receiving a return light reflected and diffracted on the surface of the disc-shaped
recording medium; detecting an amplitude of a signal based on a return light from a
signal information recording sidewall, which is a sidewall having the signal
information recorded thereon; and detecting a tilt quantity based on the amplitude of

the detected signal detected, wherein a drive signal for compensating a tilt is



means for detecting an anplitude of a signal based on a return light froma
signal information recording sidewall, which is a sidewdhdceRBN Jigst he
signal information recording thereon; tilt detection neans for detecting a
tilt quantity base on the anplitude of the signal detected by the
anpl i tude detection neans; position dggection neans for detecting a
position of an objective |lens of the optical pickup neans base on a
sensi ng signal obtained by a sensor for sensing the position of the

obj ective | ens, 22 enber 2003 5 of the opti.cal pi.ck ans W th respect
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generation,_neans .for discrimnating that the objective lens is |ocated
near the déhingication ¥alge dpdigatingdhe dgt aagfity and 8 R erle R ING fOTgCOmREASHINt he

di sc-shaped recording nediumon the basis of a detection signal indicating
the posi twithnrespect kethstjledication alve subgstinglie tecordingdatpas extrasteddermct i on
nmeans, and generating a gate pulse; and switch neans for opening and

cl osi ng basRPeighlichaged en tiputctiandiphe icficetbdandt diffragaddeompthessarfgenef dici on
means; wherein in the case where the objective lens is |ocated near the
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recordi ng nmedium the anplitude detection neans detects the anplitude of a
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adapted for rotatignally driving a disc-shaped recording nedium.in which
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recorded thereon, and recording and/or reproducing digital data to and/or
from t he changing the tilt quantity on the basis of the drive signal, then a tilt indication value

corresponding to a change in the tilt quantity is found, and the target value is set on
the basis of the tilt indication value thus found and a data discrimination signal
indicating a result of discrimination of the data detection capability.

In the tilt detection method according to an alternative aspect of the present
invention comprises the steps of casting a laser beam onto a disc-shaped recording
medium in which signal information that can be discriminated from recording data is
recorded on one of both sidewalls of a recording area having the recording data
recorded thereon, and receiving a return light reflected and diffracted on a surface of
the disc-shaped recording medium; detecting an amplitude of a signal based on a
return light from a signal information recording sidewall, which is a sidewall having
the signal information recorded thereon; detecting a tilt quantity on the basis of the
amplitude of the detected signal detected; detecting a position: of an objective lens of
optical pickup means for casting a laser beam onto the disc-shaped recording medium

and receiving the return light reflected and diffracted on the surface of the disc-shaped



di sc-shaped recordi ng nediumthe device conprises optical pickup neans for
casting a |laser beamonto the di sc-shaped recordi ng nedinpyseans 20ecei ving a
return light reflected and diffracted on a surface of the disc-shaped
recordi ng nmedium anplitude detection neans for detecting an anplitude of
a signal based on return light fromthg signal information recording
sidewal |, which is a sidewall having the signal information recording
thereon; and tilt detection neans for detecting a tilt quantity on the
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di sc-shaped recordi ng nmedi um than the signal information  recording
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recording sidewall in the case where the | aser beamis |ocated on an outer
circle si dee cenfertithéhedlisetiohapwilith ef thedeagdimgdi-eanort thamisckshassdgreedrding
information recording sidewall so that, of a maxi mum val ue of the
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information recording sidewall in the case ere the | aser beamis |ocated
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outer circle side of the disc-shaped recording nmediumthan the signal
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the other maximumvalue. A tilt detection nethod according to one aspect of
t he present i nlerth¢ dilt detection method according to another alternative aspect of the

present invention comprises the steps of: casting a laser beam onto a disc-shaped
recording medium in which signal information that can be discriminated from
recording data is recorded on one of both sidewalls of a recording area having the
recording data recorded thereon, and receiving a return light reflected and diffracted
on a surface of the disc-shaped recording medium; detecting an amplitude of a signal
based on a return light from a signal information recording sidewall, which is a
sidewall having the signal information recorded thereon; and detecting a tilt quantity
on the basis of the amplitude of the detected signal detected, wherein a signal based
on the return light from the signal information recording sidewall in the case where
the laser beam is located on the inner circle side of the disc-shaped recording medium
than the signal information recording sidewall or a signal based on the return light
from the signal information recording sidewall in the case where the laser beam is
located on the outer circle side of the disc-shaped recording medium than the signal

information recording sidewall is standardized so that, of a maximum value of the



conprises the steps of: casting a | aser beamonto a di sc-shaped recordi ng
mediumin which signal information that can be discri abnrsdeedbéd D
recording data is recorded on one of both sidewalls of a recording area
having the recording data recorded thereon, and receiving a return |ight
reflected and diffracted on the surfagg of the disc-shaped recording
medi um detecting an anplitude of a signal based on a return light froma
signal information recording sidewall, which is a sidewall having the
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i ndi cati ng®®eresult of discrimination of the data detection capability. In
the tilt detection nmethod according to an alternative aspect of the present
i nventi on conpMleresverhe recpuhing ofedoms diiniggalevins eaccdydiagtovne aspedt stthehaped
recordi ng

present invention is adapted for rotationally driving a disc-shaped recording medium

-

having a signal information recording sidewall on which signal information that can
be discriminated from recording data is recorded, and recording and/or reproducing
digital data to and/or from the disc-shaped recording medium. The device comprises:
optical pickup means for casting a laser beam formed by a main beam spot and two
sub-beam spots onto the disc-shaped recording medium and receiving a return light

reflected and diffracted on the surface of the disc-shaped recording medium;
amplitude detection means for detecting an amplitude of a signal based on a return
light of two target beam spots, of the main beam spot and two sub-beam spots, from
the signal information recording sidewall; tilt detection means for detecting a tilt
quantity based on the amplitude of the signal detected by the amplitude detection
means; target value setting means for setting a target value for compensation with
respect to a tilt indication value; data discrimination means for extracting the

recording data from an RF signal based on the retumn light reflected and diffracted on



medi umin which signal information that can be discrimnated fromrecording
data is recorded on one of both sidewalls of a recordbn®eabgBedt®oRNg t he
recording data recorded thereon, and receiving a return light reflected
and diffracted on a surface of the disc-shaped recording nedium detecting
an anplitude of a signal based on a rgturn light froma signal information
recording sidewall, which is a sidewall having the signal information
recorded thereon; detecting a tilt quantity on the basis of the anplitude
of the detgcted si | detected: detecti a ition of an objective |ens
of "opt! o pitielPas AEEEBP Gty B ity L Bl the s BT

recording nmediuym and receiving the return |ight reflected and diffracted
on the surcPRRAlIEIWIhEesapd do dhafreardms B e ROUES EeReE b P um
based on a sensing signal obtained by sensing the position of the

obj ect i ve gepersting atdriveoyigniat 40r piropansatingamdilingn the baspeet attdt emer sigedr di ng
area on the disc-shaped recording nedium discrimnating that the

obj ect i ve ekpressedss lactifferentiai ealue tehecenahé 6lt indicdtha wdiveenidithe tapgetwiabiteh of t he
recording area on the disc-shaped recording nediumon the basis of a

det ecti on fa# m%edsﬂ%rpﬁith%s Betop@sitilt aicikioh RAIRDjWetdiy thd @itve sigaald
generating a gate pul se; and closing switch neans based on the gate pul se
so as to > j [ e Uf Lght from
he oi gnalt e HamARILL IR dfbePnE oA pRASF AR, bifle BN LA | 0g
according to another alter i ve. aspect. of the resent inyenti,on .conprises
the steps oY ?theg%gszf é’ggtltneb i %ﬁ?%’ g‘edﬁlgc@eégﬁlﬁgdmeﬁcﬁp‘aﬁ ﬁlbe Rgtdi umin
whi ch signal_ information that can be discrimpated from recordin? data is
recorded dRdig#ionofalgeqrasponding fosa shangeriadbe diltngrantiva 2dvhsitpreeaeecor di ng

data recorded thereon, and receiving a return |ight reflected and
di f f r act edetting means sets the target value on the basis of the tilt indication value found by the

tilt detection means and a data discrimination signal indicating the result of the
discrimination of the data detection capability by the data discrimination means.
Furthermore, a tilt detection method according to one aspect of the present
invention comprises the steps of: casting a laser beam formed by a main beam spot
and two sub-beam spots onto a disc-shaped recording medium having a signal
information recording sidewall on which signal information that can be discriminated
from recording data is recorded, and receiving a return light reflected and diffracted
on the surface of the disc-shaped recording medium; detecting an amplifude of a
signal based on a return light of two target beam spots, of the main beam spot and two
sub-beam spots, from the signal information recording sidewall; and detecting a tilt
quantity on the basis of the amplitude of the detected signal, wherein a target value for
compensation with respect to a tilt indication value is set, wherein the recording data
is extracted from an RF signal based on the return light reflected and diffracted on the

surface of the disc-shaped recording medium, and a data detection capability with



on a surface of the di.sc-shaped recordi ng nmedi um detecting an anplitude of
a signal based on a return light froma signal informebpehB&008Ng
sidewal |, which is a sidewall having the signal information recorded

t hereon; and detecting a tilt quantity on the basis of the anplitude of
the detected signal detected, whereinsg signal based on the return |ight
fromthe signal information recording sidewall in the case where the |aser
beamis located on the inner circle side of the disc-shaped recording

medi um than i gnal,. i nformation .r rdi.ng..sj,d |1 _or ' based on
the. ret ur Aepred o SRt TR b USRI Pl Tl LR 2"
case where th Iaser.beag1is. hocated on.the out%% circle sidgwgi t he

di sc- shapddfet Bean dPWYNR=RE AR ReAm et apdy i BV SERsPrAR iSBRIS (B Be sy
sidewal | is standardized so that, of a maxi nrum val ue of the 22 Decenber
2003 5d anpaned gererding medivst givhior beesitnsthereurny leghi reflactedrond diffirted ensi gnal
information recording sidewall in the case where the | aser beamis | ocated
on the i ntler swiacelof the diéscashapdierecdidiice stedjpad is doeerdivhie robanging theariltt he
signal information recording sidewall and a maxi mum value of the anplitude

of the sigaaltitPased & aldirelsaindl forl ddiffentdtR@ d AR baSéddt@h tINERSMEEHAN
recording sidewall in the case where the |laser beamis |ocated on the

outer i el el §laifligatli SR RRALA"EE Al G PRCMP di3e o Sasyae!

i nformation® recording sidewa one maxi numval ue i's made cofncident with

t he ot her jmaxi mum .val ue. NMoreqver, ..a.recardi ng medium drivi devi,ce
hccor di ng ot aemaiBol S rBra 1 She R BAFHE Pl o4 R fifacl y Ao Kb
rotationally driving. a disc-shaped recording di ym havi ng a signal

i nf or mat i GASSdeeBrEE NEt dndisafiam valyewhie Houp Al # 0 CRCTBRAoR: SEBE  be

discrimnated fromrecording data is recorded, and recording and/or
r epr oduci ngdicating a result of the discrimination of the data detection capability.




digital data to and/or fromthe di sc-shaped recording nedium The device
conprises: optical pickup neans for casting a | aser beperdmbdredoly a nmain
beam spot and two sub-beam spots onto the disc-shaped recordi ng nmedi um and
receiving a return light reflected and diffracted on the surface of the
di sc-shaped recording nmedium anplitude detection nmeans for detecting an

anplitude of a signal based on a return |light of two target beam spots, of
the main beam spot and two sub-beam spots, from the signal information
recording sidewall; tilt detection nmeans for detecting a tilt quantity

based on t npl.jtude of th i gnal .detecied b he anplituyde detection
moans: tar ok (abisalEcton el Eeppng B b, reserh Mo adases beatt
conmpensation with respect to a tilt indication value; data discrimnation
means fosmedxly acmaigbeadie spoteod dimegsularbeamrspeisis st Ongp e bissethapadt he
return light reflected and diffracted on 22 Decenber 2003 5e the surface of

the digeofdiapefediafnadinie GBciuamitpiddelesedion thababls dfahaafigiigade ofa
capability wth respect to the recording data; and drive signal generation

means J; [ Adri ' ' i basi s
of a (1 ghel SASEFOE AP Gh ¥R 408 teltn ARIRIANAL iy Bebimspoflnd WF00°0 T

i ndi cati,opn value and the target value for conpensation with respect to the
tilt i %QW@IP%EW‘ SgaphinfarEmafion gecording)si rati on means controls
and drives the optical pickup neans while changing the tilt quantity on
the basis of the drive signal; the tilt detection neans finds the tilt

i ndi cation val ue corresponding to a change in the tilt quantity; and the

t ar get Byief Mreschiptibh o theBrgwhflss the target value on the basis of the tilt
i ndi cation value found by the " tilt detection neans and a data

IRt e TR S e P
reproducing device as an embodiment of the present invention, so as to explain the
state of a land/groove substrate on which a groove portion having wobble on its one
side and a land part are alternately provided.

Fig.2 is an explanatory view showing an optical disc applied to the optical disc
reproducing device, so as to explain the state of an intermittent wobble substrate on
which a straight groove portion and wobbled groove portion are alternately provided.

Fig.3 illustrates the arrangement of beam spois.

Fig 4 illustrates the result of numerical computation to find a change in intensity
distribution of a laser beam due to a tilt.

Fig.5 illustrates the relation between a wobble component signal and the tilt
quantity, so as to explain the result of numerical computation to find the characteristic

of a wobble component signal in the case where a laser beam is cast onto an optical

disc while the tilt quantity is actually changed.



Furthernore, a tilt detection nmethod according to one aspect of the present
dnvention conprises the steps of. casting a | aser beapp Detémbert®008 NMain
beam spot and two sub-beam spots onto a disc-shaped recordi ng nmedi um
having a signal information recording sidewall on which signal information
that can be discrimnated fromrecording data is recorded, and receiving a
return light reflected and diffracted on the surface of the disc-shaped
recordi ng medi um detecting an anplitude of a signal based on a return
l'ight of two target beam spots, of the main beam spot and two sub-beam

spots, fromuthe; s iz | } qf\é/\@l% b atilt
quantity onrplgll’glszdag@ko %@gﬂg&%@@%@g@gﬁ&p E%éf:let ec tg%lﬁﬁnﬁ%@%%? in a
target, value for conpensation with respect to a tilt indication value is
set, Wi¥I%n the recording data is extracted froman RF signal based on
the return light reflected and diffracted on the surface of the

di sc- shapedFigetBlusinatesrtbdiamrapgament ofiamaindicant spot adouth-beam spoth 22
Decenber 2003 5f respect to the recording data is discrimnated, and

optical pi gkigi8 fTR&M&dsod saiRpling thethod §6e4 waddle Eompongnt dignali n beam spot
and the two Sub-beam spots on the disc- shaped recordi ng nedi um and for

oe! V0 5.9 Al BBhuteltchatiang shilaggiag o Lhe surface of the
o gnal o g Cifusiaes he reABRR RV ooR davelutlsambanent pisnel A EE HEh val ue
and the target value for conpensation with respect to the tilt indication
val ue,quantiity hso asiteexplain the resulieaf campuetation torfgnd the characteaistisroiiiieue t hus
found and a data discrimnation signal indicating a result of the
di scriwbbelel inpdndiieigal tn Ge el Whereaphigel béam 12 2adanroharoRRAB disc
while the tilt quantity is changed, and the characteristic of a standardized wobble
component signal.
Fig.11 is an explanatory view showing an optical disc applied to an optical disc
reproducing device as an improvement of the foregoing optical disc reproducing
device, so as to explain the state of a land/groove substrate on which a groove portion
and a land portion are alternately provided.
Fig.12 is an explanatory view showing an optical disc applied to the optical disc
reproducing device, so as to explain the state of a groove substrate on which a straight
groove portion and a wobbled groove portion are alternately provided.
Fig.13 is an explanatory view showing an optical disc applied to the optical disc
reproducing device, so as to explain the state of a land substrate on which a groove

portion as an inner-side modulated guide groove and a groove portion as an outer-side

modulated guide groove are alternately provided.



6 In the tilt detection nethod according to the present invention, a |aser
beam fornmed by a nmain beam spot and two sub-beam spot 82 bec&RBEdr B3O t he

di sc-shaped recording medium and the tilt quantity is detected on the
basis of the anplitude of a signal based on a return light of two target
beam spots, of the main beam spot and two sub-beam spots, fromthe signa
information recording sidewall. Brief Description of the Drawings Fig.1l is
an expl anatory view show ng an opticgl disc applied to an optical disc
reproduci ng devi ce as an enbodi nent of the present invention, so as to

explain the, state. of | and/ gr oove substrate on ich_a . groove. pgrtion
havi ng \Aobﬁrlléigﬁ‘ :ﬁlhéSt@z‘“es ﬁl‘? 4 agggmgnf]gioa %&P{n épgeaﬁot ar ﬁgt %’f@ja‘ﬂ? ded.
Fig.2 is an explanatory view showi ng an optical disc applied to the optical
di sc aremgotent f hevbeam spotdn the enspl wharet Aesignalt mformation feeending ent
wobbl e substrate on which a straight groove portion and wobbl ed groove

porti gidearAl & lochrdt@l thedhavi siedle sidd 6f theidptical dizcahar hdaserbeagement of
beam spots. Fig.4 illustrates the result of numerical conputation to find a

change in i i ¢ ' ' j bt Fg. 5
ot r at ed BRAE BustHE I dhaRBoRlonf of 3F HeaBPRPRE S0 BR.P Lipfin D0 7,
quantity, so as to .explain the result of nuneri.cal c utation to,.find the
char a@fangement of; the &Eﬁfﬁl%’%dﬁp efASesVYRLR 3 ﬂgFﬂe"&ggBa A& dinger beam
is cast onto an optical disc while the tilt quantity is actually changed.
22 Decidrvesll ologated i theamiter eirdeside of dgrepticahdisicribame lasereanr.e of t he
optical disc reproducing

Fig.15 is a block diagram showing the structure of the optical disc reproducing

device.

Best Mode for Carrying Out the Invention

Preferred embodiments of the present invention will now be described in detail
with reference to the drawings.

In this embodiment, the recording medium driving device according to the
present invention is applied to an optical disc reproducing device for reproducing
digital data from an optical disc, which is a disc-shaped recording medium having
digital data recorded thereon such as a CD (compact disc), DVD (digital versatile disc
or digital video disc), or MD (Mini Disc, trade name of Sony Corporation). First, the
principle with respect to the tilt detection method using this optical disc reproducing
device will be described.

Optical discs preferred for the present invention have a recording area in which

a groove as a guide groove having wobble on its one side is provided, as shown in



devi.ce. Fig.7 illustrates the arrangenent of a main beam spot and sub-beam

spots. Fig.8 illustrates a sanpling nethod for a wob %Bm si gnal .
'Fig.9 illustrates a cause of an inbal ance phenonenon. %:?’88 Il ugtrat es

the rel ati on between a wobbl e conponent signal and the tilt quantity, so
as to explain the result of conputation to find the characteristic of the
wobbl e conponent signal in the case where a | aser beamis cast onto an
optical disc while the tilt quantity is changed, and the characteristic of
a standardi zed wobbl e conponent signal. Fig.11 is an explanatory view

show an optd cal dpsc,applied to..an _optical..disc epy;oduci n evjice as
o mileSd 2 ospedttie R i pRG R s EEFiseh Riun LRUEHEs B "
explain the state of a |and/groove substrate on which a groove portion and
a | andpwiicloa go@vgppénmﬂeﬁyvmgm e @nemide azignral dnfasuptionaresoydipgew
showi ng an optical disc applied to the optical disc reproducing device, so

as to sg&pkall Wt istwebbledibyeprovidivg addiess irfbemationywhithds FM-angdulategh oove
portion and a wobbl ed groove portion are alternately provided. Fig.13 is an

expl a ' ] . OoRt4 -d Iy t.hey opta |
regrogﬁeﬁkéné{é—\%@mgy%% &%@%ﬁ%,ﬁgnggggﬁ%fﬁ cgulbgn% gltuelbgﬁlragft%agn whi ch
a groove ., porti nner - si de npdul At

por | Qs e v O aRROHE GOTRAD A JBUN PRFUOR b apAAIBEY Brovi ded
22 Decenber 2003 8 Fig.14A illustrates the arrangenent of a beam spot, so
as t o Bxfl.ab T .izhe. thusacopstituiing h reperdignareapothe optiead diseehawieie Figdi gnal
I nformati on recording
is conformable to the so-called MD-data 2 format and has an intermittent wobble
substrate on which a straight groove portion SG, which is a non-modulated guide
groove having no wobble, and a wobbled groove portion WG, which is a modulated
guide groove referred to as double spiral and having on its both sides a signal
information recording sidewall W that is wobbled by providing address information
FM-modulated at approximately 80 kHz with respect to a standard linear velocity, are
alternately provided, and on which the individual address information provided in the
wobbled groove portion WG corresponds to two tracks T,, Tj.

In the following description, the intermittent wobble substrate shown in Fig.2
isused. Also, in the following description, a beam spot in the case where the wobbled
groove portion WG is located on the inner circle side of the optical disc than a laser
beam from an optical pickup, not shown, is referred to as a spot S, and a beam spot
in the case where the wobbled groove portion WG is located on the outer circle side

of the optical disc than a laser beam is referred to as a spot S, as shown in Fig.3. Both

of these beam spots are Gaussian beams such that their intensity distribution is



sidewall is located on the inner circle side of the optical disc than a

| aser beam Fig.14B illustrates the arrangenent of asdeammpsiogp§0 as to
expl ain the arrangenent of the beam spot in the case ere a signal
information recording sidewall is |ocated on the outer circle side of the
optical disc than a | aser beam Fig.15 is a block diagram show ng the
structure of the optical disc reproducing device. Best Mde for Carrying
Qut the Invention Preferred enbodi s of the present invention will now
be described in detail wth reference to the drawings. In this enbodi nent,
the recording,medi um drivjn evi ce, accor.ding tq the. present inveption is
hppl | damissian g, dndhe Folagdeginuon ek & ip B SRTA LR oG Seal et a
froman optical disc, which is a disc-shaped recordi ng medi um havi n

di gi t dk refarmdrte asadeatkt Figrandra tsackhireasiiatednvificthespot Sglisseferrl/as ¢ tilagkt al
versatile disc or digital video disc), or MD (Mni D sc, trade nane of
Sony @pf ReKeH hédessaryl rst, the principle with respect to the tilt detection
met hod using this optical disc reproducing device will be described.
Optical di ALY/ i I dingsarea in
which o aroBrrgeRhEtes ol i B o o Mhd Wi R RliGieg

provi ded, . as, sho i.n 22 Decenber 2003 9 Figs.l1l and 2. Specifically, the
opt i cdilsﬁlbéléloé"fﬁﬁv/ﬁei]ﬁsqfi am E‘é‘étoaa Hind/ gr oove substrate on which a gioove
portion G .having on its one side a signal information recording sidewall
Wthat is vioitheedshywherothadipog Sadusess thebpticatdisnis neineally sastwiteittl at ed
(frequency-nodul ated) signal information, and a | and portion L are

al t er ngdigg Mnfluenced by a tilt, that is, in the case where the tilt quantity is “0°”, the

intensity distribution is symmetrical at the center position of the track Ty, in the radial

direction of the optical disc, as shown by a solid line Gy in Fig.4. Therefore, the

return light reflected and diffracted on the disc surface is symmetrical at the center
- position of the track Ty in the radial direction of the optical disc.

On the other hand, if the spot Sy cast on the optical disc is inclined toward the
signal information recording sidewall W because of the distortion due to the aberration
influenced by a tilt, the intensity distribution is as shown by a broken line G4 ora
chain-dotted line C, 5 in Fig.4. That is, in the case where the spot Sy cast on the
optical disc has a tilt quantity of “0.6°” or “1.2°”, the intensity distribution is
asymmetrical on the track Ty in the radial direction of the optical disc, as shown by the
broken line C, ¢ or the chain-dotted line C, ,; in Fig.4. The intensity of the laser beam
cast onto the side of the track Ty where the signal information recording sidewall W
is provided is lower than in the case where the laser beam is normally cast, and the

intensity of the laser beam cast onto the side of the track T, where the signal



provi ded, and on which these groove portions G and | and portions L form
tracks T?1, Tn, Tn+l, Tn+2, ..., thus constituting a ' ea. The
optical disc shown in Fig.2 1is confornable to the so?%g%?é@bﬁ%(@gta 2
format and has an intermttent wobble substrate on which a straight groove
portion SG which is a non-nodul ated gui de groove having no wobble, and a
wobbl ed groove portion WG which is a nodul ated guide groove referred to
as doubl e spiral and having on its bpth sides a signal information
recording sidewall Wthat is wobbled by providing address information

FM nodyk af ed: at ?@W | Y Be X : ; | prar
vel ocﬁpt, a?lg?l 21 e#%%@%ﬁgr ovl éllgz‘?reghgg%%ﬁvﬁgt%@eﬁitﬁg?\ggﬁuaek% ress
informati o rovi ded in the wobble ropve portiaon corresponds..t.o two
tr ackgator. Do I mOReI oAb oD JEBdeTTey PorprD Bl OTA ASHAD s Bl
substrate shown in Fig.2 is used. Also, in the follow ng description, a
beam spmntity intreasess eThtrefere; He bl Hght milesied pod ditfraciedion thecdised on
the inner circle side of the optical disc than a |laser beamfrom an

opt i cajurRice ks Bsymiiet 3EQWh.the FrablRTg! ﬁlﬁﬂtHeQnﬁ%sﬁieSﬂggB,%goﬁﬂih ethedigigpot  in
the case where the wobbl ed groove portion Wsis |ocated on the outer circle

si de t ' ' t I?Fﬂff}i . rred to as a spot SB, as
shown t?zﬁml:tﬁﬁgs%ﬁééﬁﬁt}orﬁ%a?ﬁph%g%agne%%ﬁ%év& S arlesacgﬁgg’i an beans such t hat
their intensity distribution is 2 cenper, 2003 10, .Gaussi.an.di stri bution.
In the fol ﬁ%ﬁflﬁ@p%&?%pnaﬁ? OREAARS 1y Palingd £ thespgnal Jpforajtiong
referred to as a track TA, and a track irradiated with the spot SBis

r ef er rredomling sidewhkll V8, aswiteis medwsszdyby R dilty dieomtensity rdistaibution is
nunerical conputation to find a change in the intensity distribution of
the | apembeaicduh e Radlt 't in the radial direction of the optical disc, though not

shown. The intensity of the laser beam cast onto the side of the track T, where the
signal information recording sidewall W is provided is higher thanin the case where
the laser beam is normally cast, and the intensity of the laser beam cast onto the side
of the track T, where the signal information recording sidewall W is not provided is
lower than in the case where the laser beam is normally cast. Therefore, the return
light reflected and diffracted on the disc surface is asymmetrical on the track T ,, and
the intensities of the return light from the signal information recording sidewall W also
differ.

Fig.S shows the result of numerical computation to find the characteristic of a
signal based on a return light from the signal information recording sidewall W in the
case where a laser beam is cast onto the optical disc while the tilt quantity is actually
changed. In this case, a wobble component signal, which is the signal based on the

return light from the signal information recording sidewall W in accordance with the



In the case where the spot SB cast on the optical disc is normally cast

w thout being influenced by a tilt, that is, in the e tilt
guantity is "0?", the intensity distribution is symn%?]r%i%g%\?ﬁér?m{oﬁe center
position of the track T. in the radial direction of the optical disc, as
shown by a solid line COB in Fig-4. Therefore, the return light reflected
and diffracted on the disc surface is symmetrical at the center position
of the track TB in the radi al directli on of the optical disc. On the other
hand, if the spot SB cast on the optical disc is inclined toward the
signal i nforpation recording sidewall ecagyse of the distorti.gn,due to
Che i Qe is ohr neR cainggpoctace AIE ARTERS i prerEwiavey oroved 8 as
shown by a broken Iine C0.6B or a chain-dotted line CL.2B in Fig.4. That
i s, i the signahidfomhetientreeordpng siddveBW.on the optical disc has a tilt
gquantity of "0.6?" or "1.2?", the intensity distribution is asymetrical

on the traqfa?&%rv%gldiﬁnga:ﬂhﬁgesd&)ﬂmtd itatie tofehoBidnak basi & 6n ths rétaewn by
the broken |ine .6B or the chain-dotted line CI.2Bin Fig.4. The

i nt ensj | @s . . ' : e the
o1 gnan PSSPt S Hosr B YRC SR Al R MsRUEPRL SR SeordiRRED | 12
case where the |laser beamj|s normally cast the, intensity of the |aser
boam S0 Tl au A is: (e, webblesamarnent aambsipns refegied 1038 ashEhber 2003
11 information recording sidewall Wis not provided is higher than in the
case wandnecurive plotigy clnges iof {roamplitudecefsthe stz based endhe etuomdightor e
outstanding as the tilt quantity increases. Therefore, the return |ight

ref | egifexk sy Fliffdrh @sd @endlinfdimationGecordidgsigdewallavyiaetsidante WitHthe track
TB, and the intensities 10.6B, 11.2B of the return light fromthe signal

ot o G P AP A AR STl R BsiPain S St (he

presented such tendency that both the amplitude of the wobble component signal SIG,

and the amplitude of the wobble component signal SIG; are dependent on the tilt
quantity and are symmetrical about a tilt quantity of “0°”, as shown in Fig.5. If a
signal expressed as the difference between the wobble component signal SIG, and the
wobble component signal SIGy is referred to as a tilt detection signal SIG., the linear
characteristic within a range of about -0.75° to about +0.75° about a tilt quantity of
“0°” can be provided, as indicated by a curve C;. The lead-in range is about -1.2° to
about +1.2°.

An optical disc reproducing device 10 shown in Fig.6 as an embodiment of the
present invention is adapted for detecting and compensating the tilt quantity by using
such a characteristic.

As shown in Fig.6, the optical disc reproducing device 10 includes: an optical

pickup 11 as optical pickup means for reading out digital data recorded on an optical



recording sidewall Was it is influenced by a tilt, the intensity i
distribution is asynmetrical on the track TAin the Qﬁﬁﬁe@%mgérrz%‘é’s' on of
the optical disc, though not shown. The intensity of t aser beam cast
onto the side of the track TA where the signal information recording
sidewal | Wis provided is higher than in the case where the |aser beamis
normal ly cast, and the intensity of the | aser beam cast onto the side of
the track TA where the signal infornmpiion recording sidewall Wis not
provided is lower than in the case where the | aser beamis normally cast.

1< noy PGt PPESROSAS h, 1y, BehviRloE RN TR, ﬁﬂliéﬁsﬁfﬁl off MREFRTARY | Ghe

fromthe signal_.information recordl ng. si de Walso, differ, Fig.5 shows
the r GAVETSON ROYrepRYEIsion) Rhihe Sigrsh ofitputte @Iﬁéh%HBFIS@tIEFlF‘&H BFETKO si gnal

based on a return light fromthe signal information recording sidewall Win
the ocdsmitvhdrfer canaiey threaptica pigkup dit v chwy apttiteadking so ashid keetha tilt
gquantity is actually changed. In this case, a wobble conponent signal,

whi ch dehstdie dik@nak f?@ﬁedleo@?ﬁém dis€lagntdri t%ﬁtrcflllﬁg' thi erofa gl drwmgrrat ion
recording sidewall Win accordance with the 22 Decenber 2003 12 t

or ovi danprtiSn BE SRR Aot FRE AT 8 0 R G0 A ??%Q%ﬁ%s

plotting ch?n ges.of the anplitude of the signal based on the return i ght
of theSIgRRO sﬂeﬁ}rsﬂi&qqeeg¢>g¢fanppn¢ms ﬁE§Ib‘PPtPEE6¢tGFH§n Fauhhs s ppfion |
accordance wth the tilt quantity (i.e, wobble conponent signal SIGA) is
r ef er raaded¢tiorameans dov det€dfing abel pasitionvef 01 objéctiyedban@ssvith respechtplai t ude
of the signal based on the return light of the spot S. fromthe signal
I nf Or "Rl dkOBn RE VphlicAD dic e biWis Bf ACHAE SIS Qighal Brdmi@ position sensing
detector (PSD) 27, which is a sensor provided in the optical pickup 11; a gate pulse
circuit 16 as gate pulse generation means for generating a gate pulse on the basis of
the detection signal from the PSD output detection circuit 15; a switch 17 as switch
means for opening and closing on the basis of the gate pulse generated by the gate
pulse circuit 16; an amplitude detection circuit 18 as amplitude detection means for
- detecting the amplitude of the wobble component signal passed by the band pass filter
14; atrack discrimination circuit 19 for discriminating whether the wobble component
signal passed by the band pass filter 14 is based on the return light from the track T,
'or based on the return light from the track Tg; an address detection circuit 20 for
extracting and detecting the address recorded on the optical disc from the wobble
component signal passed by the band pass filter 14; an equalizer 21 as waveform

equalization means for performing waveform equalization processing on an RF (radio

frequency) signal inputted from the IV conversion circuit 12; a data discrimination




tilt quantity (i.e, wobble conponent signal SIGB) is referred to as a curve
CB, there is presented such tendency that both the applytUdgeLiggshe wobbl e
conponent signal SIGA and the anplitude of the wobbl e conponent 'signal

SI GB are dependent on the tilt quantity and are symmetrical about a tilt
quantity of "0?", as shown in Fig.5. If a signal expressed as the

di fference between the wobbl e conponent signal SIGA and the wobble
conponent signal SIG is referred t 488 a tilt detection signal SIGT, the

| inear characteristic within a ranae of about -0.75 ? to about +0.75 ?

about a ti.} uaptity af , "0?" can he provided, .as.indicated.h curve C. .
The' | et 22 9 gte GlssHmination osaps fonRhgreting st T dbE Rigal dfducd
reproduci ng device 10 shown in Fig.6 as an enbodi ment of the present

i nventfrom the equalizes @1fand ddsrboinating dhel datardséenttomi qagabiy: 4 tilt dgteotiont y by
using such a characteristic. As shown in Fig.6, the optical disc

r epr odufded&allRY $etind And Heived@istial @Rnepitiocietircuit 28 4B tifld&@ciph ntédnsogkup
means for reading out digital data recorded on an optical 22 Decenber 2003

13 di Not i b,ON. Cii T Gl L. Lrying.
curren“fﬂg{yc%ﬁgé)&z%égéﬁl\(l)gp%fil%{ﬁqﬁ{]éﬁ%%;\tg’e?lgé%n]?k%f%éqg} g?\]éfle %u 6ﬁ tef Tt rom
the optical pickup 11; a servo circuit _13 for causi .the qptical_ pickup
11 to @ENHPSoaRt oakiel ig davaan actpatey 25 entbs il Bichite T 667108
optical disc and for controlling the rotational driving operation of a

spi ndlmpensationat! thkéitltn; a band pass filter (BPF) 14 for passing a signal
of a desired frequency conponent; a PSD output detection circuit 15 as

position dEf@epiiedl perus 11 Mas U8E 6bjdcNigetlbls ROTbE condersiag adabackdane | ens
25 with respect to a track on the optical disc on the basis of a detection

S| gnalfr(f)r'hOH]Iﬁsé}oaic}deoﬂ&sﬂ{ésh&gator 26 for driving the objective lens 25 by an

electromagnetic force, the position sensing detector 27 for sensing the position of the
objective lens 25 with respect to a track on the optical disc, the laser diode (LD) 28 for
emitting a Jaser beam, a prism 29 for transmitting £he laser beam émitted from the laser
diode 28 and for internally reflecting a return light reflected and diffracted on the
optical disc surface, and a photodiode (PD) 30 for receiving the return light which is
reflected and diffracted on the optical disc surface and made incident thereon by the
prism 29. |

The objective lens 25 condenses the laser beam from the laser diode 28 and
casts it onto the optical disc, not shown.

The actuator 26 has a coil, a magnet and so on, and drives the objective lens 25
by an electromagnetic force so as to cause the objective lens 25 to track at a desired
position on the optical disc, not shown.

The position sensing detector 27 is a sensor attached to the actuator 26 for



detector (PSD) 27, which is a sensor provided in the optical pickup 11; a
gate pulse circuit 16 as gate pul se generation neans, %%%C&ﬁg&r@ bhnNg a gate
‘pul se on the basis of the detection -signal fromthe out put et ection
circuit 15; a switch 17 as switch nmeans for opening and closing on the
basis of the gate pul se generated by the gate pulse circuit 16; an
anplitude detection circuit 18 as anplitude detection neans for detecting
the anplitude of the wobble conponen§ssignal passed by the band pass filter
14; a track discrimnation circuit 19 for discrimnating whether the wobble

gt Serbine e s gRe Bhidtfe 1802 PRAM koo al‘éﬁ@??iﬁng BriCaldfe’ 75" an

address detection circuit 2Q for extracting. and tec ng the address
r ecor dERE pAsitine senting detegios < 7outpits néemﬂﬁnélgr@bw%ﬁé’rﬁ oPipddeletiond by

the band pass filter 14; an equalizer 21 as waveform equalization neans
for pea:ii“arimlﬁgwwmmwmtﬁbd@sedibahlaiﬁn processing on an RF (radio frequency)
signal i nputted fromthe IV conversion circuit 12; a data discrimnation 22

Decenber e WserClidldl 28 Ahsas lgfh %eiflitfif 'éEbﬂ@ﬁ'xﬁHdérQﬁ“SfofrOéxaffﬁ Je2Gl i ng
dat a fromt e signal inputted mthe equal i zer 21 and discri natlng t he
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out detection of the tilt quantity or the like; and a tilt dr|ve circuit 24
for cdiodgidigbesamesicidsnt o8 the prismaAdact uat or 26 of the optical pickup 11
for the conpensation of the tilt. The optical pickup 11 has the objective
| ens 25 f or Thepdisns29transthits dre lnsarbeain winich iszssittedifonn tR8lasthdicaletd®at or 26
for driving the objective lens 25 by an electromagnetic force, the
posi ti giY AR RGIACRE 8RN, 24d [Riat e 198 B nPRSthe i Bje@ive 188s 25. Also,
the prism 29 internally reflects the return light which is reflected and diffracted on the
optical disc surface and made incident thereon, and radiates the return light to the
photodiode 30.
The photodiode 30 has a photodetector and a photoelectric conversion section.
The photodiode 30 receives the return light which is reflected and diffracted on the
optical disc surface and made incident thereon by the prism 29, then converts the
return light into an electric signal, and outputs the electric signal to the IV conversion
circuit 12 on the subsequent stage.
In the optical pickup 11 thus constituted, the laser beam emitted from the laser
diode 28 is cast onto the optical disc, not shown, and the return light reflected and
diffracted on the optical disc surface is received, thus reading out digital data recorded

on the track on the optical disc surface. The optical pickup 11 also has an optical

system for, in practice, casting two sub-beam spots SS,, SS, in addition to the spot S,



objective lens 25 with respect to a track on the optical disc, the | aser
diode (LD) 28 for emtting a |laser beam a prism 29 Inhki ng the

| aser beamemtted fromthe | aser diode 28 and for i%?[g?%%rﬁ%@rog?l ecting a
return light reflected and diffracted on the optical disc surface, and a
phot odi ode (PD) 30 for receiving the return light which is reflected and
diffracted on the optical disc surface and nade incident thereon by the
prism 29. The objective | ens 25 con ses the |l aser beamfromthe | aser

di ode 28 and casts it onto the optical disc, not shown. The actuator 26

has a coil, .a magnet, and so 0 an rives the objective.l.ens, 25 . by an
o1 oct (oRalghorhsa PaRtbow saet Rdhe Spbeth ¢SSt aBo R SIS Ragne e op o
desired position on the optical disc, not shown. The position sensing

det ectlightefeflected amhdiffragtedanttbd opticelhdise serfacwm as ghowniin ¥Fig.peddetstb- 2003 15
sensing the position of the objective lens 25 with respect to a track on

the OﬂidaﬁwsRQisSSS , SB)earpasist b HRNGrighdgte@nicopoRiorn8Gut she wistded i on
signal to the PSD’ out put detection «circurt 15, which will be described
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sem conduct or "T'aser, aser pbeam e |l aser beam
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and nmade incident thereon, and radiates the |aser beamto the objective
| ens 2@urfadesare ustd fpritsank2 discnineination yofr di¢ gnai bmrmcmhylﬁhgh{rami chis
reflected and diffracted on the optical disc surface and made i nci dent
t her edisclamendtast air@sit the return light to the
The IV conversion circuit 12 carries out current-voltage conversion of the signal
outputted from the photodiode 30. The IV conversion circuit 12 outputs the signal as
a result of conversion to the servo circuit 13 and the band pass filter 14 on the
subsequent stages. The IV conversion circuit 12 also outputs the RF signal as a result
of conversion to the equalizer 21 on the subsequent stage.
The servo circuit 13 carries out focusing and driving of the optical pickup 11
so as to keep a constant distance from the optical disc and controls the rotational
driving operation of the spindle motor, not shown, on the basis of the signal supplied
from the IV conversion circuit 12.
The band pass filter 14 cuts off the RF signal component and other noise
components and passes a signal of a desired frequency component so as to take out the
wobble component signal from the wobbled groove portion WG, of the signal supplied

from the IV conversion circuit 12. The wobble component signal passed by the band

pass filter 14 is supplied to the switch 17, the track discrimination circuit 19 and the



phot odi ode 30. The phot odi ode 30 has a phot odetector and a photoel ectric
conversion section. The photodi ode 30 receives the rebwdzembahtooahi ch is
reflected and diffracted on the optical disc surface and rmade i nci dent

t hereon by the prism 29, then converts the return light into an electric
signal, and outputs the electric signal to the IV conversion circuit 12 on
t he subsequent stage. In the optical pickup 11 thus constituted, the |aser
beamenitted fromthe laser diode 287is cast onto the optical disc, not
shown, and the return light reflected and diffracted on the optical disc

sur f acaidrssy éstecti@d cirtiig 20r@ptlienubeequait gtdgak. data recorded on the track
on the optical disc surface. The optical pickup 11 also has an opti cal

system for ,Tiégpgeﬁggﬁn@g? dsfe%ﬁbhrtgré{]‘é‘{oﬁ aere?&aﬂmemﬁorﬁ%hé@@-ebﬁv@%te ion to

t he spot SA 003 16 pot SB) as I n beam spot to
' di. h , d A h . Ligh fl .ed .and
oP% 1ok % esPRl SN ur P SRS S s b SeleFiRCyBtncs

spots SS1, SS2 are cast_onto the straight groove portion SG or the wobbl ed
gr oovesuppiieddromghe poaitionrseasng datesfor Bé. ddsi R3Broudput drdeetaom ciseninldpot .
The return lights of the sub-beam spots SS1, SS2 reflected and diffracted
on t heo@ipuischle dbtsctions sighat éndicgting ik fayulit sfaddtedliss oif the pokipibnodf thee nai n
beam spot by the track discrimnation circuit 19. The |V conversion

circui %gééﬁgggﬁsg%e%?c#&% Eﬁbhv&}chﬁgﬁs SH'i’P{t?Eéﬂs%ﬂu%t %?g% signal outputted

fromt conversion circult uts the signal as
SRR G M e CRERE TN LR R T R
stgnal sigxslalafr(rnistg!e tPSD output detection circuit 15. Specifically, the gate pulse circuit 16
generates a gate pulse to close the switch 17 on the subsequent stage when it is
discriminated that the objective lens 25 is located near the center (zero point) of the
t;rack on the optical disc, on the basis of the detection signal from the PSD output
detection circuit 15. When it is discriminated that the objective lens 25 is located
~ outside of the vicinity of the center of the track on the optical disc, the gate pulse
circuit 16 causes the switch 17 to open.
The switch 17 opens and closes in accordance with the gate pulse generated by
the gate pulse circuit 16, thus connecting and cutting off the band pass filter 14 and the
subsequent amplitude detection circuit 18, as described above.
The amplitude detection circuit 18 detects the amplitude of the wobble
component signal passed by the band pass filter 14. The amplitude detection circuit

18 supplies an amplitude detection signal indicating the detected amplitude to the tilt

detection, target value setting and drive signal generation circuit 23 on the subsequent



of gonversion to the equalizer 21 on the subsequent stage. The servo.
circuit 13 carries out focusing and driving of the opti i 11 so as
to keep a constant distance fromthe optical disc andbggﬁ%ﬁg*gkgﬁg
rotational driving operation of the spindle notor, not shown, on the basis
of the signal supplied fromthe IV conversion circuit 12. The band pass
filter 14 cuts off the RF signal conponent and other noise conponents and
passes a signal of a desired freque gy conponent so as to take out the
wobbl e conponent signal fromthe woblbl ed groove portion WG of the signa
supplied fromthe IV conversion circuit 12. The wobbl e conponent si gnal
passedtage.- t he band pass filter 14 is supplied to the switch 17, the track
discrimnation circuit 19 and the 22 Decenber 2003 17 address detection
circuit 20Wr thwksdiseinantiont agesit The dRSDiminaest vwietthet ithe siobhlet 15
detects the position of the objective lens 25 with respect to the track on

the ophifidinet § nggPﬁi‘s%dttﬁ;ﬂ}% b_?_hd&ﬁ@s fifkeiiieMasi dBA the S4APA !ngﬁt fropn the

position‘*sensin ect or e PSD out put detection circuit 15 outputs

the dejecti si.gn indicating the result,of detectiqgn of. ition of
the © ghf BacRuEligf 3he aB5YE AiheidheSeot Phessf $h 768 PR Lk iR bt
stage. The gate pulse circuit 16 generates a gate pulse on the basis of the
det ectifask Tiglikthghe 3p@83@p he PSD out put detection circuit 15. Specifically,
the gate pulse circuit 16 generates a gate pulse to close the switch 17 on
t he subseqgpetifidaliyethwitesck discrémirditoordiruiial cartieabut treclodjseciminatibens 25
is located near the center (zero point) of the track on the optical disc,
on tNDRR! Hafl bidH sp6t ﬁﬁﬂﬁfhl]@kﬁﬁg'&s%ﬂetﬁtﬁ Syt Fihe Pot 8StasqReCi T cui t

15. Wien it 1s discrim-nated that ve I ens’ 25 i s | ocated
main beam spot is cast as shown in Fig.7, the signal based on the return light of the

sub-beam spot SS, has a predetermined frequency because of the influence of the
signal information recording sidewall W which is wobbled by providing the FM-
modulated address information. Therefore, a signal obtained by filtering this signal
through the band pass filter 14 has a predetermined amplitude value. On the other
hand, the signal based on the return light of the sub-beam spot SS, includes only a DC
component, and therefbre a signal obtained by filtering this signal through the band
pass filter 14 has an alﬁp]itude value of approximately “0”. Thus, the track
discrimination circuit 19 can discriminate whether the main beam spot is the spot S,
or the spot Sy, by comparing the signals obtained by filtering the signals based on the
return lights of the sub-beam spots SS,, SS, through the band pass filter 14.

The track discrimination circuit 19 supplies a track discrimination signal
indicating the result of track discrimination to the tilt detection, farget value setting and

drive signal generation circuit 23 on the subsequent stage.



outside of the vicinity of the center of the track on the optlcal di sc, the
gate pulse circuit 16 causes the switch 17 to open. ga gpmkﬁ opens
and closes in accordance with the gate pul se generate e pul se
circuit 16, thus connecting and cutting off the band pass fllter 14 and the
subsequent anplitude detection circuit 18, as described above. The
anplitude detection circuit 18 detects the anplitude of the wobble
conponent signal passed by the band pass filter 14. The anplitude detection
circuit 18 supplies an anplitude detection signal indicating the detected

gener at1 on T ey Beigfon Bl ool Al SRHRRE IR CbB A

track discrimnation circuit 19 discrimnates whether the wobb| e conponent
si gnalthpaptical disc from pagiwopblescamperant signad paassdPothe bradRassAHIST Ight from
the track TA Iike the above-described spot SA or based on the return |ight

fromthe tThekqidider B¢ it heppdiedtwiB thSRECsignaldirom, the BY ¢oreveksidi sirciiiti nat i on
circuit 19 carries out track discrimnation of the main beamspot in the
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cast as In Fig.7 e S|gna ased the return l'ight”of the
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the FM nodul at ed address i nformation. Ther efore, a signal obtained by
filtererrer signal supplied from dheyiilt Hetastion. targst Valutee?ettingt%i driye sUgRdr i ned
anplitude value. On the other hand, the signal based on the return |ight

- of t hezesiehatimaciv@ivl3,S58lich wdll Md&smﬂbe}d latddCand thus compensates the lowering
of the MTF (modulation transfer function). The equalizer 21 outputs the signal on
which waveform equalization processing has been performed, to the data
discrimination circuit 22 on the subsequent stage.

The data discrimination circuit 22 extracts data from the signal inputted from -
the equalizer 21 and discriminates the data detection capability such as the jitter exror.
The data discrimination circuit 22 supplies a data discrimination signal indicating the
result of discrimination of the data detection capability to the tilt detection, target
value setting and drive signal generation circuit 23 on the subsequent stage.

The tilt detection, target value setting and drive signal generation circuit 23
detects the tilt quantity on the basis of the amplitude detection signal of the wobble
component signal supplied from the amplitude detection circuit 18, the track
discrimination signal supplied from the track discrimination circuit 19, and the data
discrimination signal supplied from the data discrimination circuit 22. The tilt

detection, target value setting and drive signal generation circuit 23 also sets a target



component, and therefore a signal obtained by filtering this signal through
the band pass filter 14 has an anplitude val ue of ap I -0". Thus,
the track discrimnation circuit 19 can discrim nat eﬁg\h@élf%@?&{%?ge’nai n beam
spot is the spot SA or the spot SB, by conparing the signals obtained by
filtering the signals based on the return |ights of the sub-beam spots
SS1, SS2 through the band pass filter 14. The track discrimnation circuit
19 supplies a track discrimnation ? nal indicating the result of track
discrimnation to the tilt detection, target value setting and drive
signal generation circuit, 23 on the syhseguent stage...22. e r 2003 19
The ad@festorfomaRansatonwith respse to.a Pﬁd{@&éﬁaﬂa’@i‘b"gwlﬁﬁ@ﬁﬁa %&thigcor ded
on the optical disc fromthe wobble conponent signal passed by the band
pass ftilt tqmantity. Moecaualliez tilt datectionuppreebdalwe etting mrd driFamisignadm t he
|V conversion circuit 12 and perforns waveform equalization processing for
the cqrgltiofiRuit®3 ﬁﬁe@:ﬁega deive spindl ier Bifvipigghatiltariviehdrduiked, wihich

equal i'zer 21 adjusts e gain on the basis of atilt error signal supplied

rom 9y BRI (SN B8 P keds e Saceply sigpa o

circui hus conpensates the

| owering of the MIE (nodulation transfer function). The e izer 21

out putexpressed iagridie djﬁi(erwﬂaéﬁfﬂ:lmé%’v‘?ﬁne a‘llﬁz‘a iCBH%BrV %‘%é‘ﬂﬁaﬁ"ﬁégr en
perfornmed, to the data discrimnation circuit 22 on the subsequent stage.

The datadueli Theitilt deteictinnciargeti tal@e settingzeotd drise signad genprationggizduit ddut t ed
from the equalizer 21 and discrimnates the data detection capability such

G otr PRI et Tretopsg hogabion 2 astbipesstoneosmintin, s
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The tilt drive circuit 24 generatesa control signal on the basis of the drive signal
supplied from the tilt detection, target value setting and drive signal generation circuit
23, and drives the actuator 26 of the optical pickup 11 into the direction of
compensating the tilt.

In the optical disc reproducing device 10 thus constituted, the wobble
component signal SIG, in the case where the laser beam is cast onto the track T , like
the above-described spot S, and the wobble component signal SIGy in the case where
the laser beam is cast onto the track Ty like the spot Sy are sampled, and the tilt
indication value expressed as the differential value between the wobble component
signal SIG, in the case where the laser beam is cast onto the track T , and the wobble
component signal SIG; in the case where the laser beam is cast onto the track Ty is

found by the tilt detection, target value setting and drive signal generation circuit 23.

Then, the optical pickup 11 is controlled and driven so as to make the tilt indication



val ue setting and drive signal generation circuit 23 on the subsequent
Stage. The tilt detection, target value setting and dki i eneration
circuit 23 detects the tilt quantity on the basis ofb?Egmghggﬁégge
detection signal of the wobble conponent signal supplied fromthe
anplitude detection circuit 18, the track discrimnation signal supplied
fromthe track discrimnation circuit 19, and the data discrimnation
signal supplied fromthe data discrimination circuit 22. The tilt

detection, target value setting and drive signal generation circuit 23 al so
sets I val ue for conpensation with respect to a
tilt Sﬁ%ﬁ%g?%%ﬁgbgﬁﬁgggﬁé?%g??ﬂégihe detected tilt quantity. Moreover, the
tilt detectj t ar get. val ue .setting.an ive, si gnal eratiho ircuit
25 gener at d8 18 gpGE" st RentSaB i degis Torboten ' PRy arBRPEY Ghof ot

wi |l be described later, for conpensating the tilt on the basis of a tilt
er r or valymesicordsdynmea seufreldragkasd qandial mfoamavgn gecorguigwien of Hee eptical

i ndi cation value and the target value. The tilt detection, target val ue
setti Rﬁscﬁﬂﬁ?rdjd weedsisghaltargenedlat e taiget walueddn alsppeisesby tiee fidloweingd tilt
error signal to the equalizer 21 and supplies the generated drive signal

to t Nontilold Ath¥ tnitlal Bhtiatieh iRToddiRgTHORPRLAMisel age.  The Lilt drive

circu generates a control sign asis of the drive signal

supplied fromthe,.tilf detection, ,tar val ue setting. and dri.v i_gnal
gener at i on IB:&‘%HPPCE‘} SCIZREP %QeYlﬁgch%‘ﬂﬁ?ﬁFﬂ 18389’%!%88?#185]1 (ﬁfﬁg’ckup 11
into the direction of conpensating the tilt. In the optical disc

r epr odbeidsiyeduignelegamerated dycthestilt detassion; targabovaine setipond driveiigar!l s ca
in the case where the | aser beamis cast onto the track TA like the
above-giaseatidieciranol3 $Aswpdiddte thehil dricorironit@, anditled aGuaR1i26 ¢hthecase

wher e
optical pickup 11 is driven under the control of the tilt drive circuit 24 while the tilt
- quantity is changed. Then, in the optical disc reproducing device 10, the tilt indication
value corresponding to the change in the tilt quantity is found by the tilt detection,
target value setting and drive signal generation circuit 23, and the correlation between
the tilt indication value thus found and the data detection error based on the data
- discrimination signal supplied from the data discrimination circuit 22 is measured.
The tilt indication value that minimizes the data detection error is set as the target
value.
| In this manner, in the optical disc reproducing device 10, an optimum target
value can be set on the basis of the correlation between the tilt indication value and the
data detection error.

Also, in the optical disc reproducing device 10, the accuracy of the {ilt

indication value can be improved by using the following method in sampling the



the | aser beamis cast onto the track TB |li ke the spot SB are sanpled, and
the tilt indication value expressed as the differentbfbe&%hggﬂﬁ@gmeen t he
wobbl e conponent signal SIGA in the case where the | dser beam’i s cast onto
the track TA and the wobble conponent signal SIGB, in the case where the

| aser beamis cast onto the track T. is found by the tilt detection,

target value setting and drive signal generation circuit 23. Then, the
optical pickup 11 is controlled and iven so as to nake the tilt

i ndi cation 22 Decenber 2003 21 value“closer to the preset target value. In

the optical disc repr.oduci device 10, though a.preset arbitrary value or
o varuebblscommaneahsignalcioin the Sese Whete 105 ayeD bepmy S cadah Heliarki ng
area of the optical disc may be used as the target val ue, the target val ue
can alBpand thetwolbleenipsneshsiggal &b@@wﬂmcmewgmetﬁhallaméeam encash

| oadi ng the optical disc. In the optical disc reproducing device 10, at the

time qintbeRélirack TheTapkawlingnsthod Wikl ndw bedaiceibad withefaeade yFigt. tilt
detection, target value setting and drive signal generation circuit 23 is

supplied topt Il ty. drd o i , ; pti cal
pi ckup 11 |OIsn %br%l%éelhtdhcn{fg}r{ﬁ[%ﬁtg%ﬂ%?%ﬁ .acr)l? qﬂ#ﬁ?ﬁ?t% E)(Lji?l F\?Jg t%?lr %Fisnggc‘\?ml |l e
the tilt uaptity i h ed. Then, int opiical .disc.reproduc devi ce
10 ¢ 1R O hiabbiadiofe 3045 tie orlicabelsbili Hg S tote THIRGEST BHEOHERE) |
quantity is found by the tilt detection, target value setting and drive

si gnal cogepenerttisignal ichenges, &3, aarbe opidcal pielaipal ] éndmeeme Bhe tilthadigation

i ndi cation value thus found and the data detection error based on the data

di scrivilagthe 5y tieallt dsteaidre thrgeonmltdsettag andidsiveisigma e ndracion@iicujt22 i s
neasured. The tilt indication value that m nimzes the data detection

error 35 khlgelidt 361y 9 theVidkence of the tilt itself but also due to the driving of
the optical pickup 11. Thus, in the optical disc reproducing device 10, a wobble
component signal near the center (zero point) of the track on the optical disc.is
sampled, where the wobble component signal has a large amplitude and is sharp
because of little influence of noise or the like and where little shaking of the objective
lens 25 occurs due to the driving, within the range of driving of the optical pickup 11
on the optical disc.
First, in the optical disc reproducing device 10, when driving the optical pickup
11 on the optical disc, the position of the objective lens 25 with respect to the track on
the optical disc is detected by the PSD output detection circuit 15.
Then, in the optical disc reproducing device 10, the range for the objective lens
25 to be located near the center (zero point) of the track on the optical disc is preset
as a threshold level, and when the objective lens 25 is located within the range of this

threshold level, a gate pulse for closing the switch 17 is generated by the gate pulse



In this manner, in the optical disc reproducing device 10, an optinum
target value can be set on the basis of the correl at bopecbshugemoghe tilt

i ndi cation value and the data detection error. Also, in the optical disc
reproduci ng device 10, the accuracy of the tilt indication value can be

i nproved by using the follow ng nethod in sanpling the 22 Decenber 2003 22
wobbl e conponent signal SIG, in the case where the |aser beamis cast onto
the track TA and the wobbl e conponepg signal SIG in the case where the

| aser beamis cast onto the track TB. The sanpling nmethod will now be

descri : nce to Fig.8. In general, the return light reflected
and dié%?lrg?gﬁalgcgﬁﬁl?ﬁg' optical disc surface shifts on the photodi ode 30 as

changes,  oberanhg oplitedind EhreliChE 4Tes 1 0o bR PR IAbpls

val ue found by the tilt detection, target value settin angl%éjri ve si gnal
gener aonpporgnt signal imzittaddngibas sentreHing andclpging tae switeh,bh %FCﬁeHthi | t
itself but also due to the driving of the optical pickup 11. Thus, in the
opt i cahe dhfslitudpdetetiongidaitileaddyadowstypeeof indomuatéot arsisgppliedtathet he
center (zero point) of the track on the optical disc is sanpled, where the

wobbl ;¢ Hgfé%ﬁ%ﬂt tzﬁk%lu@‘"S‘éttﬁaténag{cf??ﬁg@gi#gfay\g@n@rﬁﬁph%il%ﬁﬁrﬁ vhegRussckof

little influencé of noise or ere little shaking of the

obj ectj.ve. I.eqs 25, oc.ct*,g;i)s due to the driving, within the range of driving

of t hBPtTeA M EXEB 17- on the optical disc. First, in the optical disc

reproduci ng device 10, when driving the optical pickup 11 on the optical

di sc, the eiopticet disp ecprpglecing devicedd, suclyprasepungas carrigdioyd for Hisk on

the optical disc is detected by the PSD output detection circuit 15.
wobble component signal SIG, in the case where the laser beam is cast onto the track

T, and for the wobble component signal SIGj in the case where the laser beam is cast
onto the track T, and information related to the wobble component signal SIG, and
the wobble component signal SIG, is supplied to the tilt detection, target value setting
and drive signal generation circuit 23. As described above, the discrimination between
the wobble component signal SIG, in the case where the laser beam is cast onto the
track T, and the wobble component signal SIGy, in the case where the laser beam is
cast onto the track Ty is carried out by the track discrimination circuit 19,

In this manner, the optical disc reproducing device 10 can carry out tilt
detection and compensation with high accuracy.

The characteristic of the signal based on the return light from the wobbled
groove portion WG in the case where the laser beam is cast onto the optical disc while
the tilt quantity is changed is as shown in Fig.5. In practice, however, an offset is

generated at the point of intersection between the curve C, and the curve Cg, resulting



Then, in the optical disc reproducing device 10, the range for the
objective lens 25 to be |located near the center (zerg, &ﬂ%ge ooghe track
on the optical disc is preset as a threshold level, an en the objective
lens 25 is located within the range of this threshold |evel, a gate pul se
for closing the switch 17 is generated by the gate pul se 22 Decenber 2003
23 generation circuit 16. Then, in the optical disc reproducing device 10,
t he anplitude of the wobble conponggf signal inputted by thus controlling
and closing the switch 17 is detect by the anplitude detection circuit
18, and various types of information are supplied tg the .tilt detection,

t ar getimveadififerent painyframthemoiet whesdhe fliauaatityis @ v culhatds ngither ke ¢ r ack
discrimnation circuit 19. In the optical disc reproducing device 10, such

pr ocesghplitude oftie wdbblet cémpondit sigwdlb$ kG ¢ nop tire amplitgdabf Shécvabiblehe case
where the | aser beamis cast onto the track TA and for the wobble

conpo %piﬁﬁﬁﬁﬁﬁ@d i Eﬁﬁft;:{ﬁz‘?l;@(gﬁ?ﬁtgeuﬁ)ih@@%r@ﬁﬁm]i Fuity isoQr |t he

track or mat fon e bbl e conponent sighal SIGA and

t he wobb conponent...sj gnal SIL.GB i uppljed to.t.he Lil e i t ar get
val ue as’dt ﬁleﬁﬁ%ﬂl&a {J]rtid?gecgﬁoﬁﬁégnadeﬁgidg%tswpﬁﬁ ﬁﬁou@edégﬁ ivg{ekde above,
the discrimnation between the wobble conponent signal SIGA in the case
wher e thedilf geantityda i’ cast onto the track TA and the wobbl e conponent
signal SIGB in the case where the |aser beamis cast onto the track TBis

carried outThy mdig chuses bf gidcan imbabhenpldromenonl&sidenintahidting poecesst he
optical disc reproducing device 10 can carry out tilt detection and

fﬁgp?g?&?hﬁﬁa\ghﬁﬁ?élg%%%@%gg?@e%ﬁ%l gharacteristic of the signal based on
As the first cause, a feed error of a laser beam for cutting may be considered.
In the cutting process, in general, a laser beam for forming the straight groove portion
SG and a laser beam for forming the wobbled groove portion WG are operated in
parallel on the master of the optical disc so as to carry out cutting. - The first cause
resides in such an operation. As shown in Fig.9, when the laser beam for forming the
straight groove portion SG is shifted to the position to form the next straight groove
portion SG, or when the laser beam for forming the wobbled groove portion WG is
shifted to the position to form the next wobbled groove portion WG, the beam feed
pitch T, should be expressed by
Ta=T,x2
using the beam interval T, indicating the interval between the laser beam for forming
the straight groove portion SG and the laser beam for forming the wobbled groove

portion WG. However, the beam feed pitch T, influenced by a beam feed error is

expressed by



groove portion Wsin the case where the | aser beamis cast onto the optical
disc while the tilt quantity is changed is as shown b# pgk&mBar JgazPracti ce,
however, an offset is generated at the point of intersection between the
curve CA and the curve CB, resulting 22 Decenber 2003 24 in a different
point fromthe point where the tilt quantity is "0?". That is, neither the
anpl i tude of the wobbl e conponent signal SIGA nor the anplitude of the
wobbl e conponent signal SIGB is sy trical about the point where the tilt
guantity is "0?" and therefore the tilt detection signal SIGI is not
symetri cal bqeo t _téjr% o] ?t_,_\g{:ere the tilt quantity is "0?". The main
causes of soueH am’ifrbatmA&e phenonenon reside in a cutti ng process in
manuf acturing the nmaster of the optical disc. As the first cause, a feed
error &ad ghig to dhardird causg. t imdisedsecowhenibe thsepbieam |far repsoductiamis
process, in general, a |aser beamfor formng the strai ght groove portion
SG andskiftedfesmithanradokrT { tu thengexit i, , wahbhathgrlassebaani oo pYddwdteorfer at ed
in parallel on the naster of the optical disc so as to carry out cutting.

- The {Hifl fFeHSSe tlgapcii'fieﬁ) {18 G Hra2R PLREA AP bed i @ﬂﬁ%g tlrbsf ?%Fl?-onmhen

the | aser beam for orm’hg the straig groove portion éd to
| acer QRURRRORRE TR Al LR GRRRe por i on Vb IS shilted to the
position to formthe next wobbled groove portion W5 the beamfeed pitch
Tm shoul d b&hesgeend eguss of whea prbalansierphanesndnsantasidesrinain Errdrnio et i ng
the interval between the | aser beamfor formng the straight groove
por ti ofegi€e afidndddatios of thekmef bearh donforeninp ehavabbidl £0oEortion WG
in the cutting process. In t‘he cutting process, in general, the laser beam for forming
the wobbled groove portion WG is minuté]y moved in the radial direction on the
. master of the optical disc, thus forming the wobbled groove portion WG. The second
cause resides in such an operation. As shown in.Fig.Q, the groove width Tgg of the
straight groove portion SG and the groove width Ty, of the wobbled groove portion
WG should be in the relation of
Tss = Twe
but this relation influenced by an error in the degree of modulation of the wobbled
groove portion WG is expressed by
Tse * Twe
which leads to the second cause. In this case, too, when the laser beam for
reproduction is shifted from the track T, to the next T, or when the laser beam for

reproduction is shifted from the track Ty to the next track Ty, the laser beam is shifted

to a position deviated from the center position of the track.



portion Wa However, the beamfeed pitch T. influenced by a beam feed error
Is expressed by 22 Decenber 2003 25 T,, Tpx2=Tpx2?A ' s to the
first cause. In this case, when the | aser beam for re%?gﬁhgbﬁ%kﬁﬁg shifted
fromthe track TA to the next TA or when the | aser beam for reproduction
Is shifted fromthe track TB to the next track TB, the |aser beamis
shifted to a position deviated fromthe center position of the track. The
second cause of the inbalance phenongnon resides in an error in the degree
of nodul ation of the | aser beam for Torm ng the wobbl ed groove portion W5

in the cutting process. In th utting process, .in neral .. the lLaser beam
for forni ngﬁcﬁlﬁﬁYy@EHP%Htsg}fd@&éﬁwﬁ F$ 1 ’@Pel}t“rqﬁvcg&h? W({bﬁ’ °radi al
direction on the master of the optical disc, thus form ng the wobbl ed

gr ooV ecopapdrienn siBalSTREG 58 Q16 wihsespeettoddis tilhquantityan thpensa whare s shown
in Fig.9, the groove wwdth TSG of the straight groove portion SG and the

gr °0V9a¥@rd&éa@§%:a%£r %%WM@%M@HH% tPAUK pifdh of\UD5 ewihdld wehera atfbed

rel ation of his relation influenced by an error in the

d f | gt f.th I [ ' b SGH
T wiinest PEAvs WO it O Eoa Ry TP BRI Cop Gon INTTEIRE FRLCY poam

for reproduction is shifted fromthe track TA to the next TA. qr.when the
| aser mmmmmﬁ&éﬂ&&@@hp‘é'ﬁﬂifscﬁﬁﬁéadC%Bdﬁmc aret I@S‘%ES ?focaﬁﬂ@aﬂa&t track
TB, the | aser beamis shifted _ .

the changes in the amplitude of the wobble component signals SIG,,, SIGq; with

respect to the tilt quantity in the case where a laser beam is cast onto an optical disc
with a track pitch of 0.95 um and where A = 0 is given.

It can be understood from Fig.10 that the point of intersection between the
curve Cy; and the curve Cgg is a point where the tilt quantity is “0°” but that the point
of intersection between the curve C,, and the curve C,gy is a point where the tilt
quantity is not “0°” and an offset of approximately 0.2° is generated.

Thus, in the optical disc reproducing device 10, standardization is carried out
by the tilt detection, target value setting and drive signal generation circuit 23 so that
the peak value of one of the wobble component signals with respect to the tilt quantity
coincides with the peak value of the other wobble component signal, thus eliminating
the offset.

Specificaily, if the values of the wobble component signals SIG,, SIG; with
respect to the tilt quantity are expressed as W,, Wy, respectively, the optical disc
reproducing device 10 causes the tilt detection, target value setting and drive signal

generation circuit 23 to find the peak values (W, ),,...o (Wg)nq 0f the wobble component



to a position deviated fromthe center position of the track. 22 Decenber
2003 26 Actually, the results of calculating the chapggscémbdd®oanp! i tude
of the wobbl e conponent signals SI G40A, SIGA0B with respect to the tilt
guantity in the case where a |aser beamis cast onto an optical disc with
a track pitch of 0.95 ?mand where a feed error of A =40 nmis given are
expressed by the curves C40A, C40B in Fig.10. For conparison, Fig.1l0 also
shows the curves COA, COB, which arepthe results of calculating the
changes in the anplitude of the wobbl e conponent signals SIGOA, SIGB with

ePeckihe it 516, WRIGPEIG MRS dasguean | cast onto ar

opticd pitch o ere A=0is given. It
can be unde toogvfro ig.10 that the point of intersection between the
curve COA aMth XK R‘)lﬂd’xg]é xis a point where the tilt quantity is "0?" but
that the point of intersection between the curve C40A and the curve C40B
is a pam nt where the tilt quantity is not "0?" and an offset of
approximately 0.2? is generated. Thus, in the optical disc reproducing
devi ce 10, wBagag?y}gi zxqt(WBr)mjxs carried out by the tilt detection, target

val ue setting a five si’gnal generation circuit 23 so that the peak

cuant 1132 REARY e STl R BER MR T vt o component
wpbbi e’ conpBheHSU Grial atinaihe shesgninRie +BBide dtsht HObPIY FOHBRRETY y ar o
expressed as WA, WB, respectively, the optical disc reproducing device 10
causessighal $1G¢; alssimed byaltidaigeg val ue setting and drive si-gnal
generation circuit 23 to find the peak values (WA) max, (WB)nmax of the
wobble COMPWICRIW )y, / (W),nax

for standardizing the wobble component signal SIG,qy is expressed by the curve Cgy

in Fig.10. Asunderstood from Fig.10, by standardizing the wobble component signal

SIG,y, the amplitude of the wobble component signal S1G,, and the amplitude of the

wobble component signal SIG,, are made symmetrical about the point where the tilt

quantity is “0°”.

In this manner, the optical disc reproducing device 10 can correct the imbalance
phenomenon. In the optical disc reproducing device 10, this imbalance phenomenon
correction processing is carried out in measuring the correlation between the tilt
indication valu‘e and the data detection error at the time of loading the above-described
optical disc, for example, in order to set a target value for the compensation with
respect to the tilt indication value, thus enabling tilt detection and compensation with

high accuracy.

Meanwhile, for example, in the case of storing the amplitude value of the



22 Decenber 2003 27 signals SIGA, SIGB with respect to the tilt quantity,

and to calculate WA X (WB)max /(WA)max or WE X (WA) e ) EP%‘O as to
find the standardi zed wobbl e conponent signal. The resul técg\%ca coaoati ng

t he changes in the anplitude of the wobble conponent signal SIGSB obtained
by calculating WB X (WA) max / (WB)max for standardizing the wobble
conponent signal SIGAOB is expressed by the curve CSB in Fig.10. As
understood from Fi g. 10, by standardié%ng t he wobbl e conponent si gnal

SI 40B, the anplitude of the wobble nponent signal SI GA0A and the
anplitude of the wobhle conponent, signal SIGSB are made symetrical about
t he powabblghermperntsigeal Qi fragk T, andthe frackn['s apdriagtar, carpang nut cal

di sc reproduci ng device 10 can correct the inbal ance phenonenon. In the
opt i catorgpetativapadiitionalgildguintity &etectibn simevined ecompufahiendimeare regairedct i on
processing is carried out in neasuring the correlation between the tilt

| ndi oo o 13k UoaRthiidiR iRtHAR!RE HoPMaPbpbfatish. UTRerbiare, Wheha@ding ¢ he

above-descri optic I SC, or exanp In order to set a t ar get val ue

o ORI BhL R 3RS e Pl DR bRl
2003 Hrge tlt quanticy on the optical disc, 4 latency time of two Tofations + 4 1 reduired, |
causing such a problem that the effective access speed is lowered.

In the case of detecting the tilt quantity on the basis of sample information for
one turn within one rotation of the optical disc, there arises a problem that contour
fluctuations cannot be followed. For example, if the optical disc is rotating at 600
rpm, the time constant is as large as approximately 2 seconds. Morever, in the case
of continuously reproducing only one of the track T, and the track Ty, there arises a
problem that the tilt quantity cannot be detected.

In order to solve these problems, an improvement of the optical disc
reproducing device 101s proposed. Specifically, it is considered to improve the optical
disc reproducing device 10, and detect the tilt quantity by utilizing the sub-beam spots
SS,, SS, used for the above-described track discrimination of the main beam spot. In
this case, optical discs preferred for the application of the present invention are as
shown in Figs.11 to 13, depending on the recording area.

Specifically, the optical disc shown in Fig.11 is similar to the optical disc shown

in Fig.1 and has a land/groove substrate on which a groove portion G having on either

its inner circle side or outer circle side a signal information recording sidewall W that



28 -wobbl e conponent signal on the track T,, and the track TB and | ater
carrying out conputation, additional tilt quantity deperbi@Beidodg and
conputation tine are required for at least two rotations other than the
normal operation. Therefore, when seek is perforned fromthe inner circle
having a small tilt quantity to the outer circle having a large tilt
quantity on the optical disc, a latency tinme of two rotations + ais
required, causing such a problemthmt the effective access speed is
|-owered. In the case of detecting the tilt quantity on the basis of sanple
i nf or ' MM i : j j her e
ari sedd yeblyPhy pRAGa IV oduly D b ShiranRlioh 4 aahf Bor@r part
exanple, if the optigcal ,disc, . otating at 600 ~r the tine nstant is
e 1 brieraatelyrprog et fad Ph3%uich shek Erope Portons o Rl b Bt IR s §
reproducing only one of the track TA and the track TB, there arises a

pr obl gacending areas;iespeaiivehi.i Intheapiisal disc sbewatiadligild, thaigroovs ROFHOB t hese
probl ens, an inprovenent of the optical disc reproducing device 10 is

pr opos@ tavimetiel sigwdll iMforiiaticn eeoslige skibviall Wondieoutee cireld side ondhec
reproduci ng device 10, and detect the tilt quantity by utilizing the

sub- be(;im . . 2 used for the above-described track discrim nation
of the m@ﬁﬂ@éﬁﬁﬁv&i?&l n this case, optical discs preferred for the

application.,of the present i.nyention ar.e as. shown in Figs.11 10,13,
dopend ng. oMia b Hise ahyndh K321 adsitfacas iy oRti! dierhdFndnEAB 2a% | ¢
Fig.11 is simlar to the optical disc showmn in Fig.1l and has a | and/groove
subst riasea @roant shibatratcoon evipisht 4 Giraigi agriosye pritionheE, whichi isnarnai-rcl e
side or outer circle side a signal information recording sidewall Wthat 22
Deceniasdwiabsdl @¥ide groove having no wobble, and a wobbled groove portion WG, which
is a modulated guide groove having on its both sides a signal information recording
sidewall W that is wobbled by providing address information as signal information
FM-modulated at approximately 80 kHz with respect to a standard linear velocity, are
alternately provided, and on which an area between the straight groove portion SG and
the wobbled groove portion WG is provided as a land portion L, with the straight
groove portion SG and the wobbled groove portion WG forming recording areas.
The optical disc shown in Fig.13 has a land substrate on which a groove portion
IG, which is an inner-side modulated guide groove having an signal information
recording sidewall W wobbled by providing FM-modulated address information as the
sidewall on the inner circle side of the optical disc, and a groove portion OG, which
is an outer-side modulated guide groove having a signal information recording sidewall

W as the sidewall on the outer circle side of the optical disc, are alternately provided,

and on which an area between the groove portion IG and the groove portion OG is



i s wobbl ed by providing FM nodul at ed address information and a | and portion
L are alternately provided, and on which these groovg BQEérﬁ&Tl?% gzand | and
portions L form recording areas, respectively. In the optica gi sc shown
in Fig.11, the groove portion G having the signal information recording
sidewall Won its outer circle side on the optical disc is provided. The
optical disc shown in Fig.12 is simlar to the optical disc show in Fig.2
and has a groove substrate on whi cgoa strai ght groove portion SG which is
a non- nodul ated gui de groove havi n§ no wobbl e, and a wobbl ed groove
portion whi ch is a npdul.ated,quide gropve having on,ts th sides a
si gna[Pr?%%Sﬁj ﬂﬁ?ﬁ%"l‘fi P%W’dngn\j'lt?‘slsaég&éd POMtfgfrg]%?)g?@gdw %?g\/i di ng
address information as signal information FM nodul ated at approxi nptely 80
kHz with rdhpepticelodisc spraduciagidenicgrasval impreyemegpicof @P@bpﬁ%@éﬁvlﬁvi ded,
and on which an area between the straight groove portion SG and the

wobb! ephtighlogise rerdduein g\Gevivert®uradled lasercbdamn dnpothéseropticahidisestdnel
straight groove, portion SG and the wobbl ed groove portion WG form ng.

oo ot TRV Sk g PR 0SS, ST gt L o

whi ch™a gr 6ove por IS an rnner-$ u
havi ng .an signal informatjion .recordin i de |. Wwobhl e rovi di ng

it trodhbl ek Dl LS it e iagn gy pochut b b IR s Bl I "5 ge
of the optical disc, and a groove portion OG which is an outer-side

nmodul §assignidisripntoneThavphgaladisd igpeeducingderdce sarriescot detegtion@étha |1 was
the sidewall on the outer circle side of the optical disc, are alternately

provi gRdquariity 0@NheBh&b ofth@feanPh mmmbe)egnp?om (arget beathGpaty), ohe
groove portion OGis 22 Decenber 2003 30 provided as a |and portion L,

W th the 20 e RA ol rdmic? 51 ARk Grice it ng area.

Specifically, in the case where the optical disc having the land/groove substrate

shown in Fig.11 is used, the optical disc reproducing device uses the main beam spot
MS and one of the two sub-beam spots SS,, SS, as the target beam spots and carries
out detection of the tilt quantity on the basis of the return lights of these target beam
spots.

In the case where the optical disc having the groove substrate shown in Fig.12
is used, the optical disc reproducing device uses the two sub-beam spots SS;, SS, cast
onto the land portion L as the target beam spots and carries out detection of the tilt
quantity on the basis of the return lights of these target beam spots.

In the case where the optical disc having the land substrate shown in Fig.13 is
used, the optical disc reproducing device uses the two sub-beam spots SS;, SS, cast
onto the groove portions IG, OG as the target beam spots and carries out detection of

the tilt quantity on the basis of the return lights of these target beam spots.




The-optical disc reproducing device as an inprovenent of the ]
above-described optical disc reproducing device 10 c beam ont o
“these optical discs and fornms a nmamin beam spot MS angﬁkﬁggghgﬁgggn1spots
SS1, SS2 on the optical discs. Al of these beam spots are Gaussi an beans
such that their intensity distribution is Gaussian distribution, The
optical disc reproducing device carries out detection of the tilt quantity
on the basis of the return |ights of,,two beam spots (target beam spots), of
the three beam spots forned on the 3 tical disc. Specifically, in the case

where the gptical dis¢ havinpg the |l.and/ groave substrat shown,in Fi.g.11 is
used, the %gleifeﬁpwdﬁl& e?‘%ﬂ%‘%%@“ﬁéw&sﬁﬁgﬁpﬂ&hﬁﬁq ﬁ%’é’é&#@ﬂﬁfso and
one of the two sub-beam spots SS1, SS2 as the target beam spots and carries

out d&igclltmldhre beed i Therglarny it isnoindefinedoabethesfhe tweo beamrspats yseds of
t hese target beam spots. In the case where the optical disc having the

gr ooV gosghteteiAg thestile WitahfityFbPtheloptical umegtmcmg tevice dhdlade e adiisi ng

devi ce uses thé two sub-béam spot's SS1, SS2 cast onto the land portion L
as th rge [ t | i : tity on
fhe boshl 8P MEPBERNE1RAh 755 SRR S8  AEAORRRY  Bearh st JBRT
where the gptical .dis¢c having the | and substrate .sho i n Fi.g.13 .i used,
the osescwhes e sighalda mﬁl%éﬁpe@?%ww@%@%%ﬁ@éﬁhgﬂﬂ??% € 532
cast onto the groove portions IG OG as the target beam spots and carries

out deidecof the opticdl hhis¢ than thealaset heam from thesoptical pickarp, evodishowighss of
these target beam spots. 22 Decenber 2003 31 The follow ng description

So0e M Wi SARE e PR e bt Tt e or
signal information recording sidewall W is located on the outer circle side of the
optical disc is referred to as a spot Sy, as shown in Fig.14B. Also, in the following
description, a track irradiated with the spot S, is referred to as a track T, and a track
irradiated with the spot Sy is referred to as a track Ty, when necessary.

An optical disc reproducing device 50 shown in Fig.15 is adapted for detecting
and compensating the tilt quantity on the basis of the return lights of two beam spots,
of the three beam spots formed on the optical disc, by utilizing the characteristics
shown in Figs.4 and 5.

As shown in Fig.15, the optical disc reproducing device 50 includes: an optical
pickup 51 for reading out digital data recorded on an optical disc, not shown; an IV
conversion circuit 52 for carrying out current-voltage conversion of the signal
outputted from the optical pickup 51; a servo circuit 53 for causing the optical pickup

51 to carry out tracking so as to keep a constant distance from the optical disc and for

controlling the rotational driving operation of a spindle motor, not shown; a band pass



for ‘detecting the tilt quantity by the optical disc reproduci ng device

I ncl ude the nmain beam spot MS or the sub-beam spots 83Dkc&hBer AN
necessary, a beamspot in the case where the signal information recording
sidewall Wis located on the inner circle side of the optical disc than
the | aser beamfromthe optical pickup, not shown, is referred to as a
spot SA, as shown in Fig. 14A, and a beam spot in the case where the
signal information recording sidewald3 Wis |located on the outer circle side
of the optical disc is referred to as a spot SB, as shown in Fig.14B.

Al so, 4 ] : Chi Ptd i ' d. w t SAis
ref o Aien 3F OPRAER ERENGY BideBlieq Foqiiley cmPLRR ahlal CRRIGHE
referr to as.a Lr TB when necessary.. An aptical, .di sc reproduci ng

vt c et Sirdly i forldete By JoBEC Povelanl o iDL GOrUIRBRR SIS he
tilt quantity on the basis of the return lights of two beam spots, of the
t hr ee sagd bp thesbarst pasy fBter SHea bpttonwenvglape, datsctian ¢iruiho foredetecting
characteristics shown in Figs.4 and 5. As shown in Fig.15, the optical

di sc repowcimainvglope\ifahe Xbbble bospsnemisignl basded W tHetmndlpabofilfeeddi ng out

digital data recorded on an optical disc, not shown; an I conver si on
circui Wi : r fsent - val v | |
out put’t SPHFAcEs FRESK el i AR RGBS AN PER ARipd IRy |1\

optic I gku 51 carry. ou racki 0 as to kee onst gnt. di st ance
P om dheBegk el o dde iR ot 55 A Bie ety Rive Gps aebetad B Ro Ry odber at 1 on
of a spindle notor, not shown; a band pass 22 Decenber 2003 32 filter 54
for pagwichepadsiegtian cifcuit J6sar emplitade eletactionnpisewint>8 forpdadecting ¢hope
detection circuit 55 for detecting a peak envel ope of a wobbl e conponent

si gnalamgﬁﬁﬁhdobyhé veotitde ccopgsendnt | sigial Sk the babisooT ehy @ugne feheehé on

circuit 56 for detecting

subtractor 57; a track discrimination circuit 59 for discriminating whether the wobble
component signal passed by the bénd pass filter 54 is based on the return light from
-the track T, or based on the return light from the track Ty; an address detection circuit
60 for extracting and detecting the address recorded on the optical disc from the
wobble component signal passed by the band pass filter 54; an equalizer 61 for
performing-waveform equalization processing on an RF signal inputted from the IV
conversion circuit 52; a data discrimination circuit 62 for extracting data from the
signal inputted from the equalizer 61 and discriminating the data detection capability;
a target value setting circuit 63 for setting a target valﬁe for compensation with respect

‘o a tilt indication value indicating the tilt quantity detected by a tilt detection circuit
64, which is described later; the tilt detection circuit 64 for carrying out detection of

the tilt quantity; and a drive signal generation circuit 65 for generating a drive signal

to drive focusing coils 67a, 67b of the optical pickup 51 for compensating the tilt.




a bottom envel ope of the wobbl e conponent signal passed by the band pass
filter 54; a subtractor 57 for calculating the differepgdapereeis t he peak
envel ope detected by the peak envel ope detection circuit 55 and the bottom
envel ope detected by the bottom envel ope detection circuit 56; an
anplitude detection circuit 58 for detecting the anplitude of the wobble
conponent signal on the basis of the output fromthe subtractor 57; a
track discrimnation circuit 59 for @Bscrimnating whether the wobble
conponent signal passed by the band pass filter 54 is based on the return

l'ight fromThbe ghf:ﬁ‘]c lc]iﬁpoﬂl Eé@eﬂl )&ebﬂ@e NEALEH £t Q(Ndefnsﬁlg 3 PRek1RGH TN an

address detection ciTcul for exXtracting and detecti the address
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equal i zatl on processing on.an RF signal_inputted fromthe |V conversion

ci r cui Withrespech 49 thegppdical dissatn aptuaforaf Eores'lzwn@g ths@biaetiynlgng K0PY them t he
signal inputted fromthe equalizer 61 and discrimnating the data detection
capabi ¢letirpmagnttic fetcevdlthe fsatsing goils 16Ga] 6763htdaseyatidda@® dot endkingval ue
for conpensation with respect to a tilt indication value indicating the

tilt ouankt b&alﬂeﬁ ??fs?fW@!fo?trﬁhélﬁltHﬁgﬂ?é 1281 BEdiA rhitted $roMh& hsk d C” bed

|ater; the til tection circult or carrying out detection o
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conpensating the tilt. 22 Decenber 2003 33 The optical pickup 51 has: an
obj ect §uraqes dss pﬂl@tOCh@tﬂm distorgeaeivirg tho setyrn light avhighds refleeledemd t he
focusing coils 67a, 67b for inclining the objective lens 66 wth respect

t o t hediffractedl omiheayptimal discusatface GAdimade inciderg thbroalljyethieiprésph §ids 66 by

the electromagnetic force of the focusing coils 67a, 67b; the | aser di ode

69 for em tTh8%bjective lens 66, similar to the above-described objective lens 25,
condenses the laser beam from the laser diode 69 and casts it onto the optical disc, not
shown.

The focusing coils 67a, 67b are adapted for inclining the objective lens 66 with
respect to the optical disc. A current of a magnitude based on the drive signal supplied
from the drive signal generation circuit 65 flows through each of the focusing coils
67a, 67b. The focusing coils 67a, 67b respectively drive the actuator 68 into the
direction of compensating a tilt, using an electromagnetic force generated by an effect
with a magnet, not shown.

The actuator 68 drives the objective lens 66 so as to cause the objective lens 66
to track at a desired position on the optical disc, not shown. The actuator 68 inclines

the objective lens 66 with respect to the optical disc, using the electromagnetic force

of the focusing coils 67a, 67b.



a laser beam a prism 70 for transmtting the |laser beamemtted fromthe

| aser diode 69 and for internally reflecting a returgsly cted and
diffracted on the optical disc surface; and a photod?% gggﬁb%§$b§eceiving
the return light which is reflected and diffracted on the optical disc
surface and nade incident thereon by the prism 70. The objective | ens 66,
simlar to the above-described objective |l ens 25, condenses the |aser beam
fromthe | aser diode 69 and casts it pnto the optical disc, not shown. The
focusing coils 67a, 67b are adapted %or inclining the objective | ens 66

with respect to the optical .disc.. A current of magpi tu aseq. t he
drive si gnaTh%ﬁﬁﬁﬁF 5&}% éé,oﬁmlﬁét%ﬂil%b%‘fegﬁ%ﬁc@&ﬁgﬁ%ﬁf?‘ﬁﬂa%ggc 1 agg%ﬁl ows
through each of the focusing coils 67a, 67b. The focusing coils 67a, 67b
r espec¢mitting séciioe made ofc fotxam@s, a semicaneluctirrlesers, menlit @ baggehsami.ng a
tilt, using an el ectromagnetic force generated by an effect wth a magnet,

ot shpuBasERBeAfl diafiRd fPSmAhk 18k dRGIOS) Betdtes Irviderfi®nitbe gaishw70ause the
objective lens 66 to track at a desired position on the optical disc, not

shown. The r Jncl e ' ' I ' to the
optical di s@ﬁé ﬁgi%ﬁlgﬁgg]éﬁ] ﬁéé?&%%é%’é?%g&@gé Piéﬁmoﬁ? ﬁ@@p‘é‘fg&% Tr?‘g"%’g@. i 67a,
67b. 22 Decenber 2003 34 _The |aser diopde 69, sinmlar to the .,
above-W@&l}risﬁéﬂltﬁegsfédehéé%ﬁe?ﬁ}o‘f?a@ %“‘fﬂtfﬁ‘? IBGIERS W&I%F‘Paﬁa%&é the, for
exanpl e, a sem conductor laser, to emt a |aser beam The |aser beam

eni t t eldsér bearh he thasbjective dense®.bAdsndbe prisindéh internal byereflectsithgacturine
prism70, simlar to the above-described prism?29, transmts the |aser beam

\rM; ijicgt ieightg»ﬁieﬂéheﬂ rEfiedfeliNdl BiERACtEH @dethe Dptied] dRdsuifact dadmidieieientand
thereon, and radiates the return light to the photodiode 71.

The photodiode 71, similar to the above-described photodiode 30, has a
photodetector and a photoelectric conversion section. The photodiode 71 receives the
return light which is reflected and diffracted on the optical disc surface and made
incident thereon by the prism 70, then converts the return light into an electric signal,
and outputs the electric signal to the I'V conversion circuit 52 on the subsequent stage.

In the optical pickup 51 thus constituted, the laser beam emitted from the laser
diode 69 is cast onto the optical disc, not shown, to form a main beam spot MS, and
the return light of the main beam spot MS reflected and diffracted on the optical disc
surface is received, thus reading out digital data recorded on the track on the optical
disc surface. The optical pickup 51 also has an optical system for splitting the laser
beam into the main beam spot MS and two sub-beam spots SS,, SS,, then casting these

beam spots to the optical disc, not shown, and receiving the return lights reflected and

diffracted on the optical disc surface, as described above. The return lights of the sub-



| aser beamto the objective lens 66. Also, the prism70 internally reflects
the return Ilight which is reflected and diffracted o i di sc
surface and nade incident thereon, and radi ates the ?%Fﬁgﬁmpé% t?t th
phot odi ode 71. The photodi ode 71, simlar to the above-descri bed pbot odi ode
30, has a photodetector and a photoel ectric conversion section. The
phot odi ode 71 receives the return light which is reflected and diffracted
on the optical disc surface and madesgincident thereon by the prism 70,
then converts the return light into an electric signal, and outputs the

el ectr i lq& O [ i I . S age. In
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| aser . di.ode 69 .is.casf onto, the optical disc, not shown, to forma nain
beam K %Prlanaaﬂ%@} therppin trqaghﬁp%ﬁ\?ism thﬁitwcgélawgpmatm GiEwEeed and
diffracted on the optical disc surface is received, thus readi ng out

di gi t dfurt¢rmores dhelexptimal thekutp adkovtputha fypusing errdi sigsalr fakieatinghe
optical pickup 51 also has an optical systemfor splitting the | aser beam

into tfpeuSRigerBSPoT M Abjddeiva1ens 8 186 Yhe Hﬂ@é“s%gﬁl ge gtio§%irzcu§th@5! casting

.these beam'spots to thé optical disc, not shown; and receiving the return

lights refl iffracted,on the.optical disc sur as descri bed
above, The ?g% Wn%&ﬁgg L o‘#“act%htegg’uﬁnﬂgr 682@?7%@?"5’6% §C'§§eé gggﬁ‘?%‘f%’f’ W55,
SS2 refl ect tﬁ' and. diffracted or] the optical disc surface are_ used for
track QrRQtilk RO Currantivgltngscconvesdon ok thy sigrealtiowputied JE9mnibgat i on
circuit 59.. Furthernore, the optical pickup 51 outputs a focusing error
si gnalpliotdidmalei @Y. aTheddMsonyemiomciwhitt 52 mitpetst theesiprals a6 resulhefdri ve
signal generation circuit 65. The IV conversion circuit 52, simlar to the

above-@gsefdiB to 1h¢ sSeRRVEFEION3 akdl ffdtbdndlphss Stk 58 DnHE sEbddgRBht Makiaoe
conversion of the signal outputted from'he
The IV conversion circuit 52 also outputs the RF signal as a result of conversion of the
return light of the main beam spot MS to the equalizer 61 on the subsequent stage.

The servo circuit 53, similar to the above-described servo circuit 13, carries out
focusing and driving of the optical pickﬁp 51 so as to keep a constant distance from
the optical disc and controls the rotational driving operation of the spindle motor, not
shown, on the basis of the signal supplied from the IV conversion circuit 52.

The band pass filter 54 cuts off the RF signal component and other noise
components and passes a signal of a desired frequency component so as to take out the
wobble component signal from the signal information recording sidewall W, of the
signal supplied from the IV conversion circuit 52. The wobble component signal
passed by the band pass filter 54 is supplied to the peak envelope detection circuit 55,

the bottom envelope detection circuit 56, the track discrimination circuit 59 and the

address detection circuit 60 on the subsequent stages.



phot odi ode 71. The IV conversion circuit 52 outputs the signal as a result
of conversion to the servo circuit 53 and the band p i on the
subsequent stages. The |V conversion circuit 52 alsoégg¥%gﬁééﬁ%§§%RF si gnal
as a result of conversion of the return light of the main beam spot M5 to
the equalizer 61 on the subsequent stage. The servo circuit 53, simlar to
t he above-described servo circuit 13, carries out focusing and driving of
the optical pickup 51 so as to keep constant distance from the opti cal
disc and controls the rotational dri'ving operation of the spindle notor,
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other noise conponents and gasses a si?nal of a desjred frequencty
conpomemparemsigral tpagsedby thadandass ilieopfonthe psalrravelapsnistaelion gnal
information recording sidewall W of the signal supplied fromthe IV

convercgican $3 batuts AR defb@cdplbk encelapene thic sutgrmdtor HAsadle bybidymentind pass
filter 54 is supplied to the peak envel ope detection circuit 55, the

botto%}eagg%vel ope detection circuit 56, the track discrimnation circuit 59
and t address detection circuit 60 on the subsequent stages. 22 Decenber

2003 36 T peak envel gpe detection circuit 55 detects the peak el ope
of the bl ik Beiemrme e Aeiecham gttt feieRR He SRl FrfeBRER e poak
envel ope detection circuit 55 outputs the detected peak envel ope to the
subt r axoblesdnopondnd ssghalqpseed by shadend pass bidier Srh eﬁb@ befieny envelepsn
circuit 56 detects the bottom envel ope of the wobble conponent signal

passeqidmctidiecRaiit Seaaspits the defedted it die ehoslopa e kimpsubteritecs7 on ther cui t
56 out puts the detected bottom envel ope to the subtractor 57 on the

subsequent stage.

The subtractor 57 calculates the difference between the peak envelope supplied
from the peak envelope detection circuit 55 and the bottom envelope supplied from the
bottom envelope detection circuit 56 and outputs the resultant differential signal to the
amplitude detection circuit 58 on the subsequent stage.

The amplitude detection circuit 58 detects the amplitude of the wobble
component signal on the basis of the differential signal supplied from the subtractor
57. The amplitude detection circuit 58 supplies an amplitude detection signal
indicating the detected amplitude to the tilt detection circuit 64 on the subsequent
stage.

The track discrimination circuit 59 carries out track discrimination of the main
beam spot MS on the basis of the wobble component signal based on the sub-beam
spots SS,, SS, passed by the band pass filter 54. The track discrimination circuit 59

supplies a track discrimination signal indicating the result of track discrimination to



subsequent stage. The subtractor 57 cal cul ates the difference between the
_peak envel ope supplied fromthe peak envel ope detect 5 and the
bott om envel ope supplied fromthe bottom envel ope de?g?Fﬁgﬁﬁgﬁnglt 56 and
outputs the resultant differential signal to the anplitude detection
circuit 58 on the subsequent stage. The anplitude detection circuit 58
detects the anplitude of the wobble conponent signal on the basis of the
differential signal supplied fromthg;subtractor 57. The anplitude
detection circuit 58 supplies an anplitude detection signal indicating the

g'? ;Sgt%%higd‘qy?gc @ggeci‘g’ﬁtﬁf‘%‘i"t 6@) ﬁlﬂ 't ll{)&%tgb@gllrﬂ irclhggﬁo bpgg% @ ri 2} nation

of the main beam spot MS on the ba5| s of the wobbl e conmponent signal based
on t heStages-beam spots SS1, SS2 passed by the band pass filter 54. The
track discrimnation circuit 59 supplies a track discrimnation signal

i ndi cati ng The addsask tdetdctionadtcud &t extracisiend detestPtheDaldraterece0ds! @7  t he
address detection circuit 60 and the tilt detection circuit 64 on the

subs qul%rg tichl 28Fromhhfe AHLES 80 ?bﬁéﬁt' ﬁ%ﬂﬂ'ﬂa@éﬁl bnffle exdihaham sput MSt ect s

t he ad s recorded on the opti di sC fromthe wobbl e conponent signal
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signal information recording sidewall Wconstituting the track TB, on the
information recording sidewall W constituting the track T, or based on the return light

from the signal information recording sidewall W constituting the track T, on the
basis of the track discrimination signal supplied from the track discrimination circuit
59.

The equalizer 61, similar to the above-described equalizer 21, is supplied with
the RF signal from the IV conversion circuit 52 and performs waveform equalization
processing for the correction of a jitter error of the RF signal or the like. The equalizer
61 adjusts the gain on the basis of a tilt error signal supplied from the tilt detection
circuit 64, which will be described later, and thus compensates the lowering of the
MTF. The equalizer 61 outputs the signal on which waveform equalization processing
has been performed, to the data discrimination circuit 62 on the subsequent stage.

The data discrimination circuit 62, similar to the above-described data
discrimination circuit 22, extracts data from the signal inputted from the equalizer 61
and discriminates the data detection capability such as the jitter error. The data

discrimination circuit 62 supplies a data discrimination signal indicating the result of



basis of the track discrimnation signal supplied fromthe track .
discrimnation circuit 59. The equalizer 61, simlar t boxgrzdescri bed
equalizer 21, is supplied with the RF signal fromt hggld\?}agggvers?on
circuit 52 and perfornms waveform equalization processing for the
correction of a jitter error of the RF signal or the |ike. The equalizer
61 adjusts the gain on the basis of a tilt error signal supplied fromthe
tilt detection circuit 64, which w EJ; be described later, and thus
conpensates the | owering of the MIF’®°The equalizer 61 outputs the signal
on whi ¢ch wavef ormﬁg]l%tag i zation processing has been perfornmed, to the data
di scri HispEMIBaen ekibedagpdgactiopcapabalityde the targejvalupsetidng giraui 68iamdnat i on
circuit 62, simlar to the above-described data discrimnation circuit 22,
ext r acthe tiladatectiomcitoaitstdgmatha sybsetyeentfstagast he equal i zer 61 and

di scrimnates the data detection capability such as the jitter error. The
data discrigi } i i i t i LM i i.egmnal

I cati ng. ¢ e At VARl Sflihy REUTEPYHES BRI i CpEhsBRn AT,
det ect i gn i) d t o the target. vglue setting.circui.t 63 and the tilt
det ect ¥ egﬂ e%tﬁgggﬁl{ lngicagwntvlqgu%lagg@éﬁlgﬁbe ﬁtﬁ@&wﬁﬂgefﬁdﬂé&t% éﬁ&fgt%‘@toﬂli ng
circuit 63 sets a target value for conpensation with respect to a tilt

i ndi ca€iteHt W4y @ thegbasisi igthendataj discjuunationy signad cuppling from thel data
detection circuit 64, on the basis of the data discrimnation signal

suppl i écfintinatidwe citetd 62di The itaigeatahre wttisgicircd. 637 Batfas ged smadageestset ting
circuit 63 outputs the set target value to a subtractor 75 of the tilt

det ect e b aGbirabtbr 75 thelil 8ALEALA Btchiiiggul t 64 includes: a switch 72

for opening and closing on the asi s of a sanple pul se generated froma

sanple pul sgp¢ iiitcd'éitfléCtiorr])xOctirc?zri]toé"éf| fncﬂlr(]iegznﬂviv}tt&g 92 for opening and closing on the
basis of a sample pulse generated from a sample pulse circuit, not shown; an amplitude
detection circuit 73a for detecting only the amplitude of the wobble component signal

- based on the return light from the frack T, like the spot S,; an amplitude detection

circuit 73b for detecting only the amplitude of the wobble component signal based on
the return light from the track Tj like the spot Sg; a subtractor 74 for calculating the
difference between the amplitude of the wobble component signal based on the return
light from the track T, detected by the amplitude detection circuit 73a and the
amplitude of the wobble component signal based on the return light from the track Ty
detected by the amplitude detection circuit 73b; and the subtractor 75 for calcuiating
the difference between the differential value supplied from the subtractor 74 and the |
target value supplied from the target value setting circuit 63.

The switch 72 opens and closes on the basis of a sample pulse generated from

the sample pulse circuit, not shown, and thus connects and cuts off the amplitude



detection circuit 73a for detecting only the anplitude of the wobble.
.conmponent signal based on the return light fromthe Eé@%ﬁaﬁ ddgég the spot
SA; an anplitude detection circuit 73b for detecting only e anplitude of
t he wobbl e conponent signal based on the return light fromthe track TB

i ke the spot S$; a subtractor 74 for calculating the difference between
the anplitude of the wobble conponent signal based on the return 1|ight
fromthe track TA detected by the aqgiitude detection circuit 73a and the
anplitude of the wobble conponent signal based on the return light fromthe

track . det.ect. b he a itu detectiqn circuit 73b; and the

subt r A ErICENFGHE B8 A IR arABadeefefotiausr vl B i ammetide feteehonal

val ue supplied fromthe subtractor 74 and the target value supplied from
t he t afE@at @h.ue setti ng circuit 63. The switch 72 opens and cl oses on the
basis of a sanple pulse generated from the sanple pulse circuit, not

shown, and Thwampdingde dsteation @itcaitof3a INQuppTRId Witdiear? Epﬁﬁﬁﬂ@%te%@ﬁ% 39

detection circuit 58 and the anplitude detection circu 73a or the
anplit A [ ' T i e ton circyd 73ais
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det ect t he _anplit.ude defection circuit 58, and detects only the
anpl i tc&g%cq%fmr*g‘%ﬁ‘@%@dﬁﬂﬁﬁé‘fﬂb ¢ GAmPopsBbaIgaal baredran thereturgiightt r om
the track TA. The an&l itude detection circuit 73a outputs an anplitude

si gnalfrompbe deacknba .t Hbe dmplitudd detgritionudiecitib 78heutpis nacimplitdiesignalhe
subsequent . stage. The anplitude detection circuit 73b is supplied with an

anpl i tindratiagaht derectel gnplitidedbahé sobtradier a0 thedabd lfefrft%?ag%y the
anplitude detection circuit 58, and detects only the anplitude of the

wobbl e compaie ity st eRAHBEE6H Hlul "By & Migbilda®Mth an amplitude detection
signal indicating the amplitude detected by the amplitude detection circuit 58, and
detects only the amplitude of the wobble component signal based on the return light
from the track Tp. The amplitude detection circuit 73b outputs an amplitude signal
indicating the detected amplitude to the subtractor 74 on the subsequent stage.

The subtractor 74 calculates the difference between the amplitude value
indicated by the amplitude signal supplied from the amplitude detection circuit 732 and
the amplitude value indicated by the amplitude signal supplied from the amplitude

* detection circuit 73b. The subtractor 74 outputs a tilt indicatiori value, which is the
resultant differential value, to the subtractor 75 on the subsequent stage.

The subtractor 75 calculates the difference between the tilt indication value
supplied from the subtractor 74 and the target value supplied from the target value
setting circuit 63, and outputs a tilt error signal expressed as the differential value to

the equalizer 61 and the drive signal generation circuit 65 on the subsequent stages.



fromthe track TB. The anplitude detection circuit 73b outputs an anplitude

signal indicating the detected anplitude to the subtaqiimis he
subsequent stage. The subtractor 74 cal cul ates the di fz?erer?g’e {)g?bmslteen t he

anplitude value indicated by the anplitude signal supplied fromthe
anplitude detection circuit 73a and the anplitude val ue indicated by the
anplitude signal supplied fromthe anplitude detection circuit 73b. The
subtractor 74 outputs a tilt indicatjon value, which is the resultant
differential value, to the subtractor 75 on the subsequent -stage. The

subtract or |lcul ates.th ifferen tyween Lhe.tilt indication val ue
suppl ed 1 rohe flRieR TR oAb homiRv R BB et bimif B Bh bilsne
target value setting circuit 63, and outputs a tilt error signal expressed
as t heijﬁhﬁfaéﬂlélm&llid&Idﬁg%ﬂt@@ signaliafdhe grehhle spmppngatisignal aﬂpplé%fgfrgmhe
generation circuit 65 on the subsequent stages. 22 Decenber 2003 40 The

tilt dehplitudendaedction tirbdit 58tasadqhastaicktdisccfixﬂﬁiaeizimSiFh@] supplieduizotd the on the
basis of the anplitude detection signal of the wobble conponent signal
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di scrimnation signal supplied Iscrimnati

and outputs t rated tilt error. signal the equalizer 61 and the
drive gc?%i%er giﬁ‘gﬂsf" VEiSFgﬂﬁtltgeggr.at}?ﬂepqﬁ?“‘il 'si gnal generation circuit 65

i ncludes: an adder 76 for calculating the sumof the focusing error signal
suppl i ed frbn¢ drige signat genggpeu pirseit Hydnechdesi an adderci6 fogicghelating e ed
fromthe tilt detection circuit 64; a subtractor 77 for calculating the

di f f er g of bled femsinderdosigaalnupelicd frah thabpsicslPiclesp 51 amdithe tibpirreal

pi ckup 51 and the tilt error signal supplied fromthe tilt detection
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difference between the focusing error signal supplied from the optical pickup 51 and
the tilt error signal supplied from the tilt detection circuit 64; a drive circuit 78a for
generating a drive signal indicating the magnitude of a current to be flowing through
the focusing coil 67a on the basis of the sum value supplied from the adder 76; and a
drive circuit 78b for generating a drive signal indicating the magnitude of a current to
be flowing through the focusing coil 67b on the basis of the differential value supplied
from the subtractor 77.

The adder 76 calculates the sum of the focusing error signal indicating the
focusing error of the objective lens 66 supplied from the optical pickup 51 and the tilt
error signal supplied from the tilt detection circuit 64, and outputs the sum value to the
drive circuit 78a.

The subtractor 77 calculates the difference between the focusing error signal

indicating the focusing error of the objective lens 66 supplied from the optical pickup



t he .focusing coil 67a on the basis of the sumvalue supplied fromthe adder

76; and a drive circuit 78b for generating a drive si ol ing the
‘magni tude of a current to be flow ng through the focgg?ﬁﬁe@ggkﬁg@b on the
basis of the differential value supplied from the subtractor 77. The
adder 76 calculates the sumof the focusing error signal indicating the
focusing error of the objective |lens 66 supplied fromthe optical pickup 51
and the tilt error signal supplied jyfomthe tilt detection circuit 64, and
outputs the sumvalue to the drive circuit 78a. The subtractor 77

cal culat es,the..di fference bet t he f L ng. err.or .si.gnal. indjcating the
Focusiiyaad JF iflriaiaTOR soppUET Prond o B Rl HMish PGP bRt Bl Bkl 2
Decenber 2003 41 51 and the tilt _error signal supplied fromthe tilt

det ectdibigrential watusip therdrivueisetit 78he - differential value to the drive
circuit 78b. The drive circuit 78a generates a drive signal indicating the

magni t ude diha driver cieadit t78alxenklated adiriver siggdl indécdtngputiengagaitbdé6d 20n t he
basis of the sumvalue supplied fromthe adder 76. The drive circuit 78a

out puf‘(ﬁlrfiéalﬁ @%@Wﬂgghg&%}ﬂlﬁﬁﬁicufﬁl%nﬁﬁ 6&9%&%21)%& lof§h8 subfGaflid Ve

circuit gener ates rrrve signa cating t magni tude of a current

to be flow t hr.ou the _fqcusjng coil. b on the basis of the .
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out puts the generated drive signal to the focusing coil 67b. The drive

si gnaltogbadpeusing ceilrcidi-t 65 thus constituted generates the drive signals
for conpensating the tilt and outputs these drive signhals to the focusing
coils The drive circuit 78b generates a drive signal indicating the magnitude of a

current to be flowing through the focusing coil 67b on the basis of the differential
value supplied from the subtractor 77. The drive circuit 78b outputs the generated
drive signal to the focusing coil 67b.

The drive signal generation circuit 65 thus constituted generates the drive
signals for compensating the tilt and outputs these drive signals to the focusing coils
67a, 67b.

In the optical discreproducing device 50 having the above-described constituent
parts, the wobble component signal SIG, in the case where the laser Beam 1s cast onto
the track T, like the above-described spot S, and the wobble component signal SIG,
in the case where the laser beam is cast onto the track Ty like the spot Sy are sampled,
and the tilt indication value expressed as the differential value between the wobble
component signal SIG, in the case where the laser beam is cast onto the track T, and
the wobble component signal SIGg in the case where the laser beam is cast onto the

track Ty is found by the tilt detection circuit 64. The optical pickup 51 is controlled



67a,. 67b. In the optical disc reproducing device 50 having the .
above-described constituent parts, the wobble conponehingi GA in the
case where the |laser beamis cast onto the track TA I?ke tﬂlgélzcﬂs
above-descri bed spot SA and the wobbl e conponent signal SIGB in the case

where the | aser beamis cast onto the track T. like the spot SB are
sanpled, and the tilt indication value expressed as the differential value
bet ween t he wobbl e conponent signal,SIGA in the case where the | aser beam

is cast onto the track TA and the wobble conponent signal SIG, in the
case where.the | aser beamis..cast onto the .track TB is faqund e tilt
ot ectnarfiiraicsp &S b makadhe JE Batcaitadaine dise 16 dhe BkPottds SeEbe e, ' 2003
42 and driven so as to make the tilt indication value close to the target

val ue tsrget pluehsettingcigeuit vdl ue setting circuit 63. In the optical disc
reproduci ng device 50, a preset arbitrary value or a value recorded on a

control tr%kthéﬁ);ﬁicﬁpﬂisfcqlepfdlﬁmﬁﬁ%gia@i@erﬁﬂ;@r]ﬁiel?@ AbRargfvalieopptiatae di sc
may be used as the target Vval ue. wever, in the optical disc reproducing

ToV" ¢ retPed3l™ ERROAAGEST ROY R SERRS DA TR fthe dheof BROAMKAI dif devi ce

arget value can als ng ne as t
initial operation jn |oading the opticgal, disg. .Ip the opti.cal, dis
r epr odtiay B§ ugedas éf]@-)t@,rg%ltv e HPH@Q’S ) IPA%PHB“W@S%&PF cipg QE‘,”CG?}% drive
signals are supplied to the focusing coils 67a, 67b, and the actuator 68 of
the opmmikaako thecdbhgyesdesicebed ppticalwhisd reprodicing devjoah®,ithy targetcralngean Then,
in the optical disc reproducing device 50, the tilt indication value
cor r esendk Ret bptHdRIehdang tdiiod ASthd inftial Gpanitidnyinileadingnke bytitdialise.| t

detection circuit 64, and the tilt indication value'is sequentially
suppl i ed to e JLatddisd ApYSandhs UBicE SOCK the Bithe MIbEMNE the bPtiLAIRUSH! ! cal
the drive signals are supplied to the focusing coils 67a, 67b, and the actuator 68 of the
optical pickup 51 is driven while the tilt quantity is changed. Then, in the optical disc
reproducing device 50, the tilt indication value corresponding to the change in the tilt
quantity is found by the tilt detection circuit 64, and the tilt indication value is
sequentially supplied to the target value setting circuit 63. Moreover, in the optical
disc reproducing device 50, the correlation between the tilt indication value supplied
from the tilt detection circuit 64 and the data detection error based on the data
discrimination signal supplied from the data discrimination circuit 62 is measured by
the target value setting circuit 63. Then, in the optical disc reproducing device 50, the
tilt indication value that minimizes the data detection error is set as the target value by
the target value setting circuit 63.

In this manner, in the optical disc reproducing device 50, an optimum target

value can be set on the basis of the correlation between the tilt indication value and the



di.sc: reproduci ng device 50, the correlation between the tilt indicatjon
value supplied fromthe tilt detection circuit 64 and,iagsHad®odgt €ecti on
error based on the data discrimnation signal supplied fromthe data
discrimnation circuit 62 is nmeasured by the target value setting -circuit
63. Then, in the optical disc reproducing device 50, the tilt indication
val ue that mnimzes the data detection error is set as the target val ue by
the target value setting circuit 63.43n this nmanner, in the optical disc
reproduci ng device 50, an optinmumtarget value can be set on the basis of
t he CO&%@&ﬁﬁédﬁanﬁ%&ﬁe” the tilt indication value and the 22 Decenber 2003
43 data detection error. Specifically, the optical disc reproducing device

50 sanpl es the. | e,, conponent_ signal, Sl GA,and t bhl e t

o gnal st ceoBiRERbote” BRECHS fisc® iR epE) ks orf BT (A TREREH | oui ng
met hod. I n the optical disc reproducing device 50, the main beam sgot VS
and t heompenertuBgndlaphGpand theswobbi camponenitsignrloS (e angdetacts thestiltpy t he
optical pickup 51, simlarly to the normal reproduction. At this point, if

t he SR?ﬁarﬁﬁyaﬂdcbdﬂﬁaﬁa@iﬁiﬂiﬂh&rfe}lbwiﬁghﬂl@thﬁd{st onto the optical disc
wi t hout being influenced by the tilt, that is, if the tilt quantity is

O e BRES Ue BSORE R On, RN e o
5O T i S5 58, o W B 15 G B SR e 81
\r/\tlat ur nsilnii ar;}y ?Jt]{[ehr?oril%?gepsfodilgggl.t he signal information recording sidewall
At this point, if the spot S, and the spot Sy are normally cast onto the optical
disc without being influenced by the tilt, that is, if the tilt quantity is “0°”, the
amplitude of the wobble component signal passed by the band pass filter 54 is
equivalent to the amplitudes of the wobble component signal SIG, based on the refurn
light of the spot S, from the signal information recording sidewall W and the wobble
component signal SIG; based on the return light of the spot Sy from the signal
information recording sidewall W.
On the other hand, if the spot S, and the spot Sy are normally cast onto the
optical disc in the state where these spots are influenced by the tilt and inclined toward
one of the signal information recording sidewalls W, the amplitude of the wobble
component signal passed by the band pass filter 54 is different from the amplitudes of
the wobble component signal SIG, based on the return light of the spot S, from the

signal information recording sidewall W and the wobble component signal SIG; based

on the return light of the spot S from the signal information recording sidewall W.



On t.he other hand, if the spot SA and the spot SB are normally cast onto
the optical disc in the state where these spots are @5“%&%9&%9 the tilt
and inclined toward one of the signal information recording sidewalls W
the anplitude of the wobble conponent signal passed by the band pass
filter 54 is different fromthe anplitudes of the wobble conponent signal
SI GA based on the return light of the spot SA fromthe signal information
recordi ng sidewall Wand the wobbl e ,gonponent signal -SI GH based on the
return light of the spot SB fromthe signal information recordi ng sidewall

W 22 De 003, 44 f t he . It S I '

det oct i ng. IREralRgt. e dmpiias Fenal b AETbs AT DRIRE ke BFRCY, 1
anplitude detection circuits 73a, 73b of the tilt detectjop.,Ci ui% 64 and
supp! iveabtile componant sigaals S1G 4, Slirbycthsrigeplthde datectighsircuiyd3an é?wo

edge-li ke shape in accordance with the shift of the three beam spots. On

t he bagé gilpdetetionacipduit Gdernsi guppiid tdehopibtoator 74 careephangesi ingthievi ce 50
detects the tilt indication value, which is the differential val ue obtai ned

? ?/I E héﬂ@ﬁ%é%ﬁﬁfﬁ:d@ﬁ—éﬁ{e 5‘?)’??% g} b L~ HALSE WRA the K bf G thaswbarAepatses t he

rsrgna di sc reproduci ng device 50 repeats such
operation for a plurality of tinmes. In this n i.cal. . dj
repr oduci néﬁ)’agﬁ Q%SI%@% E‘%ﬁ‘(l‘ %P]é@ggé}&fla?%&ﬁﬁgﬂgg%léﬁg%&&’? ?ﬁi?&égeﬁ’%’ ¥ y?GThus,
the optical disc reproducing device 50 can '%ﬁ%i ckl ai‘iet e(gqt 1 hg {i Ih
quant idejeats tthouilt Hadicatjoarnaluet which is the gl Fﬁé“@%t‘f ue qhtaimedpy,dhe
plurality of tilt indication values are found during one rotation of the

opt i calubtasr tMhef thepilt delectibs Circajiréi wmidnge mteates thSGltcarordagnal The tilt
gquantity with high accuracy. That is, the optical disc reproducing device

>0 dcgo%r%gﬁgg;s}:ggpgdﬁééﬁgﬁgﬁgé %G?ﬁpﬁtgﬁﬁ&%p@t@ﬁoﬁ #8r § Phisalibpbf tiphds. det ect i on

In this manner, the optical disc reproducing device 50 can detect and
compensate the tilt quantity. Thus, the optical disc reproducing device 50 can quickly
detect the tilt quantity without having any latency time of the optical disc. Since a
plurality of tilt indication values are found during one rotation of the optical disc, the
optical disc reproducing device 50 can detect the tilt quantity with high accuracy.

That is, the optical disc reproducing device 50 can soive the above-described
problems and can carry out tilt detection and compensation quickly and with high
accuracy without having the need to carry out complicated operations.

As described above, the optical disc reproducing dcviée 10 can carry out tilt
detection and compensation without having a dedicated sensor for tilt detection, by
casting a laser beam onto the optical disc by the optical pickup 11 and detecting the

return light thereof. The optical disc reproducing device 50 can carry out tilt detection

and compensation without having a dedicated sensor for tilt detection, by casting a



accuracy wi thout having the need to carry out conplicated operations. As
descri bed above, the optical disc reproducing device %&Eﬁ%gp%aréé/q out tilt

det ection and conpensati on without having a dedicated Po 3I | t

detection, by casting a |aser beamonto the optical disc by the optical
pi ckup 11 and detecting the return light thereof. The optical disc

repr oduci ng device 50 can carry out tilt detection and conpensation

wi t hout having a dedi cated sensor fopetilt detection, by casting a 22
Decenber 2003 45 nmain beam spot M5 and two sub-beam spots SS1, SS2 onto

t he optijcal disc e tical, picku apd detecting,.t return lights
of Lo Realso ROt T B9 sfBe Bt SpPis e S8, B il BPubACas e oPoc
reproduci ng devices 10, 50 can detect and conpensate the tilt quantity
even f @pu@'ﬁ pigeurcl and dejeqiingtheiraturn dghtspfitwotisasksnols obthese Hirgabeam by

i ncreasing the nunerical aperture (NA) of the objective | enses 25, 66,
respec%pmsjy. It is to be understood that the present invention is not
limted to the above- described enbodi mrents. For exanple, in the optical

di sc repr Od‘l"ﬁlef&ﬁfie?v’i]fee opfical *?ﬁzcerfﬁgﬁ)gﬂﬁcfﬁ R 79, 5tE c‘éﬂ?ﬁéﬁnggﬁ?’”e”t

signal SIGA in the’'case where t amis cast onto TA and

e "8 SETER s B bl RS S A BSRE co

signal in the case where the objective lens 25 is |ocated near the center
(zero gismetpr by inpecasingcthegmerécad ppedare (N4, ofdhe ahyeetiys bwessi2igoheed not
necessarily be carried out. As the nethod for correcting the inbal ance
phenonesspectivdle. gai n of the signal
It is to be understood that the present invention is not limited to the above-
described embodiments. For example, in the optical disc reproducing device 10, the
method for sampling the wobble component signal SIG, in the case where the laser
beam is cast onto the track T, and the wobble component signal SIGy in the case
where the laser beam is cast onto the track T need not be a method for sampling the
wobble component signal in the case where the objective lens 25 is located near the
center (zero point) of the track on the optical disc, and such processing need not
necessarily be carried out.
As the method for correcting the imbalance phenomenon, the gain of the signal
may be controlled so that the peak value of one of the wobble component signals with
respect to the tilt quantity coincides with the peak value of the other wobble
component signal.

Moreover, in the case where the optical disc shown in Fig.11 is applied in the

optical disc reproducing device 50, two sub-beam spots SS,, SS, need not necessarily



may ‘be controlled so that the peak value of one of the wobbl e conponent
signals with respect to the tilt quantity coincides wothdhpepsals val ue of
t he other wobble conponent signal. Moreover, in the case where the opti cal
disc shown in Fig.11 is applied in the optical disc reproducing device 50,
two sub-beam spots SSSS2 need not necessarily 22 Decenber 2003 46 be

provi ded and only one sub-beam spot may suffice. Furthernore, as a matter
of course, the present invention isd4gpplicable not only to an optical disc
reproduci ng device for reproducing digital data froman optical disc but

al so tb% ;ﬁo{rﬁféﬂrﬂfd”&]@% e CE bl ank ﬁg&rﬁh?gufﬁ&l tal data onto an optical disc.

Thus, |s a tter-of course t lous nodifications can be made
W|thout t|n fromt e of .the sent .inventi | nd st |aI

Aopl | cabi | ERpmRtTgis &5 F suattess oBurse, taiefent SR nviaRdsaPhECRIERGBAN vi ng
deV| ce accordi ngiﬁ to the present invention-is ada ted for rotationally
dri vi hg an opiicel disapeprodeepgdienice fios sepiptneingidigital éia&h&pm #1 epHERl BBC t hat
can be discrimnated fromrecording data is recorded on one of both
si dewgluk alseftom feeoedidpigvitecfar heotrtdingt digitabdaindintg adaipticat diser ded t her eon,
and recordi ng and/ or reproducing digital data to and/or fromthe
di sc-shape C i bE freans
for  casti f]%ﬁ‘% ﬂgggﬁﬂgﬁﬁlﬁbf;é‘?“fg?ﬁlﬁ?”ﬁ%ﬁéﬁ’i‘éﬂé Hefidns Gt bE Bl Fitkdy

| ected. and..di ffracted on the surface of the

receiv. tur f
di sc- A?Bg@ erﬁj‘o L'Jﬁ‘?P TeSHMY IVGBHOBet ecti on nmeans for-detecting the

anpl i tude of a S|gnal based on a return light fromthe signal information
recordi ng sidewall, which is the sidewall having the

Industrial Applicability

As described above in detail, the recording medium driving device according
to the present invention is adapted for rotationally driving a disc-shaped recording
medium in which signal information that can be discriminated from recording data is
recorded on one of both sidewalls of a recording area having the recording data
recorded thereon, and recording and/or reproducing digital data to and/or from the
disc-shaped recording medium. The device comprises: optical pickup means for
éasting a laser beam onto the disc-shaped recording medium and receiving a return
light reflected and diffracted on the surface of the disc-shaped recording medium;
amplitude detection means fof.detecting the amplitude of a signal based on a return
light from the signal information recording sidewall, which is the sidewall having the
signal information recorded thereon; and tilt detection means for detecting the tilt
quantity on the basis of the amplitude of the signal detected by the amplitude detection

means.



signal information recorded thereon; and tilt detection neans for detecting
the tilt quantity on the basis of the anplitude of t? i ected by
‘the anplitude detection neans. 22 Decenber 2003 47 Eg%%?@?é‘ﬂﬁﬁe
recordi ng medi um driving device according to the present invention can.
detect the tilt quantity on the basis of the return light fromthe signa

i nformation recording sidewall of the disc-shaped recording nmedium and can
carry out tilt detection w thout hagw ng a dedicated sensor for tilt
detection. The tilt detection nmethod according to the present invention

conpri ses e steps,, of. casting.a |laser. bheam.ont .SCr ordi ng
medi umin m]eé#%ggﬂ%ﬁ reqoﬁl&gng%fibq{nt%i{lngaﬁg%lggcﬁ%g c]l:(liiilrlwl'%ngfgﬁa@ ﬁjggér’%%
recording data is recorded on one of both %i gevval |'s ia'l recgrd{gra% area
havi ngnvendioreca detegt Hi it qaaphitieen thebayn of 1he return] hgfona" el i ght
reflected and diffracted on the surface of the disc-shaped recording

medi urinfaleiationiragordie: sideweil eftheafisasksippdakcdrdimgimedivan yasid gan darnyteutf r om
the signal information recording sidewall, which is the sidewall having

t he si i i : ing the tilt antit
tﬂgaéte'cﬁ&?R&{Tﬁr{edtg%ﬁxf%iﬁ’ﬁgmafeﬂ%%ﬁ% forh dakessnng I quantity

on the basis o de of the detected signal detected. Therefore,
in the tilt,detection nmethod.accordi to the. pre i i tilt
quantity cﬁheoté‘ﬁ%%@?w%ﬁoq ﬁ%c%dd@gggg}e RrReey ﬁ}vlﬁlﬁf&hdg@(fﬁ#egﬁﬁ? ?ltteepgi gnal
informati on recording sidewall of the disc-shaped recording nmedium and
tilt dut«esting ahasepdeaghonten disc-shapRs ulecREINE gmadiu; imaBHCh Sigl 1 or
tilt detection. Modreover, the recording nmediumdriving device according to
t he prigf@piationnhentdobe discageintied fian reotdingdeth liy rabor déd gn andicfbodhaped
recordi ng nmedi um havi ng
sidewalls of a recording area having the recording data recorded thereon, and receiving

a return light reflected and diffracted on the surface of the disc-shaped recording

- medium; detecting the amplitude of a signal based on a return light from the signal
information recording sidewall, which is the sidewall having the signal information
recorded thereon; and detecting the tilt quantity on the basis of the amplitude of the
detected signal detected.

Therefore, in the tilt detection method according to the present invention, the
tilt quantity can be detected on the basis of the return light from the signal information
recording sidewall of the disc-shaped recording medium, and tilt detection can be
carried out without having a dedicated sensor for tilt detection.

Moreover, the recording medium driving device according to the present
invention is adapted for rotationally driving a disc-shaped recording medium having
a signal information recording sidewall on which signal information that can be

discriminated from recording data is recorded, and recording and/or reproducing



a signal information recording sidewall on which signal information that
can be discrimnated fromrecording data is recorded22@demBsoighizng and/ or
reproduci ng 22 Decenber 2003 48 digital data to and/or fromthe

di sc-shaped recording nedium The device conprises: optical pickup nmeans
for casting a | aser beam forned by a main beam spot and two sub-beam spots
onto the disc-shaped recordi ng nedium and receiving a return |ight
reflected and diffracted on the surfgce of the disc-shaped recording

medi um  anplitude detection neans for detecting the anplitude of a signal

based gn; turn . light of two .target heam spqts the. mai n beam spot
and tvOPsFA h 80h B ot gt SR SBAn o be BT SRSt |
and tilt detection nmeans for detecting the tilt quantity on the basis of
t he arfiticelipickyp mepnssiog astinga descsbepip formednhy pmria heamespotomnd teans.
Therefore, in the recording nediumdriving device according to the present

I nventsubrheam bpsteronbe ds dscrshdpby recording ediorapeld rRoeivinga sefarh ¢t spot s
is cast onto the disc-shaped recording nedium by the optical pickup neans,

and t r1‘@);1&&'651 al?d’ad]ffr%é‘teé%h Rfie dSir ggg gget BficlénabedeleebldiRg fHeaitim > t he

basis of the anplitude of a signa on a return ITght®of two target

beam spots, .of, the. main beam spot. an t Wo.sub- heam spats, .fromthe signal
ot or rEP IR delstfioRan S R g he ARl g L B DR e e EY oot
qui ckly and with high accuracy w thout providing a dedicated sensor for
tilt deghefiteg. target 8némrﬁppé8,, of e majin bgamepot 8nd FeOHVY-baado sPEtvg oM t he

present invention conprises the steps of: casting a |aser beamforned by a
mai n ltharignabinfarmatiowresuiding srlemaloiad tifttdetectidingne sixdoedeteeting dielt medi um

havi ng a signal information
quantity on the basis of the amplitude of the signal detected by the amplitude detection
means.

Therefore, in the recording medium driving device according to the present
invention, a laser beam formedﬂ by a main beam spot and two sub-beam spots is cast
onto the disc-shaped recording medium by the optical pickup means, and the tilt
quantity can be detected by the tilt detection means on the basis of the amplitude of
a signal based on a return light of two target beam spots, of the main beam spot and
two 'sub-beam spots, from the signal information recording sidewall. Thus, tilt
detection can be carried out quickly and with high accuracy without providing a
dedicated sensor for tilt detection.

Furthermore, the tilt detection method according to the present invention
comprises the steps of: casting a laser beam formed by a main beam spot aﬂd two sub-

beam spots onto a disc-shaped recording medium having a signal information

recording sidewall on which signal information that can be discriminated from



from 22 Decenber 2003 49 recording data is recorded, saml-E@68i 2030 a
teturn light reflected and diffracted on the. surface of the disc-shaped
recordi ng nmedium detecting the anplitude of a signal based on a return
light of two target beam spots, of the main beam spot and two sub-beam
spots, fromthe signal information recording sidewall; and detecting the
tilt quantity on the basis of the applitude of the detected signal.
Therefore, in the tilt detection netHod according to the present invention,

a |laser beam fornmed b I n beam spat t sub- b ts IS, cast
-onto t/REOKHIRE da@Héﬁ%‘@rﬁﬁm IRGETNE %%nghaﬁggw\éﬁppfe% 3&@:@&5@“@ 5N tgét ect ed
on the basis of the anplitude of a signal based on a return light of two

t ar getsusfammof et disc-shapdtreqaiding tedinn pdateeting theanaplitude aha sighakbasedom t he
signal information recording sidewall. Thus, tilt detection can be carried

out quikkstusi tight bhtwb edYget BediAGpow, bhehd niadi begm spolediddatesiitsbemar for
tilt detection. 22 Decenber 2003 50 CLAIMS 1. A recording nediumdriving

devi ce_f ] [RVAR 1356 St . i ' Lanhi ch

Si gnalsﬂoﬁ’ﬁ%ﬁ?}%%@ﬁgn%gﬁl %1@9& %(gljrd i %thg%ﬁf ra1 g?n%ﬁ‘%ég%d@%gng t%tl'i]tilfgh
recorded _on one of both side | s, of a r.ecording area having the recording
dat a rethedeasiy petheamp Wer‘ﬁbf;(ﬁiﬁ“@t%ﬁgw'reproduci ng digital data to

and/or fromthe disc-shaped recording nmedium the device conprisjng:

optical pi cKigrefaranin the tiltadeteetipmmecibed abecmhingto theprefiest inrrnbion, a

r ecor- dllazgr beam formed by a main beam spot and two sub-beam spots is cast onto the disc-
shaped recording medium, and the tilt quantity can detected on the basis of the
amplitude of a signal based on a return light of two target beam spots, of the main
beam spot and two sub-beam spots, from the signal information recording sidewall.

Thus, tilt detection can be carried out quickly and with high accuracy without having

a dedicated sensor for tilt detection.



medi um and receiving a return light reflected and diffracted on the surface

of the disc- shaped recording nmedi um anplitude detecid {ﬁ%?[? r
detecting an anplitude of a signal based on a returnﬁéeg% r%r%Bg si gnal

information recording sidewall, which is a sidewall having the signal
information recorded thereon; tilt dejection neans for detecting a tilt
quantity base on the anplitude of the signal detected by the anplitude
detection neans, wherein the tilt detection nmeans generates a drive signal
for conpensating a tilt on the basi@dgmg tilt error signal expressed as a
differential value between a tilt indication value indicating the tilt

quantity and a,target valuye far. conpensation. wth.respect to t it
T cat ] off var ferodfina Bt b RS- Dbty R e

recording data froman RF sjgnal _based on the retyrn_light reflected and
i £ 11 act CEFORIITEh it dBe™Bioh Hgoal; EouHERR et SEb ﬂl@crﬁ%ﬂnatfﬁm SRep

di scrimnating data detection capability with respect to the recording
data, 22 Beediisedatadoscsmedivar eienofi bashisidewalie é aticenrdingamen baving dhe and
drives the optical pickup neans while changing the tilt quantity on the
basi s of teberdilrg deta segmddd theheom, fand dscaading | dnd/drndprodtiding digitallelata to
corresponding to the change in tilt quantity, and sets the target value on

the basi safifortfien tid disd-SdbeREdcOineahbBuhNihe dePp dompkifg:dat a di scrinmi nation
signal indicating a result of discrimnation of the data detection

CoPalt 1 Y SR S ARG i, ol o o
medium and receiving a return light reflected and diffracted on the surface of the disc-
shaped recording medium;

amplitude detection means for detecting an amplitude of a signal based on a
return light from a signal information recording sidewall, which is a sidewall having
the signal information recorded thereon;

tilt detection means for detecting a tilt quantity base on the amplitude of the
signal detected by the amplitude detection means, wherein the tilt detection means
generates a drive signal for compensating a tilt on the basis of a tilt error signal
expressed as a differential value between a tilt indication value indicating the tilt
quantity and a target value for compensation with respect to the tilt indication value;
and

data discrimination means for extracting the recording data from an RF signal
based on the retum light reflected and diffracted on the surface of the disc-shaped

recording medium and discriminating data detection capability with respect to the

recording data,




detection neans finds the differential value between the anplitude of the
signal based on the return l[ight fromthe signal inf %rﬁ&%ﬂﬂeﬂ'ﬁﬁgrdi ng
sidewall in the case where the |aser beamis |ocated on the inner circle
side of the disc-shaped recording nedium than the signal information
recording sidewall and the anplitude ©f the signal based on the return
light fromthe signal information recording sidewall in the case where the
| aser beamis located on the outer circle side of the disc-shaped recording

medi um than t i |+, nat | r [ j . . i

i ndi cation va|‘8§er?1ﬁ%ﬂ§§’th %fé&ﬁlﬁg%i%gf tcgrg]tg(gn ?t%’ﬁ) egm#émﬁ gglgguoé %\dggnrrsedi um
driving device as.clained in claim1, whergi.n the disc- shaped recording
et um naShe Gt Msobh ol W P e G Mebdh icl PABILt her son
as the recording area, wth one sidewall of the guide groove being the

si gnal i infisatier Yaue pesspending &1 hewhimeenn dill Gastty ﬁnfhsgfr Bedergehvae’l cycl e
inthe direction of wdth of the guide groove, and wherei n address

i nf or mat i @nthesbasiseofsthgndd indivhGommblue thus founé aod dedkto dischimirsitign signal
information recording sidewall. 4. The recording nediumdriving device as

cl ai med i idihihgnalrestith @fediserini@atiis 6f thd dpRdddtestdndiapabiligd bynthbadata
nodul at ed gui de-groove and a non-nodul at ed gui de 22 Decenber 2003 52 groove

al ternat e&ii(crﬁﬁi‘hﬁfﬂ?zf’ﬁe%&.ereon’ the nodul ated gui de groove having its wdth
or position nodulated on its both sidewalls as the signal information

recor di ngy si deyl ocordiieINATRINHALEN UL IR, ALPAVELA0H ARG, FRAY ated on

its both Side \ . ween ( gui‘de groove and
e 1o RS e e BeTOHE A b S S s SRS, Do
information recordi ng sidewall.

on the return light from the signal information recording sidewall in the case where

the laser beam is located on the inner circle side of the disc-shaped recording medium

than the signal information recording sidewall and the amplitude of the signal based

on the return light from the signal information recording sidewall in the case where

the laser beam is located on the outer circle side of the disc-shaped recording medium

than the signal information recording sidewall, as a tilt indication value indicating the

tilt quantity.

3. The recording medium driving device as claimed in claim 1, wherein the disc-

shaped recording medium has a guide groove and a land portion alternately arranged

thereon as the recording area, with one sidewall of the guide groove being the signal

information recording sidewall modulated in a predetermined cycle in the direction of

width of the guide groove, and wherein address information as the signal information

is recorded on the signal information recording sidewall.

4, The recording medium driving device as claimed in claim 1, wherein the disc-

shaped recording medium has a modulated guide-groove and a non-modulated guide




5. The recording nmediumdriving device as clained in claim1, wherein the

tilt detection nmeans sets a target value for conpen } ! w spect to
atilt indication value indicating the tilt quantitj&t%g eeP?%(é::’grdi ng

medi um driving device as clainmed in claim5, wherein the target value is
an arbitrary preset value. 7. The recgrding nediumdriving device as
claimed in claim5, wherein the target value is a value recorded in a
control information recording area of the disc- shaped recording nedium 8.

The recordin di drivi devi ce as ied.in claim.l, .whergin the

opti o pheR TRt el bhRe Sodl B Rt B e AT Pon val e
close to the, tar(gﬁt%al ye base on_the drive srhgnal . gener at ed, by ﬁhe tilt
det ect i orPYsEipadnodplated,an jig bathgidrgvakls @s tha denal itHpratipngecoding sideRath i n cl ai m
1, further conprising waveform equalization nmeans for perform ng waveform
equal i zatﬁhomonm@hl@é@ig gejde igravve Rt beigs anhodydatedionntsthoth sidewalts, Mitghao
reflected and diffracted on the surface of the disc-shaped recording

medi um wires bitwetihthewasdil aedrpeide ghdovatand themarmodalated @aideutroga beirglj ust ment
on the basis of the tilt error signal found by the tilt detection neans.
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driving a disc-shaped recording nediumin which signal information that

can be dix%g@jdga&ﬁh%%i apmfox{rﬁﬁﬁﬁgé.cﬁgﬁﬁﬁgeiﬁe&rﬁl.recorded on one of both

sidewal | s ¢ recording area having recordi ng data recorded thereon,
and recording gaclor, kol R0 artal dotsu Loy S O AL Kl
detection means sets a target value for compensation with respect to a tilt indication
value indicating the tilt quantity.
0. The recording medium driving device as claimed in claim 5, wherein the
target value is an arbitrary preset value.
7. The recording medium driving device as claimed in claim 5, wherein the
target value is a value recorded in a control information recording area of the disc-
shaped recording medium.
8. The recording medium driving device as claimed in claim 1, wherein the
optical pickup means is controlled so as to make the tilt indication value close to the
target value base on the drive signal generated by the tilt detection means.
0. The recording medium driving device as claimed in claim 1, forther
comprising waveform equalization means for performing waveform equalization
processing on an RF signal based on the return light reflected and diffracted on the
surface of the disc-shaped recording medium,
wherein the waveform equalization means carries out gain adjustment on the

basis of the tilt error signal found by the tilt detection means.




optical pickup neans for casting a | aser beamonto the disc-shaped

recording nediumand receiving a return |ight refl ecizgecnthedRb63 acted on

a surface of the disc- shaped recording nmedium anplitude detection neans
for detecting an anplitude of a signal based on a return light fro
signal information recording sidewallsz which is a sidewall having

signal information recording thereon;

tilt quantity base on the anplitude of the signal detected by the

povi i on B arolsRdit dreduh S SRS ibL ARkt REWRE chike®

position

sensi ng signal obtajned by, a sensor. for sensjng th osition.of th
obj ect i veFRIHEoFICEN dpt Vhish %%%ﬁ%}&ﬂgn #hcto bpeticrminpid o
area on the disc-shaped recording nediunmy gate pul se _generation neans for
di scri mi nigeording: drsa is resowiefl emt angeof] atl sidswallpeh e cacardiag arepehaving e
direction of wwdth of the recording area on the disc- shaped record
medi um onretdrdirigadits redorded dteemn] and seqindihg iandioc atprodudihe dpgitel tda@ntoof t he

objective |l ens supplied fromthe position detection neans,

m a
t he

tilt detection neans for detecting a

a
e
rdi ng

in the
i ng

and generating a

gate pul §RYordsn 4% JPRCAPET redbldgifeditin] G doEaOSorh@isimpeni ng and cl osing
base on the gate pul se generated by the gate pul se generation nean

wherein in the,sRgenRGS RekierPRARSE B $in chtd BEAEAISA rebbigiuggent er i 1

the directiono i sc-shaped recording

the recording area on
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based on

shaped recording medium;

amplitude detection means for detecting an amplitude of a signal based on a
return light from a signal information recording sidewall, which is a sidewall having
the signal information recording thereon;

tilt detection means for detectihg a tilt quantity base on the amplitude of the
signal detected by the amplitude detection means;

position detection means for detecting a position of an objective lens of the
optical pickup means base on a sensing signal obtained by a sensor for sensing the
position of the objective lens of the optical pickup means with respect to the recording
area on the disc-shaped recording medium;

gate pulse generation means for discriminating that the objective lens is
located near the center in the direction of width of the recording area on the disc-
shaped recording medium on the basis of a detection signal indicating the position of
the objective lens supplied from the position detection means, and generating a gate

pulse; and

S,

i gnal




fromthe signal information recording sidewall as the switch neans cl oses
based on the gate pul se generated by the gate pul se geperaiipdogpans. 11.
A recording nmediumdriving device for rotationally driving a disc-shaped
recordi ng mediumin which signal information that can be discrimnated from
recording data is recorded thereon, agd recording and/or reproducing
digital data to and/or fromthe disc-shaped recordi ng nediumthe device
conprising: optical pickup neans for casting a | aser beamonto the

compr i si ng: | pi ckup as _ o
di 177 acted on S Pees T odlRiRy RERaR R AELE Rulk BElork®d LIRS O0

detection neans for detecting an anplitude of a signal based on return
li ght fr ofA'¢ RESEEEHAPHMBPat i on recordi ng sidewal |, which is a sidewal |

having the signal information recording thereon; and tilt detection neans
for detecting Wherinindhestserwhese thenebieghyeilensde lefatadhecas thyegnterdedhcct ed by
the anplitude detection neans; wherein the tilt detection neans

st andar di diesctian sif gridth 6ftedecordmgrataion the gist-shépednmetdrding mudiumi, Wieor nat i on
recording sidewall in the case where the |laser beamis |ocated on the

i nner  ci r ghelittilél@etdtionnBeshk FetesRane SnpERiAE Af BGigharbasd bhake fthensighanal
information recording sidewall or a signal based on the return [ight from

the si gnakr?%%hp%ggggpﬁ&forﬁ@% 5&@5@ LRl L s rtﬁé:%ﬂ%l{‘ﬂxeéri&dﬁ}ﬂ‘&k lakdd $re case

where the [aser amis located on"an outer <circle side of the disc-shaped
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recording medium in which signal information that can be discriminated from
recording data is recorded thereon, and recording and/or reproducing digital data to
and/or from the disc-shaped recording medium the device comprising:
optical pickup means for casting a laser beam onto the disc-shaped recording
medium and receiving a return light reflected and diffracted on a surface of the disc-
shaped recording medium;
amplitude detection means for detecting an amplitude of a signal based on
return light from the signal information recording sidewall, which is a sidewall having
the signal information recording thereon; and
tilt detection means for detecting a tiit quantity on the amplitude of the signal
detected by the amplitude detection means;
wherein the tilt detection means standardizes a signal based on a return light
from the signal information recording sidewall in the case where the laser beam is

located on the inner circle side of the disc-shaped recording medium than the signal

information recording sidewall or a signal based on the return light from the signal




beamis located on the inner circle side of the disc-shaped recording
medi um than the signal information recording sidewal d a i.qum val ue
of the anplitude of the signal based on the return I}Zéﬂjtréc?mtﬂgﬁ%?si gnal

information recording sidewall in the case where the |aser beamis | ocated
on the outer circle side of the disc-ghaped recording nediumthan the
signal information recording sidewall, one maxi mum value is nade

coi nci dent vvi th the ot her maxi mum val ue. 12 Atilt det ecti on net hod

conpri sin, f: .casting,a | aser am q hape recording
o um | g FRhe PG BS B R Her R Bl bl e TR i
recording data_.is.recorded on one of both  sidewalls of a recording area
havi ng t herdeuds af thg Saapeécrsméﬂlgtm@l@eﬁhméﬁa signaldafopmaonreceidiig, | i ght
reflected and dlffract ed on the surface of the disc-shaped recording

medi um dedereli sy theh efhpmiaxirdenctalee of gwadmplitudalobtheasigeal thaped pyithe from a
signal information recording sidewall, which is a sidewall having the
signal i n:fenmﬂi‘fghmommsigﬁlﬁdnfohﬁamﬂ,ecaﬁmgdedeemni ingheacdse mthesputhafdasely based
on the anplitude of the detected signal detected, wherein a drive signal

for conmpepsmat isNScafed éd ﬁl&hl%‘l@%ﬁ@l‘é%i&%f\fﬁé Si8c-Blaped r@Rdrding hlekiunetHaflthei gnal
expressed as a differential val ue bet vveen atilt indication value
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and

case where the laser beam is located on the outer circle side of the disc-shaped
recording medium than the signal information recording sidewall, one maximum
value is made coincident with the other maximum value.
12.  Atilt detection method comprising the steps of:

casting a laser beam onto a disc-shaped recording medinm in which signal
information that can be discriminated from recording data is recorded on one of both
sidewalls of a recording area having the recording data recorded thereon, and
receiving a return light reflected and diffracted on the surface of the disc-shaped
recording medium;

detecting an amplitude of a signal based on a retum light from a signal
information recording sidewall, which is a sidewall having the signal information
recorded thereon; and

detecting a tilt quantity based on the amplitude of the detected signal detected,

wherein a drive signal for compensating a tilt is generated value based on a tilt

error signal expressed as a differential value between a tilt indication value indicating




the data detection capability with respect to the recording data is

di scrim nated, and wherein optical pickup neans for i hg.,a er beam
onto the disc-shaped recording nedium and recei Vi ng%eqeg}bﬂk@ ght
reflected and diffracted on the surface of the disc-shaped recording
mediumis driven while changing the tdJt quantity on the basis of the
drive signal, then a tilt indicationvalue corresponding to a change in
the tilt quantity is found, and the target value is set on the basis of the
tilt indigation value thus fqund and a data discrimnati .Si.gnal
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13. The tilt detection nmethod as clained in claim 12, wherein the

di ff erentYa#e val ue between the anplitude of the signal based on the return
light fromthe signal information recording sidewall in the case where the
| aser beam i s Whweihdbe omotdieg ditaiseexteited [fens hd &Fofigiah dastidsm: thh agiah

recordi ng mediumthan the signal information recording sidewall and the

anpl i t udetigh réfieRtedi 0 difilaoee dnhe filitack oF tedibd-gHabed feabidifemediugnald
information recording sidewall in the case where the |aser beamis |ocated

on the oMk GhaflefeCtibn éa?gﬁgﬂf wftﬁ'?eé‘.giz&?? ﬁféqp&qdihgg%qé BScimfate Sfen the
signal information recording sidewall 1s found as a tilt 1ndication value
indicating the 1ilt antity. 14. The tilt detect] t -aS jmed in
ol ai m 12, Cwherehore PR e, pes RE bl § FREGHHRT o' B3RS ove and
a land portiqn alternately arranged thereo as the recording area, with
one si dev@i&F‘Pfgﬁ’B medivghead r@‘f%‘&%’;‘%g[g%ifﬁ@n% ﬁ’&ﬁg ifﬁi"zﬁ‘%z %‘E@e@ﬁﬁ@a P6% 57
information recordi ng sidewall nodulated in a predeterm ned cycle in the

di r ect i orsusface of the Hissfshened rgefirdiag gradovre is drentd eethanging thesdlt fvamétshat i on as
the signal information is recorded on the signal information recording

si dewal | . on the basis of the drive signal, then a tilt indication value corresponding to a change

in the tilt quantity is found, and the target value is set on the basis of the tilt indication
value thus found and a data discrimination signal indicating a result of discrimination
of the data detection capability.

13, The tilt detection method as claimed in claim 12, wherein the differential
value between the amplitude of the signal based on the return light from the signél
information recording sidewall in the case where the laser beam is located on the
inner circle side of the disc-shaped recording medium than the signal information
recording sidewall and the amplitude of the signal based on the return light from the
signal information recording sidewall in the case where the laser beam is located on
the outer circle side of the disc-shaped recording medium than the signal information
recording sidewall is found as a tilt indication value indicating the tilt quantity.

14.  The tilt detection method as claimed in claim 12, wherein the disc-shaped
recording medium has a guide groove and a land portion alternately arranged thereon

as the recording area, with one sidewall of the guide groove being the signal




15. The tilt detection nethod as clained in claim12, wherein the

di sc-shaped recording nedi um has a nodul ated gui de gFPEY¥&RY 2803

non- nodul at ed gui de groove alternately arranged thereon, the nodul at ed

gui de groove having its width or position nodulated on its both sidewalls
as the signal information recording s¢dewall, the non- nodul ated guide
groove not being nodulated on its both sidewalls, with an area between the
nodul at ed gui de groove and the non-nodul at ed gui de groove being the

recor di ”giéagérﬁﬁtio@ o g%sg{}i&ziv%f%ﬁélﬁteh% 9@?&%%%11%& c @%rﬂ}g’h?ggﬁ%&’ﬁ et i on

is recor on the si ormat1on recordi ng si e tilt

det ection th as.clained | | aim rein a target .value for
conpensar MHT i s Bick B0ES ahd e fin haes PR Dartschy HEra AP i1 ¢
guantity js sg(ﬁ. 17. The tilt detection nethod as clainmed in claim16,
wher ei n” t Hdeqosdegen thg pignaliitognation wrerdmepidsmaliet val ue. 18. The tilt
detection nethod as clainmed in claim16, wherein the target value is a

val ue recbrdedThatil datertionlméthédppraldioed iectaini 1y whacindhe tdws-dieped shaped
recording medium 19. The tilt detection nethod as clainmed in claim12,
wher ei n oetordilg pediktiphasnemodulited goRiistdrogyetandasesn-bedtlatedtguideh@odvesc- shaped
recordi ng medium and receiving the return light reflected and diffracted

on the sugifepssel(larreheedthecos NBO BB INREA BiderodRihaVid 1B GRIM bPhébSO as to

make the tilt indication value close to the target value based on the

drive si ghuis.\%a O%ﬁmgid&g’?&a{%ﬁ%ﬁggﬁ‘% %oﬁhétionqgéo?ﬁﬁg%me%hhﬁg nBii- cl ai med

inclaim erein galn a wavef orm equdal 1 zat1on processi ng

perfor mdmggulgt%d %Eli(fé no%lve bn% %%in%nmtoggla{egtolﬁr ifs both sidewalls, with an area

between the modulated guide groove and the non-modulated guide groove being the
recording area, and Whereip address information as the signal information is recorded
on the signal information recording sidewall.

16.  The tilt detection method as claimed in claim 12, wherein a target value for
compensation with respect to a tilt indication value indicating the tilt quantity is set.
17.  The tilt detection method as claimed in claim 16, wherein the target vatue is an
arbitrary preset value.

18.  The tilt detection method as claimed in claim 16, wherein the target value is a
value recorded in a control information recording area of the disc-shaped recording
medium.

19.  The tilt detection method as claimed in claim 12, wherein optical pickup
means for casting a laser beam onto the disc-shaped recording medium and receiving
the return light reflected and diffracted on the surface of the disc-shaped recording
medium is controlled so as to make the tilt indication value close to the target value

based on the drive signal.




light reflected and diffracted on the surface of the disc-shaped recording
mediumis carried out based on the tilt error signalas Bdeentdet bbiiz det ection
nmet hod conprising the steps of: casting a | aser beamonto a di sc-shaped
recordi ng mediumin which signal information that can be discrim nated
fromrecording data is recorded on ong of both sidewalls of a recording
area having the recording data recorded thereon, and receiving a return
light reflected and diffracted on a surface of the disc-shaped recording

medi um dgt ect . Litu of .S gnal d_on [ 6 n.lLi froma
cignal i Aor mab o Seei it uled SRR P Ble R MRl |2
signal information recorded thereon; detecti a tilt antjty on the
basis of Wﬁ%%%@ﬂ%l&éﬁ% PYOCESSiME BRI Pt REggatl baget QB REFHE a
position of an objective |ens of optical pickup means for casting a |aser

beam ont olighiaclecied andpidiaciedt on dingprinee ol theadisc-plaped veosrding aedimyin | i ght

reflected and diffracted on the surface of the disc-shaped recording
medi um beaded om basedsanthie midf esiogrighalobt ai ned by sensing the position of the
objective |l ens of the optical pickup neans with respect to the recording

area on the di AGISERERIN HRESIEoREprisiRAhs BepFdfScri m nating that the
objective lens is located near the center 1n the direction of wdth of the

recording ar ea.Rfink helatl: YeatlBRE b HSCOAR S RARUThARHNG Pieh Sighly a 22

Decenber 2003 tection signal indicating the“position of the objective

| ens, andh&grrﬁ%td%}l " cGn B2 tleE;crimim';xted from recording data is recorded on one of both

sidewalls of a recording area having the recording data recorded thereon, and
receiving a return light reflected and diffracted on a surface of the disc-shaped
recording medium;

detecting an amplitude of a signal basea on a return light from a signal
information recording sidewall, which is a sidewall having the signal information
recorded thereon;

detecting a tilt quantity on the basis of the amplitude of the detected signal
detected;

detecting a position of an objective lens of optical pickup means for casting a
laser beam onto the disc-shaped recording medium and receiving the return light
reflected and diffracted on the surface of the disc-shaped recording medium, based on
a sensing signal obtained by sensing the position of the objective lens of the optical
pickup means with respect to the recording area on the disc-shaped recording
medium;

discriminating that the objective lens is located near the center in the direction

of width of the recording area on the disc-shaped recording medium on the basis of a




pul se; and closing switch nmeans based on the gate pulse so as to detect the
anplitude of a signal based on the return |ight fromgt eﬁjbgpg_b%
t ho '

information recording sidewall. 22. Atilt detection ne conprising the
steps of. casting a | aser beamonto a di sc-shaped recording nediumin which
signal information that can be discr4grinated fromrecording data is

recorded on one of both sidewalls of a recording area having the recording
data recorded thereon, and receiving a return light reflected and

diffracte n. surface of the di.sc-s ed. recardi ng. nedi ef.ecting an
arpl | ¢ ucleehigh STl Aforblog iF o806 BF AR PhiafFR G 24 TRk R O
recording sidewall, which is a sidewall having the signal information

recor ded PH&E &Bh; and detecting a tilt quantity on the basis of the
anplitude of the detected signal detected, wherein a signal based on the
return |ight felesing peitei gerns bagadamihe igate pulse 60 asiindetedt daunplitide efile case
where the |laser beamis |ocated on the inner circle side of the

di sc- shapsighat baseddinrtie readh light fiem thd@gsil grfaimativhaecmadingnideaalds di ng si dewal |
or a signal based on the return light fromthe signal information recording

sidewal I 2n tAeilcastivhaicthddRnlpsmiz theaepd of: | ocated on the outer circle
side of the disc-shaped recording nediumthan the signal information

di id o [tz €04 : ' e pfith
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information recordi ng sj dg.wal.l .ip the case .V\/n%re .t he | aser bearlg i %hl ocat ed
52 Decerb o%ggn t €an be disctiminated froin reécording data is recorded on oné of bo

-sidewalls of a recording area having the recording data recorded thereon, and
receiving a return light reflected and diffracted on a surface of the disc-shaped
recording medium,;

detecting an amplitude of a signal based on a return light from a signal
information recording sidewall, which is a sidewall having the signal information
recorded thereon; and

detecting a tilt quantity on the basis of the amplitude of the detected signal
detected,

wherein a signal based on the return light from the signal information
recording sidewall in the case where the laser beam is located on the inner circle side
of the disc-shaped recording medium than the signal information recording sidewall
or a signal based on the return light from the signal information recording sidewall in
the case where the laser beam is located on the outer circle side of the disc-shaped
recording medium than the signal information recording sidewall is standardized so
that, of a maximum value of the amplitude of the signal based on the return light from

the signal information recording sidewall in the case where the laser beam is located




on the inner circle side of the disc-shaped recording nediumthan the

signal information recording sidewall and a maxi mjmééaq) anpl i tude
of the signal based on the return light fromthe signha éj?eer'?%rr?g@ on

recording sidewall in the case where the |aser beamis |ocated on the
outer circle side of the disc-shaped ggcording mediumthan the signal
information recording sidewall, one maxi numvalue is made coincident with
t he ot her maxi mum val ue. 23. A recording nediumdriving device for

tational |y drjvi di.sc- sh di di um havj i gnal
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discrimnated fromrecording data is recorded, and recordin and/ or

r epr oduci WePreaer sgcorting sidewalh apé g maximimealug g’féﬂ@r?ézﬁéﬂuc}ee%%ﬁhaiswahedi um
the device conprising: optical pickup neans for casting a | aser beam

f or med bybasedran thdectmndight firomu thet signad ifobmatmnspotslingntidewdibimdthe casthaped
recordi ng medium and receiving a return light reflected and diffracted on

t he surfarBerefthd igerdicatir BHageel &€ aRr ditdtirbdiidebl arplisd-sidged edcoptingn nmeans
for detecting an anplitude of a signal based on a return light of two

target beaguinROhan t1Rf sigdie iﬂf@ﬁﬁhtﬁﬁ%&oﬁ_@i?ﬁ?is?d&%ail“@néﬁ&%iﬁﬁﬁh‘ﬂ‘vﬁﬁ@?@madé rom the

signal information recordi ng sidewal 't detection means for detecting a

tilt quané&élté%{%%@%@ltﬁgoﬁ@gmﬁg%@983 of the signal detected by the

anpl i tude ion Treans; varue setting neans for setting a target
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based on the return light reflected and diffracted on the surface of the
di sc- shap@gordingDagdiypehaving 3 signal information recording sidewall on which signal
information that can be discriminated from recording data is recorded, and recording
and/or reproducing digital data to and/or from the disc-shaped recording medium, the
device comprising:
optical pickup means for casting a laser beam formed by a main beam spot and
two sub-beam spots onto the disc-shaped recording medium and receiving a refum
light reflected and diffracted on the surface of the disc-shaped recording medium;
amplitude detection means for detecting an amplitude of a signal based on a
return light of two target beam spots, of the main beam spot and two sub-beam spots,
from the signal information recording sidewall;
tilt detection means for detecting a tilt quantity based on the amplitude of the
signal detected by the amplitude detection means;
target value setting means for setting a target value for compensation with
respect to a tilt indication value;

data discrimination means for extracting the recording data from an RF signal

based on the return light reflected and diffracted on the surface of the disc-shaped




61 recording nedium and discrimnating data detection capability with

respect to the recording data; and drive signal genqzq:?]é Elbgpm for
generating a drive signal for conpensating a tilt on the basis of a tilt

error signal expressed as a differential value between the tilt indication
value and the target value for conpengation with respect to the tilt

i ndi cation value, wherein the drive signal generation nmeans controls and
drives the optical pickup neans while changing the tilt quantity on the
basi s of i S ) j s £ ngs i
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target val ue set&i ng_ﬂgeans sets the target value on the basis of the tilt
i ndi cat i off°® 3% by the tilt detection means and a data
discrimnation _signal indicating the result of the discrimnatjon of the
data det ect i ond@¥pugnal generaipnheang freenenating p #rivesiged fapeamapensafingme
recordi ng mediumdriving device as clained in claim23, wherein the tilt
det ect i ontitearike basidsf, a 6l emot bighali axgiessedi asra differeatialmcilwealydtweent the tili | t
quantity, the differential value between the anplitude of a first signal,
which is mdhgalvahrRsed dfc tirger vAbeirfor ldogipendation wille ei@o@alto ithé aflmat i on

recording sidewall in the case where one of the two target beam spots is
| ocat ed opgiddBoh PREL circle side of the disc-shaped recording nmediumthan
the signal 1 nformation recording sidewall, detected by the anplitude

detection nmeang, and.the. | i tude of. cond _si gn Lch i i gnal
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the tilt detection means finds the tilt indication value corresponding to a

change in the tilt quantity; and

the target value setting means sets the target value on the basis of the tilt
indication value found by the tilt detection means and a data discrimination signal
indicating the result of the discrimination of the data detection capability by the data
discrimination means.
24,  The recording medium driving device as claimed in claim 23, wherein the tilt
detection means finds, as a tilt indication value indicating the tilt quantity, the
differential value between the amplitude of a first signal, which is a signal based on
the return light from the signal information recording sidewall in the case where one
of the two target beam spots is located on the inner circle side of the disc-shaped
recording medium than the signal information recording sidewall, detected by the
amplitude detection means, and the amplitude of a second signal, which is a signal
based on the return light from the signal information recording sidewall in the case

where the other one of the two target beam spots is located on the outer circle side of



22 Decenber 2003 62 the disc-shaped recordi ng nediumthan the signal.
information recording sidewall, detected by the anplj j ONn neans.
25. The recording nediumdriving device as clained i néécl?g(%nn?%%?% erein the
di sc-shaped recordi ng nmedi um has a nodul at ed gui de groove and a

non-nodul ated guide groove alternategy provided thereon, the nodul ated

gui de groove having its wdth or position nodulated on its both sidewalls,
t he non-nodul at ed gui de groove not being nodulated on its both sidewalls,
with an be . A8 de.. ano n he_non- ated
gui de gr g{g‘\%}gdlg(g%ﬂr%gg%rr %J\;?%}g% aés a ﬁg%ﬁh%o?l i c%nl,g%\%n ?tﬁ 1 %ff'fél wr%‘%ﬁ{agﬁ'gg’ gui de
groove and .t he, nop- nodul gld ui de groove being used as a recording area
for recor@?tﬁcgeqﬁgﬁ’iﬁ@&ﬁlﬁfa‘i‘? et?g‘il?ﬂ“{nﬁg‘?sei n, and wherein address information
as the signal information is recorded on the signal information recording

si dewal | .226. The recosding imegive dnivingddeweenes deimaseinaglai 23 rwderein gheai m 25,
wherein the optical pickup neans casts the main beam spot to the nodul ated
gui de gr odiseshaped wecomding nmasliherh dteed moduged) pomieegroaredarslas meninivelutatel sub- beam
spots to the two |land portions, respectively, adjacent to the nodul ated

gui de gr oguiée @fodveealiRaitdlP dubad @l oA thedidawgtet Coi GlbolBdafRicitdeam spot
is cast, the anplitude detection neans detects the anplitudes ot signals

based on it of Pouibn hélfiltechn L Do AIMAILARM SR fulbicl BuldiCurban2!

i nformation recording sidewa e anplitu e sign ased on

t he returp lLiaht t ar.qet .. beam spot romghe si | i.nformation
recor di ngg%ibgg%arﬁfglg%%f r11t\e§l%t0 I §1§¢§g%1lgtwﬁg1ﬁn ﬁﬁeélﬁ)s&‘?'?eﬁcf ©mo u%ﬂ%] g‘?é]e
I ndi cati Ogro\é\% gx?d Ithrt]:drlno(éz(ilrtnIo(rillgattetki‘ egch{el éroove being provided as a land portion, with

the modulated guide groove and the non-modulated guide groove being used as a
recording area for recording the recording data therein, and wherein address
information as the signal information is recorded on the signal information recording
sidewall.
26. The recording medium driving device as claimed in claim 25, wherein the optical
pickup means casts the main beam spot to the modulated guide groove or the non-
modulated guide groove, and casts the two sub-beam spots to the two land portions,
respectively, adjacent to the modulated guide groove or the non-modulated guide
groove to which the main beam spot is cast,

the amplitude detection means detects the amplitudes of signals based on the
return lights of the two sub-beam spots from the signal information recording
sidewall, as the amplitudes of the signals based on the return lights of the two target
beam spots from the signal information recording sidewall, and

the tilt detection means finds, as a tilt indication value indicating the tilt

guantity, the differential value between the amplitude of a first signal, which is a




gquantity, the differential value between the anplitude of a first signal,
which is a 22 Decenber 2003 63 signal based on the retupacdmithitofizom t he

signal information recording sidewall in the case where one of the two
sub-beam spots is | ocated on the inner circle side of the disc-shaped
recordi ng nmediumthan the signal infoggation recording sidewall, detected

by the anplitude detection nmeans, and the anplitude of a second signal,
which is a signal based on the return light fromthe signal information

recor di NYsisRdidRVE dn iH3 rbih ﬁgftefr&ﬁ eesigxlhﬁ gﬁg?ﬁﬁ}dgﬂ%p&ﬁing%g%éggmriﬁ% beam

spots is |l ocated on the out circle I Sc- ecordi ng

medi um th e_si i.nformtion _recordi sidewal | , .detecte t he
anplit udeg%gt%@éetr ‘? gﬁgﬁgglﬁs%v Ozsgl% 'bﬁ%gl Srpé)gsolrsolf)%%&h%r&l?lherﬂnﬂ?ﬁ Wcﬁ% S@S\P?é@“yas
claimed in, cl ai m23, erein.the_ digc-shaped recording negdi um has an

i nner - si d&'5f E‘tﬂegt B %@%“Hﬁv@aﬁn@eaﬁg‘lguf‘gPWt’@é Frsgtsing sddefidllde groove
alternately provided thereon, the inner-side nodulated guide groove having
t he si gnafetpéied birethe emplisidsr ¢hteriionirdeanal andheaamplitidsvaf la ssaondheighalner
circle side of the disc-shaped recording nedium the outer-side nodul ated
gui de gr oehehhiavd nignsélhieased @nathe i refund fighi fionr deosigdhalgnRindetied recasding

sidewall on the outer circle side of the disc-shaped recording nedium wth

an area bideweeih thBeabd R Ihelothepony ot e tﬁldisd@-bgﬁlﬁ@?_&s athehide opuher - si de
nodul at ed gui de groove being provided as a | and portion, the |land portion

bei NQ._ USeguis cficlb Y Of B didl b lredc Pk ?gﬁg?ﬁﬁﬁ?% LG NGnfRhasLDer o1 N

and wherei n address | ormation as t on I's recorded on

he si I Nk ' ' ' |1, 28 Th di di drivi
ot oo acresPRIRLIBHHAL &GRS 0Y U bl doockBp et b choup means casts the-

mai n bea ot_fo the land portjon, gnd casts the two,
n&ip T}ne recording medrl;)um rving egce as claimed in claim 23, wherein the

disc-shaped recording medium has an inner-side modulated guide groove and an
outer-side modulated guide groove alternately. provided thereon, the inner-side
modulated guide groove having the signal information recording sidewall as a
sidewall on the inner circle side of the disc-shaped recording medium, the outer-side
modulated guide groove having the signal information recording sidewall as a
sidewall on the outer circle side of the disc-shaped recording medium, with an area
between the inner-side modulated guide groove and the outer-side modulated guide
groove being provided as a land portion, the land portion being used as a recording
area for recording the recording data therein, and wherein address information as the
signal information is recorded on the signal information recording sidewall.

28.  The recording medium driving device as claimed in claim 27, wherein the
optical pickup means casts the main beam spot to the land portion, and casts the two
sub-beam spots to the inner-side modulated guide groove and the outer-side

modulated guide groove adjacent to the land portion, respectively,



sub- beam spots to the inner-side nodul ated gui de groove and the outer-side
nodul at ed gui de groove adjacent to the |and portion, I 22
Decenber 2003 64 the anplitude detection nmeans det ectiszq?‘%cgeﬁgﬁr\;?b%udes of
signals based on the return lights of the two sub-beam spots fromthe

signal information recording sidewal as the anplitudes of the signals
based on the return lights of the two target beam spots fromthe signal
information recording sidewall, and the tilt detection nmeans finds, as a
tilt indicatiopn val i ndjcating the til uantity,. the differential value
bet ween t he, anpfi E‘ﬁ‘%%kcﬁ?qgg’a%ﬁ Fhegts h\ﬂﬂ%%ﬁﬂ?iesffsé@aﬁ%as cgglé “n the
return light fromthe_ signal information recordi ngi sidewall in the case
wher e oneeBen tlights wh thei™eecarh-Reen sppls Femathsgsignal; kdormpatien recpding si de of

the disc-shaped recording nediumthan the signal information recording
si dewal | ,sideretlicas &ut dyplithdesanfithd sigoiads tated oini the refemnlightsalithe Heodamges t ude of
a second signal, which is a signal based on the return light fromthe

si gnal i rfeafgplotsoifon Eeigiah thiodiadienatdording tidewslisadwher e t he ot her one of
the two sub-beam spots is |located on the outer circle side of the

di sc-shaped reggridi RgtfBd WBAN®AAE LR £1tANAdildBbAT VHMId BllicakiRg OheitNg
sidewal |, detected by the anplitude detection nmeans. 29. The recording
medi um drj V| Vi - i | . Chai { . hsg-shaped
recor di ng i 4 S Agr BERS s BaCiE dbefies 00k e iy, SRR R0
provi ded thereon,, th ui de, grqove havi ng.the sjgnal informatian recording
D Govil | ST G B dethiluh drore e Nl g el Yot RSB A€ of t he
di sc-shaped recording nediu with the guide groove and the |and portion
bei ng usetsadvherconapihtedveaybihsam spetsois dpeied: ore thecaperairide ide Htther ein,
respectively, and wherein address information as

disc-shaped recording medium than the signal information recording sidewall,

detected by the amplitude detection means, and the amplitude of a second signal,
which is a signal based on the retumn light from the signal information recording
sidewall in the case where the other one of the two sub-beam spots is located on the
outer circle side of the disc-shaped recording medium than the signal information
recording sidewall, detected by the amplitude detection means.

29.  The recording medium driving device as claimed in claim 23, wherein the
disc-shaped recording medium has a guide groove and a land portion alternately
provided thereon, the guide groove having the signal information recording sidewall
on one of the inner circle side and the outer circle side of the disc-shaped recording
medium, with the guide groove and the land portion being used as recording areas for
recording the recording data therein, respectively, and wherein address information as
the signal information is recorded on the signal information recording sidewall.

30.  The recording medium driving device as claimed in claim 29, wherein the

optical pickup means casts the main beam spot to the guide groove or the land




the signal information is recorded on the signal information recording
sidewal | . 30. The recording nediumdriving device as & BidRbet Bogd ai m 29,
wherein the optical pickup neans casts the nmain beam spot to the guide
groove or the |and 22 Decenber 2003 65 portion, and casts the two sub-beam
spots to the land portions or the guigte grooves, respectively, adjacent to
the I and portion or the guide groove to which the nmain beam spot is cast,
the anplitude detection neans detects the anplitudes of signals based on

the return.lights of .the t sub- beam spots fromthe signal information
recor di ngPOfE?‘agébaﬁﬁs,%g?WeS“ HSAT: $98. stootgeﬁﬂjél S %%%ﬁ%&@e&ﬁ"?"ﬁ& return
lights of the two target beam spots fromthe signal jpjlréLornatj aon recording

si dewal |, TegRfgtivels adjacentde theclepdnomtion s the sde £9evata Which themaimi g val ue
indicating the tilt quantity, the differential value between the anplitude
of a firsspotisgast] , which is a signal based on the return light fromthe
signal information recording sidewall in the case where the nmain beam spot

is located on thhemplinge detectdenebaedascts the anplindsi sfcighalsshaded of thehe
di sc-shaped recording nediumthan the signal information recording

si dewal |, refih SpgrRgl obYint Neo2S-béamiepd@t 86k G GRARS infoRshtiohercbiind ude of a
second signal, which is a signal based on the return light fromthe signal
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spots is Toca _ outer ci de or "the er circle si'de of the
Si doval | DR SERCEPID i HL P RgR RroroE PR LG, 31, The T ecor di ng
medi um driving device as clained in claim23, wherein the target value is
an arbitrary phedét dolgptien means finds, as a tilt indication value indicating the tilt

guantity, the differential value between the amplitude of a first signal, which is a

signal based on the return light from the signal information recording sidewall in the

case where the main beam spot is located on the inner circle side or the outer circle

side of the disc-shaped recording medium than the signal information recording

sidewall, detected by the amplitude detection means, and the amplitude of a second

signal, which is a signal based on the return light from the signal information

recording sidewall in the case where one of the two sub-beam spots is located on the

outer circle side or the inner circle side of the disc-shaped recording medium than the

signal information recording sidewall, detected by the amplitude detection means.

31.  The recording medium driving device as claimed in claim 23, wherein the

target value is an arbitrary preset value.

32.  The recording medium driving device as claimed in claim 23, wherein the

target value is a value recorded in a control information recording area on the disc-

shaped recording medium.




32. The recording nmediumdriving device as clainmed in claim23, wherein the
target value is a value recorded in a control infor j Ldhfg area on
t he di sc- shaped recordi ng nmedi um 22 Decenber 2003m63?£‘>z ggc.énﬁegzrgg%ordi ng
medi um driving device as clainmed in claim?23, further conprising drive
signal generation means for generating a drive signal for conpensating a
tilt on the basis of a tilt error signal expressed as the differenti al
value between the tilt indication value and a target val ue for

conpensatipon With the.tilt .indigation value. 34. The recordi di um

1 gt cerht titTina merB g Ve, B e BB p SRHE neans i s
controlled so.,as to, make the tilt indication value close to the target

val ue on ¢ePTsRg Jdriie sigealygeperation farange flr ZEvdatHie ahdlriye §igndj dofal
generation neans. 35. The recording nmediumdriving device as clainmed in

cl ai m 33, cdmpankating atdlfrpn ihei hagiswé e dil taarror signall dxpressadras Heeadisfefeptialyaldeor ni ng
wavef orm equal i zati on processing on an RF signal based on the return |ight
r ef | ect edbetwderd i tihdhéidativn vdlee asdiaftaget ohlut Her digpersitipedritheheonili ng

medi um wherein the waveform equal i zati on neans carries out gain adjustnent
on the bagiauehvilhe tilt error signal found by the tilt detection neans.
36. Atilt detection nethod conprising the steps of casting a | aser beam

formed bysg M. BeAmEP Yol dithSHRABCATLARGLS 1 AP 3. Uifasiigped

recordi ng” medi um havi ng©a sign ormat ron recording sidewa on whi ch

stgnal 1 nfof TPHcR hdhs S5l 74 107 uhkibe He fift S0hiCARR VAR S the

target value on the basis of the drive signal generated by the drive signal generation

means.
35.  The recording medium driving device as claimed in claim 33, further
comprising waveform equalization means for performing waveform equalization
processing on an RF signal based on the retum light reflected and diffracted on the
surface of the disc-shaped recording medium,
wherein the waveform equalization means carries out gain adjustment on the

basis of the tilt error signal found by the tilt detection means.
36. A tilt detection method comprising the steps of:

| casting a laser beam formed by a main beam spot and two sub-beam spots
onto a disc-shaped recording medium having a signal information recording sidewall
on which signal information that can be discriminated from recording data is
recorded, and receiving a return light reflected and diffracted on the surface of the

disc-shaped recording medium;




recorded, and receiving a return light reflected and diffracted on the
surface of the disc-shaped recording nedium 22 DecefSgccaies 2603
detecting an anplitude of a signal based on a return Iight of two target
beam spots, of the nmain beam spot and two sub-beam spots, fromthe signal
information recording sidewall; and gietecting a tilt quantity on the basis
of the anplitude of the detected signal, wherein a target value for
conpensation with respect to a tilt indication value is set, wherein the
recordi ng dat agd t ol eF! elqigl.@ l'i ght
refl ected anda%%tﬁﬁgc@ﬁ%ﬁu{iﬂﬂg?g?gﬁof t%\é&gi?lsc-sﬁgggﬁ térgggeglinng

medi um and. a.data defection capahility wth,r e . di ng data
is discri ?ﬁortlsatoéfgf?e LA (B)ff)atlrll & ch a&gc 3pSulrtr)eb\é{f‘fa%%1 %ptéFs’ E:%[;s :ﬂ{r?gglgn ﬁtl gngg?ﬁ%tgd;r‘lm form ng
the main beam_spoéﬂé’?nq he two sub-beam spots on the disc-shaped recording
medi um antFoPTging f\]lli’ﬁ‘&}the return light reflected and diffracted on the

surface of the disc-shaped recording nediumis driven while changing the
tilt quantity @eiedingarilaquantityeonsthehais ¢ighe amplitidn obthicdgiested isighabased on a
tilt error signal expressed as a differential value between the tilt

i ndi cati on val whereinda tanget tvalug dor combpeasdtion vidnpspeato atiltvindicatiesypdet to t he
tilt indication value, and the target value is set based on the tilt

i ndi cati oy g¢gl ue thus found and a data discrimnation signal indicating a
result of the discrimnation of the data detection capability. 37. The

ilt detect i onyEkhOfle 3:oRliak BRY il BrfdMcif an'KISEighdl bl ol fibSemRi | 2

light reflected and diffracted on the surface of the disc-shaped recording medium, and
a data detection capability with respect to the recording data is discriminated, and
optical pickup means for casting a laser beam forming the main beam spot and
the two sub-beam spots on the disc-shaped recording medivm and for receiving the
return light reflected and diffracted on the surface of the disc-shaped recording
medium is driven while changing the tilt quantity based on a drive signal for
compensating a tilt based on a tilt error signal expressed as a differential value
between the tilt indication value and the target value for compensation with respect to
the tilt indication value, and the target value is set based on the tilt indication value
thus found and a data discrimination signal indicating a result of the discrimination of
the data detection capability.
37.  The tilt detection method as claimed in claim 36, wherein the differential
value between the detected amplitude of a first signal, which is a signal based on the
return light from the signal information recording sidewall in the case where one of
the two target beam spots is located on the inner circle side of the disc-shaped

recording medium than the signal information recording sidewall, and the detected




val ue between the detected anplitude of a first signal, which is a signa
based on the return light fromthe signal informati i i dewal

in the case where one of the two target beam spots ?%2?%%§?%%Qg%§the i nner
circle side of the disc-shaped recording nmediumthan the signal
information recording sidewall, and tdge detected 22 Decenber 2003 68
anplitude of a second signal, which is a signal based on the return |ight
fromthe signal information recording sidewall in the case where the other

one of thg,iiWRdd 8f 98kcordCdRa3PRERAIiS ol Q5RH Ws@ort MR RAMIAT Lt e tifd de of

t he di sc-shaped recordi ng fedi um than tThe signal information recording

si dewal I, ] bl L dandi ' {.hdj i t]

quantity.Sl .hﬁﬁ%%wﬁﬁfg5%®é%§#%ﬁﬁﬁe ﬁ%gm%%&%%gpk% h%ﬁkgﬁgpﬁﬁggf&%%%rein t he
di sc-shaped recordin di um has a .nmodul d gui de qgroove. and

on modl SEBGIGE HdOREb0B B Per FRTBIYe60F dE TGO R at e
gui de groove having its wdth or position nodulated on its both_ sidewalls,
t he non- ribawthe signguinfermgtion recardingpidavell iodoinsk ag adit indicasigprvalydewal | s,
with an area between the nodul ated gui de groove and the non-nodul at ed
gui de gr ciodieatieg thg titrqmantityd as a | and portion, with the nodul ated guide
groove and the non-nodul at ed gui de groove being used as a recording area

for recorsi.ng TietiltetetdclibNInétRéd at REAMED in ANAMVIE I @héteiaditle efisc-sbapédr mat i on
as the signal information is recorded on the signal information recording

si deval | . 133 dinpNBedilint had &l BE4112R4 gﬁ{a@cg}o% £l A&nioBukled] %}‘i&Bgrowr ein the

mai n beam spot ” 1s cast to the nodul ated gui de groove or the non-nodul at ed
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modulated on its both sidewalls, the non-modulated guide groove not being
modulated on its both sidewalls, with an area between the modulated guide groove
and the non-modulated guide groove being provided as a land portion, with the
modulated guide groove and the non-modulated guide groove being used as a
recording area for recording the recording data therein, and wherein address
information as the signal information is recorded on the signal information recording
sidewall.
39.  The tilt detection method as claimed in claim 38, wherein the main beam spot
is cast to the modulated guide groove or the non-modulated guide groove, and the two
sub-beam spots are cast to the two land portions, respectively, adjacent to the
modulated guide groove or the non-modulated guide groove to which the main beam
spot is cast,

the amplitudes of signals based on the return lights of the two sub-beam spots

from the signal information recording sidewall are detected as the amplitudes of the




nodul at ed gui de groove or the non-nodul ated gui de groove to which the nmain
beam spot is cast, the anplitudes of signals based o# pRsehgdrWiphs! | ght s of
the two sub-beam spots fromthe signal information recording sidewall are
detected as the anplitudes of the 22 Decenber 2003 69 signals based on the
return lights of the two target beamépots fromthe signal information
recording sidewall, and the differential value between the detected
anplitude of a first signal, which is a signal based on the return |ight

fromthe ﬁ%lw@baéeﬁf&{@l?éké%ﬁknrﬁ § GfNfe ShdewRidt HeAmt Bfots FRBE tNd18fgRarone of
the two sub-beam spots is |located on the inner circle side of the

di sc- shapgg, %ﬁﬁﬁ%@‘%ﬁgﬁﬁeﬁmﬂt the signal information recording
, an e e e

si dewal | amplitude of a second signal, which is a signal
based on the return light from the sjgnal. inforpmatio ecor di ng si dewal |
n”the case. it ditfeeaeB ket Bifwets Fletefig By dEiin Bt et & ed on
the outer circle side of the disc-shaped recording nediumthan the signal
i nf or mat i dsigkad basedi onghe retermdight frpm the sigaaldafoametion reperdingpidesyall ipdhee
indicating the tilt quantity. 40. The tilt detection nethod as clained in
cl ai m 36, cashavheienonche! die woshhibeam spetsas docatpdnedihenmhersciente sideef tlsd de

nodul at ed gui de groove and an outer-side nodul ated gui de groove

al t er nat ediyc-ghiapud eteerdifieiheditm thiethedigiat Hifsienanoa wd:o@hﬁd% gidedsll, @deive having
the signal information recording sidewall as a sidewall on the inner

circle siggedd &Hﬁit@&é&fé&%@&ﬁﬁ?i@?&,%ﬁicﬂ% ABighdl PasddGh ﬂHE&Eﬁﬁﬁ?ﬁ fispdul at ed

gui de groove having the signal "information recording sidewall as a
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sub-beam spots is located on the outer circle side of the disc-shaped recording
medium than the signal information recording sidewall, is found as a tilt indication
value indicating the tilt quantity.

40.  The tilt detection method as claimed in claim 36, wherein the disc-shaped
recording medium has an inner-side modulated guide groove and an outer-side
modulated guide groove alternately provided thereon, the inner-side modulated guide
groove having the signal information recording sidewall as a sidewall on the inner
circle side of the disc-shaped recording medium, the outer-side modulated guide
groove having the signal information recording sidewall as a sidewall on the outer
circle side of the disc-shaped recording medium, with an area between the inner-side
modulated guide groove and the outer-side modulated guide groove being provided as
a land portion, the land portion being used as a recording area for recording the

recording data therein, and wherein address information as the signal information is

recorded on the signal information recording sidewall.




nodul at ed gui de groove and the outer-side nodul ated gui de groove bei.ng
provided as a land portion, the | and portion bei ng usede@snber206®r di ng
area for recording the recording data therein, and wherein address
information as the signal information is recorded on the si gnal
information recording sidewall. 22 De#®enber 2003 70 41. The tilt detection
nmethod as clainmed in claim40, wherein the main beam spot s cast to the
| and portion, and the two sub-beam spots are cast to the inner-side

nodul at ed4gui dghgtih@éRchRtmeiiod abcRIm&d Hectampad, 3irseis MR amreamepadi acent
to the |and portion, respectlvely, t he arrplltudes of signals based on the
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recordi ng si devva are as t es of gnal s %ased on
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anpl i tude, of a ]‘lrst Si r] which is a signal based on the return |ight
fromthe @Pﬁﬁaﬁ“’i“n’f"ﬁ?qﬁ’ﬂg‘?ﬁn recording sidewall in the case where one of
the two sub-beam spots is |ocated on the inner circle side of the

di sc- shaped r ethgrainkighdes of signaihhasetion the e lightsorfithe ivom sutebeand spugs
sidewal |, and the detected anplitude of a second signal, which is a signal
based on frhm thetsignal infightatibn eevordihe sidegnidlard ddtestedhbd e arnqﬂﬁﬁ&éisnﬁtﬁé dewal |
in the case where the other one of the two sub-beam spots is |ocated on

the out ersighdi§basedl 6 (R rétifh HoRe-ShMREMd SE&dhdath sﬁaglﬁﬂﬁltth@%lgﬂaﬁ si gnal

information recording sidewall, is found as a tilt indication value

i ndi cati ng, rﬂﬁtbhké The tilt detection nethod as clained in
cl aim 36, V\%er ern tcﬁgH éslgé\gﬁépe%

the differential value between the detected amplitude of a first signal, which is
a signal based on the return light from the signal information recording sidewall in the
case where one of the two sub-beam spots is located on the inner circle side of the
disc-shaped recording medium than the signal information recording sidewall, and the
detected amplitude of a second signal, which is a signal based on the return light from
the signal information recording sidewall in the case where the other one of the two
sub-beam spots is located on the outer circle side of the disc-shaped recording
medium than the signal information recording sidewall, is found as a tilt indication
value indicating the tilt quantity.
42.  The tilt detection method as claimed in claim 36, wherein the disc-shaped
recording medium has a guide groove and a land portion alternately provided thereon,
the guide groove having the signal information recording sidewall on one of the inner
circle side and the outer circle side of the disc-shaped recording medium, with the

guide groove and the land portion being used as recording areas for recording the




recordi ng nmedi um has a gui de groove and a | and portion alternately provided
t hereon, the guide groove having the signal informtiaopedpssardogy Si dewal
on one of the inner <circle side and the outer circle side of the

di sc-shaped recording medium with the guide groove and the |and portion
bei ng used as recording areas for recdrding the 22 Decenber 2003 71
recordi ng data therein, respectively, and wherein address infornmation as
the signal information is recorded on the signal information recording

si dewal | . re%@rdlﬂ_é"ﬁathlthéreﬁﬁetr@?édzt%bm%h@%e@én Gl adeBE thibiatibAi 2 e signlller ei n t he
mai n beam spot is cast to the QU|de groove or the land portion,” and the

two sub-b his RESERSh ey %%Pﬁqf$rﬂ-{%ﬂ8129%5f sildhe gul de_arooves,

respective y, adj acent to t I'de groove to which

t he nain nals based.on the return

[ ghts of tne ?ﬁzﬁ 1 eoERH bt o8 Tt ool 47 3TERFIR GRTRED JRARABEY di no
sidewal | are detected as the anp I|tudes of the Si nals based on the return
lights of iSt938t towtke gla%gm%%am@d@%dsmr&l@mapﬁ@eswrﬁ& bepmsppisats east Kecor di ng
sidewal |, and the differential value between the detected anplitude of a
first si gﬂ?&llaﬂd/\mrbmaGsrtheg@dgg@lovmmgemweblhaijawnumrthdz lagt poftrooror thee si gnal
information recording sidewall in the case where the main beam spot is

| ocat ed oguitibgrdoraes whichahemsindeamrspbtie cast er circle side of the

di sc-shaped recordi ng nmedi um than the signal information recording

sidewal I, and {Rends &@&%%@s@gkm&%ﬂﬁe%ﬁqm@é SHtHD B0 st¥Ib&h gt Si gnal

based on the return |ight mthe signal information recording sidewall

in the cagsmwﬁasr A b oo SRS BIA Sl 8 LRSHAARAD e ovt e

circle si o tHE T Aner Crrere s Shaped recor di ng” medi um
than the Slggar]S based fgll:l ctalrgt?lr{ ?1%%5 fn %es{v&g e\{vaget beam spots from the signal

information recording sidewall, and

the differential value between the detected -amplitude of a first signal, which is
a signal based on the return light from the signal information recording sidewall in the
case where the main beam spot is located on the inner circle side or the outer circle
side of the disc-shaped recording medium than the signal information recording
sidewall, and the detected amplitude of a second signal, which is a signal based on the
return light from the signal information recording sidewall in the case where one of
the two sub-beam spots is located on the outer circle side or the inner circle side of the

disc-shaped recording medium - than the signal information recording sidewall, is

found as a tilt indication value indicating the tilt quantity.
44.  The tilt detection method as claimed in claim 36, wherein the target value is an

arbitrary preset value.



found as a tilt indication value indicating the tilt quantity. 44. The tilt
detection nethod as clainmed in claim36, wherein the 22Dgedmbsl2003i S an
arbitrary preset value. 22 Decenber 2003 72 45. The tilt detection nethod
as claimed in claim 36, wherein the target value is a value recorded in a
control information recording area on72he di sc-shaped recording nedium
46. The tilt detection nmethod as clained in claim36, wherein a drive
signal for conpensating atilt is generated on the basis of a tilt error
si gnal ex@bess®He tf deteetiordinkfhed eniclathed/ &l ¢lainb®6, Welesheih ige faidet valadiscat i on
value and a target value for conpensation wth the tilt indication vaI ue.

47. The tihlhe delortdiiamn é&%?%f&%ﬂoﬁ'r@&ﬂdh@ abeaPbiMtE0disMERHEL RecB Og

pi ckup neans for casing a | aser beamformng a nmain beam spot
sub- beam gp@hs, on the disc-shaped recordi ng nmedi um and for recer ving the
return |ight reflected and diffracted on the surface of the disc-shaped

recording roII e tilt dlcatl n. val ue
close to £ Eﬂ]ﬁgﬁ ‘ffgfich é&r‘@}eerglpg"’n jive 31%33 Bhe tilt

det ecti on rret hod,k as c] aj rred [ n cI ar m 46 wher ein gain adjustnent in

wavef or m ERJBRITSS &l Esaesied Prothedinsiroiss ilaamas signal erpressed rastthe n 1§ ght
reflected and diffracted on the surface of the disc-shaped recording

medi um i sdidferentievabug besweent the tiltdsdisatami ahee dnidlat tarset valus foymatpe@ati@ecenber
2003 73 ABSTRACT

with the tilt indication value.

47.  The tilt detection method as claimed in claim 46, wherein optical pickup
means for casing a laser beam forming a main beam spot and two sub-beam spots on
the disc-shaped recording medium and for receiving the return light reflected and
diffracted on the surface of the disc-shaped recording medium is controlled so as to
make the tilt indication value close to the target value on the basis of the drive signal.
48.  The tilt detection method as claimed in claim 46, wherein gain adjustment in
waveform equalization processing on an RF signal based on the return light reflected
and diffracted on the surface of the disc-shaped recording medium is carried out on

the basis of the tilt error signal.




An optical disc reproducing device 10 has an optical pickup 11 for reading
out digital data recorded on an optical disc, an anpbkgtDsdembet®oiEi on
Circuit 18 for detecting the anplitude of a wobble conponent signal passed
by a band pass filter 14, and a tilt detection, target value setting and
drive signal generation circuit 23 for carrying out detection of the tilt
quantity. In the optical disc reproducing device 10, a |aser beam is cast
by the optical pickup 11 onto an optbgal disc having a recording area with
its one sidewall wobbled in a predeterm ned cycle, then the anplitude of

each wobbl e conponent signal baﬁsﬁﬁ@teturn light in the case where the
| aser beamis located on the in side or the outer circle side on

the optical disc than the wobbled portion is detected by the anplitude
detection circuit 18, and the differential value of the anplitude of the
respective wobbl e conponent signals is found as a tilt indication value by
tC ih(racL : |t t Zg ?Aaaqjt'mal disargptodvaingadesdtd 10hagsad opticxepizkapall faenaidaid o
digital data recorded on an optical disc, an amplitude detection circuit 18 for detecting
the amplitude of a wobble component signal passed by a band pass filter 14, and a tilt
detection, target value setting and drive signal generation circuit 23 for carrying out
detection of the tilt quantity. In the optical disc reproducing device 10, a laser beam
is cast by the optical pickup 11 onto an optical disc having a recording area with its
one sidewall wobbled in a predetermined cycle, then the amplitude of each wobble
component signal based bn a return light in the case where the laser beam is located
on the inner circle side or the outer circle side on the optical disc than the wobbled
portion is detected by the amplitude detection circuit 18, and the differential value of

the amplitude of the respective wobble component signals is found as a tilt indication

value by the tilt detection, target value setting and drive signal generation circuit 23




