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s 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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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
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Disclosure of the Invention

In view of the foregoing status of the art, it is an object of the present invention
to provide a recording medium driving device and a tilt detection method which can
solve the problem of the tilt detection system of the conventional optical disc drive
device and detect the tilt quantity from a signal obtained from the optical pickup
quickly and with high accuracy.

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;
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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
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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
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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
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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
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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
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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
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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 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; 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



5c recordi ng nedium based on a sensing signal obtained by sensing the
position of the objective |lens of the optical pickup neaRsembérdropgespect to
the recording area on the disc-shaped recording nmedi um discrimnating
that the objective lens is |ocated near the center in the direction of

wi dth of the recording area on the disg-shaped recording nmediumon the
basis of a detection signal indicating the position of the objective |ens,
and generating a gate pulse; and closing switch nmeans based on the gate

pul se so a et e he | i f i an. d on.t rn |ight
fromthe 5?38%1(§It°?l}1 rc??(t%i%l} %a?ﬁe%%%%ﬁﬁgteg’%év@h?& Hqﬁgﬁh%gﬁslﬁgp%%ﬁégfl ion

met hod accordjng to another alternative aspect of the resent invention
conpri ses(ffisﬁ"elbéqq'%rf%mﬁ‘f’.g t@%&ﬁlfh 3| spob and, B o St~ & Qféma'p@]a discor di ng
medi um in which signal information that can be discrimnated from

r ecor di ng sheed reoprding gcdEun o o eccsivIBDUR repaielt Felssiedand diedAgnar ea
having the recording data recorded thereon, and receiving a return |ight
ref | ect ed tlensurthick fafabe elisc-shapal sgofdiee neflinhés driser shipetangeptles i nedi um
detecting an anplitude of a signal based on a return light froma signal

i nformat i QRartRg Pasidneh 8ideaidnal WY &dinpesaingSd HRWakdd Hauitigeirbesishanal
informati on recorded thereon; and detecting a tilt quantity on the basis
of the a i : i - en YRR £ i based
on ther rer}[g E?ﬁﬁk%@lﬁgaﬁ{a ﬁ?%%@?@?%ﬁﬁ&?ﬁ%ﬂﬁgﬁ%ﬁ% ecordi ﬁghgfag%ﬂ/a@ﬂuei n the
case wher the | aser beamis |located.on the inner circle si of _t.he

i sc- snapder (bsedtig WERRsnrct RIR RRGSBelRS A Grfutelsfed uiie ds ot
sidewal | or a signal based on the return light fromgthe signal jinformation
recor di ng Pasede Rl the j it (Rdicatipne valver Bus u‘lléasaéfl B idascripgpatioaysighalt he
outer circle side of the disc-shaped recordi ng nediumthan the signal

i nf or mat i dndicasingradiesvdt of thiediatrimingtion aftha ddiazistécion eapabilitvf a nmaxi num val ue
of the 22 Decenber 2003




5d anplitude of the signal based on the return light fromthe signal.
information recording sidewall in the case where thez) psesmbsaiipss | ocat ed
on the inner circle side of the disc-shaped recording mediumthan the
signal information recording sidewall and a maxi mum value of the anplitude
of 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-shapedrecording nediumthan the signal
information recording sidewall, one maxi mumvalue is nmade coincident with

t he ot her Xj,mu val ue. Moreqver, recordin di um drivin evi ce
hecording 1B Bt défraiopmenod acasdae 16 bE RS 1LY e, 2dasks ear
rotationally driving a disc-shaped recording nmedium having a signal

i nf or nfisrinsd by eondimbeam dgwhliand dwonklitcheamgpals isneast wate dhe disershapad be
discrimnated fromrecording data is recorded, and recordi ng and/ or

r epr odigebiding Ghedinal, addtthe tit ?mﬂ/_iiqi_is‘ deterfed ®ntths GasRaate aaghitddeof gedi um
The device conprises: optical pickup neans for casting a | aser beam f or ned

el ur B TPeL o R rerSar gt St eREA T AR R S Int Rin bpamRR AR g © O

surface of the disc-shaped recording.nmedium, anplitude detection neans for
det ectﬁ'«WgI’%ﬁnéﬁ’BF% 7B Uy Signal GHaTMBIcR s ORIRERIHT | ght 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 anplitude of the signal detected by the anplitude

det eCtBﬁ@fDEg@ﬂ?ﬁoﬁ@fg]% Dyalitfpsset ting neans for setting a target value for
conpensation with respect toa tilt indication value; data discrimnation

reans O e R Pyl G R DA i i 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.



5e t-he surface of the disc-shaped recording nmedium and discrimnating data
detection capability with respect to the recordi ng dat @ec@fberdiooge Si gna
generation nmeans 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 conpensation with
respect to the tilt indication value, wherein the drive signal generation
means controls and drives the optical; pi ckup means while changing the tilt
guantity on the basis of the drive signal; the tilt detection means finds
the tilt imdicat, : ' s & j ntity;
and t he taﬁggfpgﬁ*§§”k§gt ?ﬁgﬂﬁggﬁgﬁg%?g“?ﬁ29?§?§2%a5gpJgggﬁﬁ?ﬁﬂfﬂg is of
the tiJt.indication value found by the tilt detection neans and a data

di scri%nVHdti on signal indicating the result of the discrinination of the
data detection capability by the data discrimnation neans. Furthernore, a
tilt detectFig ilhshatesdbe arwinggmest ohe maipdeanpspatiaadssudsbeam spateent i on
conprises the steps of. casting a | aser beam formed by a main beam spot

and two sulripeiihipatée LsiirpHng nsahod fped wobbls domgonedt signilevi ng a si gnal
information recording sidewall on which signal information that can be

di scrim natﬁg 9 Ilfﬁ?aﬁfEﬂjs@%ﬁg@léﬂ%ﬁ%ﬁﬁé}ﬁ%e receiving a return

|l i ght refl ecPéd an racte ace of the disc-shaped recording

medi um det.ect] an anplitude of si gnal, . .hased. on a . return Light.. of two
target bea ‘gpicd] gl,us ?qsﬁheﬁéiaﬁoﬁé‘&iﬁ”g%g V&?kpq‘?\%m%pﬁégﬂaiﬁafléﬁc %lpom t he
signal information recording sidewall; and detecting a tilt quantity on

t he bapiantivy, sches terpkplainlthaofesuleofdenmputationitgrfingd théhehatantegistigrafetheval ue
for conpensation with respect to a tilt indication value is set, wherein

the ragepblientd ﬁentisﬁ%rﬁﬂﬁﬁ &t eqbefwheneaniastr bégnds chasadoan dpical diser n
light reflected and diffracted on the surface of the disc-shaped recording

medi ug, A0Ghe (Rl BaiSyeR I ARRGEAPAR kid ¥ndablirReicDEE & st dar8123d 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.



5f respect to the recording data is discrimnated, and optical pickup neans
for casting a |aser beamformng the main beam spot apehetHiEndrpguUb- beam
spots on the disc- shaped recording nediumand for receiving the return
light reflected and diffracted on the surface of the disc-shaped recording
mediumis driven while changing the tilt quantity based on a drive signa
for conpensating a tilt based on a tilt error signal expressed as a
differential value between the tilt gndication val ue and the target val ue
for conpensation with respect to the tilt indication value, and the target

val ue i s set, S n.the tilt indication,value thus fouynd and. a data
di scrim naﬁ%‘%‘rﬁ?‘ glg'éﬁ?rat‘?sn ecéffiaﬁge‘gepéé’glat bgam ﬁBOGiSé)C i ﬂf)n%?fﬁq?)w %t he
data detection capability. 22 Decenber 2003 6 |In the tilt detection nethod
accor dirraggemenh efpthesbeam | spotrini tha, casel where bedgnaloindeumaijon raeeidingam spot
and two sub-beam spots is cast onto the disc-shaped recording nedium and

the t isidevilR i Idcitedsorledahedciecle sife Sfthiesopafcal Hizcahm atlaste bebna  si gnal
based on a return light of two target beam'spots, of the main beam spot and

two sub-b : ' L i C L i Bri ef
Descri pti o%ag]fﬁ%?ﬁt%&m%ﬁs Ef‘éhg%gn{a%%%g% tghgg 8?5 é\% g%vr}ghgkvéi ﬁigpgﬂrlle opti cal
disc applied to optical disc .reproducing device, an _.enbodi nent of the
pr esefIIaANgEHIAL d%n tl?og%?ént%méxlﬂl then qsﬁeW%Qfeaf‘eSIS?a a‘qafgﬁﬂf'ﬂ?%(f\?ﬁoﬁ%t rate
on which a ?roove portion having wobble on its one side and a |and part
are alsidawall & lpcptedvonithe. owteneizcle sidmokthel epticabdiscthanadnssiibegnan opti cal
disc applied to the optical disc reproducing device, so as to explain the

state of arFipnisas AitldENdiagedh IsRoiRs tHeatAichie oghhe bpcaltdiss @produdnge
porti on and wobbl ed groove portion are alternately provided.

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



Fig.3 illustrates the arrangenent of beam spots. Fig.4 illustrates the
result of nunerical conputation to find a change in i | Inat ribution
"of a laser beamdue to atilt. Fig.5 illustrates the ?%F%?%%%aﬁg¥§een a
wobbl e conponent signal and the tilt quantity, so as to explain the result
of nunerical conputation to find the characteristic of a wobble conponent
signal in the case where a |l aser beamis cast onto an optical disc while
the tilt quantity is actually changed. 22 December 2003 7 Fig.6 is a block
di agram show ngt he structure of the optical disc reproducing device. Fig.7

il lustrates t rra of ,.a Ln beam spot . and_subr,beam spots... Fig.8
11 o tige dand L ShrRESTE the Gbrige B0 BErE I B Aane ATV Gate
illustrates a cause of an inbal ance phenonenon. Fig.10 illustrates the

r el at iconwibdelhaggroavepontien Eohpeimgren ¥ emglsidha sigral tinfarmadieantgaoydingo as to
explain the result of conputation to find the characteristic of the wobble

conponrgddwail §¥iehat iimwbbble@la@epx\dnediﬂ% adirseinfonamios, which ioFM-naodulpteidc al
disc while the tilt quantity is changed, and the characteristic of a

Showi Ao gRCAcY TSt R BERAT nfOpARAn, abd 4 leh? FIHIBHILERS MY e o
oxpl aITHOVIESs £y Bishaith BRBSS GOEs (10 TR ROt GrBVaEeTebon and
a land portion are alternately provided. Fig.12 is an explanatory view
showi 11, dn.0Btizcal, thikseonspitiiieg atrocending preac al haippidcal rdisg S ngﬁ@ﬁi ce, soO
as to explain the state of a groove substrate on which a straight

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



groove portion and a wobbl ed groove portion are alternately provided.
Fig.13 is an explanatory view showi ng an optical di scoapaléfgetoshe
optical disc reproducing device, so as to explain the state of a | and
substrate on which a groove portion as an inner-side nodul ated gui de
groove and a groove portion as an outer-side nodul ated gui de groove are
alternately provided. 22 Decenber 2003 8 Fig.14A illustrates the
arrangenent of a beam spot, so as towexpl ain the arrangenent of the beam
spot in the case where a signal information recording sidewall is |ocated
on the inner circle,side of .the optjcal. disc than a J.aser heam Fig.14B
"1 usrban dish i, dndht f B alsntpton, abadeinaiSpguth B apot 53
arrangenent of the beam spot in the case where a signal information

r ecor di mfersildewalaltrack T peadedrack irteadiatetovitlcthespet gﬂ; tsaefdrredhas apaackal di sc
than a | aser beam Fig.15 is a block diagram show ng the structure of the
opt i C&[‘B’Cﬁzﬁéhﬁﬁﬁys cing device. Best Mdde for Carrying Qut the Invention
Preferred enbodi nenfs of the present invention will now be described in
detail wth.r | ' ' - rdi ng
redt um r ViR YRUTIEE sl it NP Bamel Pl dH D (RIDEN AR i HBIGRER "D,
optical, djsc, reprodyci ng device for_reproducing digital data from an

opt i céllsﬁlbé%l,oﬂﬂ#‘gﬁtiﬁ%ef cAMs@ustRdEH- r ecor di ng medi um having digital data
recorded thereon such as a CD (conpact disc), DVD (digital versatile disc
or digital Inithewast sdiere the syt O cast Oh she optiealadisamenainadbngastovitooutt i on) .
First, the principle with respect to the tilt detection nethod using this
opt i cadeifly SAfIGEMERBGT D Elt, deMi 3¢ iMithé dase detdieithedilt 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



Optical discs preferred for the present invention have a recording area in
which a groove as a guide groove having wobbl e on itgzi’%%erﬁi) dO?
provi ded, as shown in 22 Decenber 2003 9 Figs.1l and 2. Specifically, the
optical disc shown in Fig.1 has a | and/ groove substrate on which a groove
portion G .having on its one side a signal information recording sidewall
Wthat is wobbled by providing address information, which is FM nodul at ed
(frequency-nodul ated) signal informajjon, and a land portion L are
alternately provided, and on which these groove portions G and | and

porti gﬂfoﬂnaﬁﬁh%%ﬂqﬁﬁﬂg all W n-B'?g}oviHQcT I?—S higﬁner 1M t?)@’&%& {ifler O hed
recording area. e I cal di'sc shown 1 n Fig. I's conformable to the
so-cal.l ed data 2 format and has an infermttent wobhbl e .. substrai.e on
whi ch 8SSt beATBE TBALY SSh: S SepLREIEs Fiire MBRTPRLIEE 8% el dove
havi ng no wobbl e, and a wobbl ed groove portion W5 which is a nodu] at ed
gui de qranbivy inefeesase dTherefared thebiedurplight reflegtéthand glitfracted dothe disdes a
signal information recording sidewall Wthat is wobbl ed by providing

addr esyrfak o8 ﬁ@%&ﬁﬁﬂétri&%ﬂﬂﬁé‘hﬁbﬁﬁr ahnchfherifrengiies Ty 80 K I0f tivd ftuiml$gliict to a
standard linear velocity, are al fer nat el y Pprovi de(f, and on which the

i ndi vi I } tJ j i . bl ed groove portion W5
corr estggﬁld%]%g gﬁf%ﬁ%@'ﬁg&@;g ¥indét§%lg %%llggvalfr%pdescri ption, the
intermtte bbl e substratfe shown .in Fig,.2 ,is used. Al sq, Lnh the

f ol | owi ng %éﬁ?ﬁmﬁ R Cash OBéﬁﬁPEBe%VW I§c fﬂhlélgha%%t%@ﬂﬁ%@ﬁégwg%f%aﬂat@noove
portion W is located on the inner circle side of the optical disc than a

| aser rebemtingrsidewnllofViasait f§ dkiwgnasdt byhowilt, the imepsibedlistsibagion spot SA,
and a beam spot in the case where the wobbl ed groove portion Wsis |ocated
on t hes9wi@etisédl ittt @8ck Th, ihhRe 9pdial dlrediios of hAe ogtilcﬂls@iscpﬂﬁmghsnditef erred
to as a'spot SB, as shown in Fig.3. Both of these beam spots are Gaussi an

beans Giuch UL ihfifkdty oPiROEsEY bdhst LdsPYhiPe' 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



22 Decenber 2003 10 Gaussian distribution. In the follow ng description, a
track irradiated with the spot SA is referred to as nd a
track irradiated with the spot SBis referred as a trg%yeégﬂé?g@r?gﬁ
necessary. Fig.4 shows the result of numerical conputation to find a change
in the intensity distribution of the |aser beamdue to a tilt. In the case
where the spot SB cast on the optical disc is normally cast w thout being
i nfluenced by a tilt, that is, in't case where the tilt quantity is "0?",
the intensity distribution is symretrical at the center position of the
track J. in the radi.al i rection of optical .disc, as shown by.a solid
[ e limiatiy gs pDlained ahsngspioiemeAbiTE BALHSS itprotidy SRt it od on
the disc surface is symmetrical at the center position of the track TB in
t he r &l signdl informetionfrecdrdingpsidewhlldVsc. On the other hand, if the spot SB
cast on the optical disc is inclined toward the signal information

recording $f desale PWtfiﬁ%%ﬂﬁﬁ%éH oft the adhlitade iodnhe sRrnaPbhsirl 8Rehe aétudi
i nfluenced by a tilt, the infensity distribution is as shown by a broken

uner o 055 of s Saef SRR M finat Bfoielyt LedofdleSigap il Win doPotdifckd™C.

or "1.2?"  the intensjty djsfiribution is trical on the tra TB in

t he réf%lﬂhfhedﬁF queRtdy GF Wﬁbgtﬁﬁqf’&%ﬂm@it §t&na§§@5§w@wﬂﬁe as GreEn Yav ne

C0. 6B or the chain-dotted line CI.2B in Fig.4. The intensity of the |aser
beam andstcuweplotings¢hmmgos of Hee amphitude ofihersignal dased oalthe métorndighd n
recording sidewall W is provided is lower than in the case where the |aser
beam iog t$pBRIY rcin She signal ihﬂﬂma!tiame&bﬂcun[%ﬁd&wnwaﬁracb&aiﬁn@@ﬁxitmmo the
side of the track TB whére the signal 22 cenber 2003 11

tilt quantity (i.e, wobble component signal SIG;) is referred to as a curve Cy, there is

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



i nformation recording sidewall Wis not provided is higher than in the case
Wwhere the laser beamis normally cast. Such tendency;deeolmRSer RS
outstanding as the tilt quantity increases. Therefore, the return |ight
reflected and diffracted on the disc surface is asymmetrical on the track
TB, and the intensities 10.6B, 11.2B of the return light fromthe signal

I nformation recording sidewall Walso differ. If the spot SA cast on the
optical disc is inclined toward the g gnal information recording sidewall
Was it is influenced by a tilt, the intensity distribution is

asynmet.ri c e LN : [ |1 ' t tiGal. .di sc,
thoughé]lgﬁ%t %tsﬁg\%nwﬁ’%%q%tcéﬁg%@&&%? n{cﬁg ?gsgjrr g@%&nﬂ%agﬁt on? Ig'?l'? tﬁ)éﬁgilgge of
the track TA re the , sigpal information recordin idewal | Wis provided
i s hi giEverHian Comersioa) e signal putpusled o pggﬁ%rmakml@a%ﬁéwand t he
intensity of the | aser beam cast onto the side of the track TA where the
si gnalcitafibil fdor anusiEgptht nptisaldeiekip W ics camry qutdvackémg ise asl wkeep ban i n
the case where the | aser beamis normally cast. Therefore, the return

li ght gist At Bidtane b MRCEMFcANdiSOand fff SotittGilifig! the ADYAGH Al Grddingn the
track TA, and the intensities of the return light “fromthe signal

namor e AL SR b Rrcr shwRR » g Pl PCYE Ay Bl oo,

return | iaght fromt Ee signal information recording,sidewall Win the case
wher e Signaladp desHpd fequeRey eRmBORG; » POLLautpyt deteGion eireb 1S as PogitigAtity i s
actually changed. In this case, a wobbl e conponent signal, which is the

si gnalddtectésh oreamkdor deteating lthe positioanoft dre objaptavde lens @6 rmith sespeet to @i ng
sidewall Win accordance with the 22 Decenber 2003 12 tilt quantity, is

obt ai nestBfAhE epiedl @it b HePbdsa¢I oF l@S%téaicm QigHaP B alpNiii8R Gehsingt he

signal information recordi ng sidewal
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




If a curve plotting changes of the anplitude of the signal based on the
return light of the spot SA fromthe S|gnal i nf or mat si dewal
Win accordance wth the tilt quantity (i.e, wobble gggﬁ%ﬁ@ﬁ%qugnal SI GA)
is referred to as a curve CA, and a curve plotting changes of the
anplitude of the signal based on the return light of the spot S. fromthe
signal information recording sidewall Win accordance with the tilt
quantity (i.e, wobble conponent signal SIGB) is referred to as a curve CB,
there is presented such tendency that both the anplitude of t he wobbl e

conponent ,sj gnal nd the a i.tude of.th bl e, cor, ent i nal
SI GB étl@uab’égﬁaéma Jrcrinunatt o "E%tﬁ?t Wr%m 5@%@?.8 al 4pg tilt
gquantity of "0?", as shown in Fig.5. If a gnal ressed as the

di ff erfwmahbequelmrmanmbmnnmhpgmhmdatau@ﬁmtlosl c@pa Hiy: atlt desdsbioa,
conponent signal SIGB is referred to as a tilt detection signal SIGI, the

|'i neararghanned itlif Iaﬁd\@rivlalsgxm 'eRAemtin dbeuit 23 As Tt deteotieh MansTorS ?
about a ilt quanti can be provided, as indicated by a curve C. .

The | & Hg 8@3%?}3(40?18%%%{%3 e a]}aﬂtﬂg PR a%) a il ﬁP}tsfetﬂ'taﬂt 5% for

repro C|ng as an eﬁbo | 2l present

i nvention is adapted etecting and atin tilt _quantjty by
usi ng C%%ﬁgaoehépa&rp rtPs RS s agiyaiRT ﬁangféﬁ%,ont%é d’d?‘i“&éll]d%% thé
reproduci ng device 10 includes: an optical pickup 11 as optical pickup
means dompersationgiohe tihi gi t al data recorded on an optical 22 Decenber 2003
13 disc, not shown; an IV conversion circuit 12 for carrying out

current-volTigge tl@iqup'i@hﬁi oD Hak Yhé BBjexivEdBs 95 fhheofiamahg aUapeit be&gn f rom
t he opti cal pIC 1, a servo circuit 13 for cau5|ng t he optical pickup
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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
emttting a Jaser beam, a prism 29 for transmitting the laser beam emitted 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



operation of a spindle notor, not shown; a band pass filter (BPF) 14 for

passing a signal of a desired frequency conponent; aszQCQHB&%Oget ection
‘circuit 15 as position detection means for detecting t position of an

objective lens 25 with respect to a track on the optical disc on the basis
of a detection signal froma position sensing detector (PSD) 27, which is
a sensor provided in the optical pickup 11; a gate pulse <circuit 16 as
gate pul se generation nmeans for genejating a gate pulse on the basis of

t he detection -S|gnal fromthe PSD output detection circuit 15; a switch 17

gener stcaning Eps) Bin SRR B ERE 1En 28 A RRsdeRf o Rl Bh hEBpHRARIRELTT 1o

as anpl.itude detectlon neans _for detecting the_anplitude of the wobble
corponkhe P§$I§ﬁalselﬂﬁi§géﬁteﬁwfﬂﬁéuﬁﬁﬁ&aﬁéwtmﬂlsl%}al tothe P12 pytut getectioni nat i on

circuit 19 for discrimnating whether the wobble conponent signal passed
by t hecibanit 15ashidh wilk be Héscgbdibkaest. on the return light fromthe track TA
or based on the return light fromthe track TB; an address detection

circuit 20 TRE 1264t ARk 29 lﬁ@dafi @Cémﬁﬁngfs%cﬁeﬁrlﬁﬁae rcﬁcqro@e&a%ﬁ%reh%

optical disc fromthe wobb e onent stgnal passed by the band pass

vaver it isqAFS R Tp b Sﬂ%“@ e

inputted fromthe IV conversion circuit 12; a data discrimnation 22
Decenbdiodgdifabacomes ingident on the pHSI2%i scri ni nati on neans for extracting
data fromthe signal inputted fromthe equal izer 21 and discrimnating the
data det ect Tha peiapsel® trahsmitatlia laserdedage tihich is ensittigdtfromithelsset diodg 28nd
drive signal generation circuit 23 as tilt detection neans for carrying

cut SeASELAR AL, STt O e kol MRt TP AP 24
for t hﬁle nerTxPEB 35 | Or]ly ICﬂteQFS thé rdtumn 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,



The .optical pickup 11 has the objective lens 25 for condensing a | aser beam
froma | aser diode 28, the actuator 26 for driving th§2ggggﬁ%gg%05ens 25 by
an electromagnetic force, the position sensing detector or sensing the
position of the objective lens 25 with respect to a track on the optical
disc, the laser diode (LD) 28 for emtting a |aser beam a prism29 for
transmtting the | aser beamenmtted fromthe |laser diode 28 and for
internally reflecting a return Iight1 efl ected and diffracted on the
optical disc surface, and a photodi ode (PD) 30 for receiving the return

| i ght whi [ flected and diffracted t tical di. f d
maco. {(REPCRES BB SPAE [ OBHEBG ! sBpua: PO Hosh B 4RERAERSCE 1 ne

| aser beam fromthe | aser diode 28 and casts it onto the optical disc, not
shown ligitie reftected and dfraeiedondbe optisalndige serfaeri as shown inkig.dr ikhesubhe
objective lens 25 by an electromagnetic force so as to cause the objective

l'ens Aean shoRCES 2SS AedakEBntoPtivl $trAphDBrddve peiticiaBGdos the nasbtdiedwn. The
position senhsing detéctor 27 is a sensOr attached to the actuator 26 for 22

Decent - g _ . . .
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out puts a detectiogn signal tq. the, PSD output .d ti i Lt .1 whi ch
i 1 1 pighls s Becnaca Spoin SSacss: i dand il din B orb Dser on
made of, for exanple, a seniconductor |laser, to emt a |aser beam_ The

| aser swefaveenie ueeld fiovriradke disssisninationi ofdthegnaiacbeass spati Bentheotracke prism

29. The prism?29 transmts the | aser beamwhich is emtted fromthe |aser
di ode F8crimishtimoeircwiendent thereon, and radiates the | aser beamto the

objective lens 25. Al so,

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



the prism29 internally reflects the return Iight which is reflected.and
diffracted on the optical disc surface and nmade i nci demeckhBeetyns and
radiates the return light to the photodi ode 30. The photodi ode 30 has a
phot odet ect or and a photoel ectric conversion section. The photodi ode 30
receives the return light which is reflected and diffracted on the optical
di sc surface and nade incident thereon by the prism 29, then converts the
return light into an electric signal l7and outputs the electric signal to
the IV conversion circuit 12 on the subsequent stage. In the optical

pi ckupmddresshdetectims tirtuit @3, oxf the dubsequditamgesi tted fromthe laser diode 28
is cast onto the optical disc, not shown, and the return light reflected

and diffr > j i : ing out
i'gital da o ESERoic Betechigh, it ESULAER (e SRRy 8F the SHRcliPafe

optic i.ckup 11 al so has an tical, .system for,. i rgcii ce, casting two
o0br bezsaffapady® oAk BRARE opfRaRY Suctls Sasts DR BElasEiPn S8R 5
(spot SB) as a main beam spot to_ the optical disc, not shown, and receiving
t he r esupphiedifremttbe pesitiontssasmgdedeetpr ddt ddedtSPrutpek dejection stceiidpace, as
shown in Fig.7. The sub- beam spots SS1, SS2 are cast onto the straight

gr ooveoputd e &edtior bignabbidiesting tlovesuliosf detbctién iofl the posiRmCeS thiet h t he
position of the main beamspot. The return |I|ights of the sub-beam spots

SS1, iebfils fblsess ﬁi‘%ﬂrefga‘;t]é bﬁ&%‘?ﬁ{)cﬁ'f't 1d'6n ?l@%%/@lf’%?g%ﬁtcstﬁéé” face are used for

track di'scrimnatio e’ mal n beam spot track® 'di scrimnation
circuit 19...The
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conversion circuit 12 outputs the signal as .a result of conversion to the
ser vo $ignalfiromiBe R5dD Oh@Ubdﬁ@Cﬁ99§imHitt1§r Specificadbye 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



subsequent stages. The IV conversion circuit 12 also outputs the RF signal

as a result of conversion to the equalizer 21 on the t age. The
servo circuit 13 carries out focusing and driving of ?Eéﬂggﬁ‘?%oo@i ckup 11
so as to keep a constant distance fromthe optical disc and controls the
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 component and other noise conponents and
passes a signal of a desired frequenfy conponent so as to take out the
wobbl e conponent signal fromthe wobbl ed groove portion W5 of the signal
suppl istage. from the 1V conversion circuit 12. The wobbl e conponent si gnal
passed by the band pass filter 14 is supplied to the switch 17, the track
di scri m natFhen teicke diiscritAinanidnt birc2iz D6 cdidoeimi?@03 IWhethedribss wadibdet i on
circuit 20 on the subsequent stages. The PSD out put detection circuit 15
det ec i ol t j I ; ; ] ¢ rack on
%;ﬁcé‘q%eggéfghggﬁ%%fgdg;ghe tyaﬁe :ﬁﬁg@glt%f‘ 34 i¢Da¥éd BntRE PRI light fonk

t he opt I's O etection signal supplied fromthe
positipn, sepsing, detector 27. The PSD output detectio i Pt 1 ut puts
Phe ddiecaeht oS AhaY eassnPa P bt Do Gof ihs PREL I B b on o
the objective lens 25 to the gate pulse circuit 16 on the subsequent

st age trapkel ghke thu$pd S rcuit 16 generates a gate pul se on the basis of the
detection signal fromthe PSD output detection circuit 15. Specifically,

the gate pEpseifidallgyitic tifck distrimbtatonecigafiicl Pedrsies bat trhds discheigaiiooch 17 on
t he subsequent stage when it is discrimnated that the objective |lens 25
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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,Slich Ml]%d&s@i}ﬂ)@d atdCandihp compensaositiiclewefinge a
signal obtained by filtering this signal through the band
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



pass, filter 14 has an anplitude val ue of approximately "0". Thus, the track
discrimnation circuit 19 can discrimnate whether the,pRLO,D pgpot is
the spot SA or the spot SB, by conparing the signals obtalne y filtering
the signals based on the return lights of the sub-beam spots SS1, SS2

t hrough the band pass filter 14. The track discrimnation circuit 19
supplies a track discrimnation signal indicating the result of track
discrimnation to the tilt detectioqx)target val ue setting and drive
signal generation circuit 23 on the ‘Subsequent stage. 22 Decenber 2003 19

The address detection circuit 20 extr.acts, and detects.the dress .recorded
on t e RIFOMBISTHPB N ThiEREEHOS HirBoienen Yyt BgibE Rt dang
pass filter 14. The equalizer 21 is supplied with the RF signal fromthe

| V conilergmiantityci ridioreover2 thentiltodetection, Varget vaine gating and gy 6ignMdi ng f or
the correction of a jitter error of the RF signal or the like. The

equal i gf?ﬂéra?i%n%‘i‘ﬂcﬁﬁtﬂ gdiferatel b deielshnaddst drivingahe tiltdriverdimuis2gnehichupp! i ed
fromthe tilt detection, target value setting and drive signal generation
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The data discrimnation circuit 22 extracts data fromthe signal inputted

from vahee.eqhaltilt detetionnrgtsealiersettingsanchdrivatsignadigeserasionceipatt B3ty such
as the jitter error. The data discrimnation circuit 22 supplies a data
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detect capability to the tiTt detection, target value setting and drive
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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



detects the tilt quantity on the basis of the anplitude detection signal of

the wobble conponent signal supplied fromthe anplityd j circuit
18, the track discrimnation signal supplied fromthe Pﬁgﬁsﬁégg?’i m nati on

circuit 19, and the data discrimnation signal supplied fromthe data
discrimnation circuit 22. The tilt detection, target val ue setting and
drive signal generation circuit 23 also sets a target 22 Decenber 2003 20
val ue for conpensation with respect 210 a tilt indication value indicating
the detected tilt quantity. Moreover, the tilt detection, target val ue

settl %h?é‘glog%f' fbetl'Jl%'t;%?ét ta@@NeAREi O circuit 23 generates a drive signal

for driving the ti driveTcircuit 24, which wll be described |ater, for

conpensat i he t.ilt.0on the basis;of a/tilt rar._si,gnal. _expre as the
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value. The tilt detection, target value setting and drive signal generation
ci r cuivalzrecerdssl orea conteoldrmckasacantial iglormation geegrding anga ofHaoptieal 21 and
supplies the generated drive signal to the tilt drive circuit 24 on the

subs eq‘_lj@mina?ttmg@edﬁsethé itdrigetivalue, tiertarget vakiegmmenlss bs sat bythia follevipgal on
the basis of the drive signal supplied fromthe tilt detection, target

val ue ﬁ@ﬂ]ﬁé)g% tﬁ@‘i‘nﬁfai gﬁ?%itiggﬁ% &ﬁﬁ?ﬁ%?@*‘?ﬁé&ﬁ“ 23, and drives the

act uat or of the opt Irection of conpensating
the tilt. I.n.the tigcal _dis¢ repr,oduci.ng vi.ce t hus .const.i tut.ed, the
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the track TA |ike the above-described spot SA and the wobbl e conponent

si gnalthsidriye signalegeneietedrinr the tilh defeption, tasget yaue settinghend driversigaad T8

| i ke the spot SB are sanpled, and the tilt indication value expressed as
t he dideherstidn arcnialBés heiplizeinotthe tilodtive cironjt@deand tiss getahtoBl26%0f thet he

case where the |aser beamis cast onto the track TA and the wobbl 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



conponent signal SIGB, in the case where the |aser beamis cast onto the
track T. is found by the tilt detection, target valu i ? drive
signal generation circuit 23. Then, the optical pickg%f%&&#@gé%ﬁ rol | ed
and driven so as to nmake the tilt indication 22 Decenber 2003 21 val ue
closer to the preset target value. In the optical disc reproducing device
10, though a preset arbitrary value or a value recorded on a control track
as a control information recording a of the optical disc nay be used as
the target value, the target value can also be set by the follow ng nethod

as the initial operation in,lpoading the optical disc..In th tjc di sc
epr ocuebs GEviEnt oiznat Sl et WheBHbA dSr Dot iscart e dht HERK oy ve
signal generated by the tilt detection, target value setting and drive

si gnalT, gaddghatwobbleicompanenBsignak §Hpy, inethe easehwherel thedaseydeam éusast24, and
the actuator 26 of the optical pickup 11 is driven under the control of

the tidrdtohd ¥ecleT,CThe sZhplifii neethbe whill now bridescribyd watloRéareade tolFigr8. i n t he
optical disc reproducing device 10, the tilt indication value

correspondipy I 1“&61%%5&91613@5} r%h@ct%hlélhdodiﬂ?ﬁét%ﬁ onSthE aPdiskRErfakh

t
det ecti on, tg%rge%’v ue set®ing an rrve signal generation circuit 23,
and the corre| ation pe n the tilt.indication value thus foun nd the
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the data discrimnation circuit 22 is neasured. The tilt indication value
t hat rdompduey signal dhangae tay; tas dhe eptienl pickupell isduven.t Bhey &t indigagion | n
this manner, in the optical disc reproducing device 10, an optinmmtarget
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i ndi cation value and the data detection error. Also, in the optical disc
repr odpe L AVt Sniy dul REHRGEHLRAY Of tHetfit HEEIF 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



i ndication value can be inproved by using the follow ng nethod in sanpling
the 22 Decenber 2003 22 wobbl e conponent signal SIG p2pacéhiBerctpg Where
the | aser beamis cast onto the track TA and the wobbl e conponent signal
SIGB in the case where the |aser beamis cast onto the track TB. The
sanmpling method will now be described with reference to Fig.8. In general,
the return light reflected and diffracted on the optical disc surface
shifts on the photodi ode 30 as the opmical pickup 11 is driven. Therefore,
t he wobbl e conponent signal changes, too, as the optical pickup 11 is
driveggmgﬂﬁkh{&ﬁcﬁ@qbpatipn value found by the tilt detection, target

val ue Setting and drive signal generation circuit 23 changes not only due

to the infl the tilt itself but.al t i v th
ot by S TheBch i hbe o a1 AL BubMRyf kR o
wobbl e conponent signal near the center (zero point) of the tracﬁ on the
opt i calonaperentsignad inpuited byntbius conwollngand cesips fesswidehyhars ddsctgdbyr ge

anplitude and is sharp because of little influence of noise or the like
and wihe aniplitilie deteeliongirehittiBeandyaidusiypes efinf@omatiomars sdppliedtd the
driving, within the range of driving of the optical pickup 11 on the
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objectjve.lens.25 with.respect to the track on the optical disc is

det ectciéacrwllﬂﬁéolb%c%tlgut detection circuit 15. Then, in the optical disc
reproduci ng device 10, the range for the objective lens 25 to be | ocated
near the cetthe optisabdisereprpdming deviceddy seeh prscsyngdnragiedoutdoptheset  as
a threshold | evel, and when the objective lens 25 is |ocated within the
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generated by the gate pul se 22 Decenber 2003

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



23 generation circuit 16. Then, in the optical disc reproducing device 10,

the anplitude of the wobble conponent signal inputte trolling
and closing the switch 17 is detected by the anpli tugzebég%@g?ri%ﬁgci rcuit

18, and various types of information are supplied to the tilt detection,
target value setting and drive signal generation circuit 23 via the track
discrimnation circuit 19. In the optical disc reproducing device 10, such
processing is carried out for the %ﬁpbl e conponent signal SIGA in the case
where the | aser beamis cast onto t track TA and for the wobble

conponent signal SIG in the case where the |aser bgamjs .cast, . onto the
track ing, diffegentpainhironvthenaint wheredhe Bl quambity 15 onﬁh@t ig; npither 80 and
t he wobbl e conponent signal SIG is supplied to the tilt detection, target
val ue sspliivde oftht Wobblke corgpehergesignalt Sk, oor ¢he amBituds ofl¢be wdidhle above,
the discrimnation between the wobble conponent signal SIGA in the case

wher e %ﬁ?é,ﬁéﬁr £S i : ] [® i§opponent
Si gnalé I'n Stlglgﬂ ?ellg% 1%\%2?12&?{%%1%22?} S ammi ?hegtsh:ehg}lﬁgﬁ%@ lt§ r ggk TB is

carried t by the i. kK discrim jan cjrcuit 19. In | S t he
opt 1 o cancithecetb, st et b On e adh FtitaeriEat 40t BhEpfRE ilers
conpensation with high accuracy. The characteristic of the signal based on
t he rcheartit qugmtyflﬁé‘gm the wobbl ed groove portion WG in the case where the
| aser beamis cast onto the optical disc while the tilt quantity is

changed i s Hhe siudvauses bf guch a1l inbalanté pleendmsmreresideninal Gidtihg ipsocegsner at ed
at the point of intersection between the curve CA and the curve CB,
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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



anpl i tude of the wobbl e conponent signal SIGA nor the anplitude of the
wobbl e conponent signal SIGB is symretrical about the;prbahndRpg the tilt
quantity is "0?" and therefore the tilt detection signal SIGI 1I's not
symmetrical about the point where the tilt quantity is "0?". The main
causes of such an inbal ance phenonenon reside in a cutting process in
manuf acturing the naster of the optical disc. As the first cause, a feed
error of a |aser beamfor cutting maygsbe considered. In the cutting
process, in general, a |aser beamfor formng the straight groove portion
SG and a | ager, he for forming the wobbl ed groove portion WG are operated
in paralle mo%i%?r?aiﬁé%% the optical disc so as to carry out cutting.
- The first cause resides in such an operation. As shown in Fig.9, when

t he | agkd tiHaleadsde thefirt sgusheln iy easghwhgndbe tasgobeam fosepredudtidnisd t o
the position to formthe next straight groove portion SG or when the

| aser {Hiftedffosmfthe niac T heo thebidxe dC groyavieerpthict lassy Béam for ehirbdwetidpist he
position to formthe next wobbl ed groove portion W5 the beamfeed pitch

Tm shogisteBdr@HRhEIRRE TY 1oT{HE I trdtk 9 hE FasBPBEAMNE ShitRla @tage%ﬁ%i ng

the interval between th aser beam tor¥formng raig roove
Fovey evitisd e SR SHon of (AR ad by 5 boam 1 oed ool is
Tt causelne eoand couie of dhe Ambalsics Goherseamanoresidssr oy orst dnotheshi 1t e
fromthe track TAto the next TA or when the |aser beam for reproduction
is degree of modulation of the laser beam for forming the wobbled groove portion 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 T, 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.



shifted fromthe track TB to the next track TB, the | aser beamis shifted
to a position deviated fromthe center position of tE?D%F%ﬁB&'IB% second
cause of the inbal ance phenonmenon resides in an error In e J%gree of
nmodul ati on of the |laser beamfor form ng the wobbled groove portion W6 in
the cutting process. In the cutting process, in general, the | aser beamfor
formng the wobbled groove portion Wsis mnutely noved in the radial
direction on the master of the optigal disc, thus form ng the wobbl ed
groove portion Wa The second cause resides in such an operation. As shown

in Fig.9, the groove width TSG of th trai ght  qgroov. ortion SG,and the
groove Wi thCWW&ﬂletfﬁ%J]Wb}a&R@ﬂ%&@ %B‘l“gp Wﬂ%ér@]’iﬁm%a Q&JB? e Ze
relation of TSG = TWG but this relation influenced by an error in the

degr eecopfipometht sigrials1SE,. 1, EIGypbkitk despgcbtoshiedit quantitydnithe eapy wherda by TSGH
TWG which |l eads to the second cause. In this case, too, when the | aser beam

for 188 &} {shst SnfoMif dRfkal U WAIR altEAKilch 4f0.9harmand wiksre arfevdien t he

| aser ‘beamtor reproduction is shifted fromthe track TB to the next track
T e ESE B D G e SRS HhOb R et B oy
S| 10 KoTBpSHSD, Tag RORBOSBOVSHS GHYEE ot CachIchg 7 AR SHOGHHUABIE | aser
beamis cast onto an optical disc with a track pitch of 0.95 ?m and where a
feed thereiangbs An thd@myplitude gif ihe eolsblexqmapamsht sygnale SIGyueSIG40mithC40B i n
Fig.10. For conparison, Fig.1l0 al so shows the curves COA, COB, which are
the reguhd& 18the MIC4Aititfth 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



t he changes in the anplitude of the wobble conponent signals Sl GOA Sl GOB
wth .respect to the tilt quantity in the case where HeyEhi s cast
onto an optical disc wth a track pitch of 0.95 ?ma%%b%kélgf?g A=0is
given. It can be understood fromFig.10 that the point of intersection
between the curve COA and the curve COB is a point where the tilt quantity
is "0?" but that the point of intersection between the curve C40A and the
curve CA0B is a point where the tiltpyquantity is not "0?" and an of fset of
approximately 0.2? is generated. Thus, in the optical disc reproducing
devi ce_; d i | I ks : it i etection, target
val ue %éﬁ?k?é@&hgi(g?ﬁ@@ %EB%%FS3@%2‘?‘2‘!‘%‘?%’%&@? a;%dlégedt hat the peak
val ue of o of ﬁ@; vvobﬁ‘lls conponent signals with respect to the tilt
guantity c¢ A6 (g mani/ (W D peak val ue of the other wobbl e conponent
signal, thus elimnating the offset. Specifically, if the values of the
wobbl eorconponent signals SIGH, SIGB with respect to the tilt quantity are
expressed as WA, WB, respectively, the optical disc reproducing device 10
causes the W}J*Sw/;)g%t/i(w target value setting and drive signal

to

generation circuit I"id the peak val ues (WA)max, (WB)max of the

wobbl e_ c 0 ] L |GA, SIGB with respect to
the til14 g%ﬁ)aﬂﬁﬁ@%gtgﬁﬁ%ﬁ%?e%w%ﬁﬁ%%&ng@ﬁ%ﬁ%@a%x [ (WA) max or VE X (WA) max
[ (WB)max so_as to find, the, standardi zed wobble c ent .signal. The result
of cal cul at ThgTesyd Q,frfé]ﬂé%nﬂ%ﬁﬁﬁ a%gﬁﬂmﬂ%@naﬁtw%«?ﬁﬁw@%@gﬁ%ﬂeﬂ?m si gnal
SI GSB obt ai ned by cal cul ating ;

signal SIGg; obtained by calculating

W X (Wa)max / (W)
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



WB X (Wy)max / (WB)nex for standardizing the wobbl e conponent signal SI 40B
IS expressed by the curve CSB in Fig.10. As understo by

st andardi zi ng t he wobbl e conponent signal Sl G40B, thgﬁé%%%ﬁ?EE%M%$

wobbl e conponent signal SIGA0A and the anplitude of the wobble conponent
signal SIGSB are made symmetrical about the point where the tilt quantity
is "0?". In this manner, the optical disc reproducing device 10 can correct
t he i mbal ance phenonenon. In the op%%cal di sc reproduci ng device 10, this
i nbal ance phenonmenon correction proteéssing is carried out in neasuring the
correlation between the tilt indication_value and the data detection error
at t hevpbbls eImpengntnggralecom by Bagk oy pnddhe &isckchy agfdaterrerdpgate, in
order to set a target value for the conpensation with respect to the tilt

i ndi ca¢omputatibngadditiosaleilaipdmigy telectidetined amhcanguiativpdimenicorquired  hi gh
accuracy. Meanwhile, for exanple, in the case of storing the anplitude

val ue f "Psﬂg%% ?Tf&ﬁ{s AROBHAR th¥ABPNaI egéma%ﬁntmreﬂgle Qheh ekrlgck T,

and the tr er carrying out nput ati on di tiona

guant i detection.tine and .c utation |re t least two
ot at | RRREIRE RN BRe eciF R iiees SRl A G af Gy gpdhe Ritsr e Byt
performed fromthe inner circle having a small tilt quantlty to the outer
ci rcl ea kage Hlf quantidy ga the pptigalalise, @lasmoyHianepf (warotaliens +4 isaequitsd,t i ne of
two rotations + a is required, causing such a problemthat the effective

accesscaaggisich 4 prevlest thhntheheffartive actestedpeediinlpwéredti It quantity on the
basis of sanple information for one turn within one rotation of the
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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



rpm- the time constant is as |arge as approxi mtely 2 seconds. Mrever, in
the case of continuously reproducing only one of thesbRekmié pd t he
track TB, there arises a problemthat the tilt quantity cannot be
detected. In order to solve these problens, an inprovenent of the optica
disc reproducing device 10 is proposed. Specifically, it is considered to
i nprove the optical disc reproducing device 10, and detect the tilt
gquantity by utilizing the sub-beam ggots SS1, SS2 used for the
above-described track discrimnation of the main beamspot. In this case,

optic i : g i i : I i are as
shown I LA BY B B B e D L Py ™ Fre
optical,. disc shown,in Fig.11 . imlar to the tigal discg.sh in Fig.1l
ond habeERERCPOR bisvh a0t Burich (iR aroeke BoBRTsVE aBOerERORITRN e
either its inner circle side or outer circle side a signal information

r ecor deenydinglewak] reypedivel R 2liobeptisal disoshown ind igdds thaigtapvemertianng

FM nodul at ed address infornmation and a | and portion L are alternately

provi dethavaipditersighil dhfdriesRnaceording eidevwalb Wooarith dwed cirold sideonlthtor m
recordi ng areas, respectively. In the optical disc shown in Fig.11, the

gr oov I . Lig the signal information recording sidewall Won its
outer%a?%] g%s%ilagrééﬁﬁkﬁ'e optical disc is provided. The optical disc shown

in Fig.12 i simlar.to the .opticgl, disc shgwn in Fi.g.2 and. S 4a_ar oove
subst Pat e oGP HiscoRaVEHE P ave Bt Te hegetahitBh Shaws indie Zhodul at ec
gui de groove havi ng no wobbl e, and a_ wobbl ed groove portion WG which is a
nmodul dtagda @rpdee gubsiratehon ivalgichna istraighdt grosive eporsios gﬁalwmﬁ:ﬂlomtnqm
recording sidewall Wthat is wobbled by providing address information as
si 9na'mb@ﬁl@td&l@&iﬂéFrch%dmlilﬂlgihGdvcﬁibl@mﬂtmbohblemgﬁﬁvkpbrtmﬁW(l’r,ewhﬁﬂi to a

standard |linear velocity, are
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



alternately provided, and on which an area between the straight groove
portion SG and the vvobbl ed groove portion WG is provisipdeaspe doged portion
L, with the straight groove, portion SG and the wobbl ed groove portion WG
form ng. recording areas. The optical disc shown in Fig. 13 has a | and
substrate on which a groove portion |1G which is an inner-side nodul ated
gui de groove having an signal information recording sidewall Wwobbled by
provi di ng FM nodul at ed address i nf og pation as the sidewall on the inner
circle side of the optlcal di sc, a groove portion OG which is an

out er-sid dul at ui d rooye. haying. a signal on_recording
si dewm’“ﬁ?agé at]ﬁ%‘f EP'g Kk % ﬁ?i‘ ‘){'ﬁéalb‘iﬁ %’?1061 f‘éﬁ%‘“&‘}% ’%‘goqﬁ‘ﬁl@ %8{‘1 cal disc,
are alternately provided, and on which an area bet Ween t he roove ortion
|G and t he Theoplisalpdise reprodeing deyicmasendmproveseniof the abpyedesenbed and
portion L, with the land portion L formng a recording area. The optical

di sc b@ﬂbﬂd@féb REpidRicify dsvite 10TDAny arfasdr indan ataitinse- ol idiees amsbt i cal
di sc reproducing deV| ce 10 casts a | aser beamonto these optical discs and
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of the return Iights of two beam spots (target beam spots), of the three
beam $patssiahatisteibiutinnt Tbe opticaladisereprodugies Wl@apasrlesmtﬂﬁf@CBQE@fo‘ere t he
optical disc having the |and/ groove substrate shown in Fig.1ll is used, the

opt i caj]t GiARity OAMRE BESIEof dky faremiBghtstofewotieambsyans ¢pet bddinapdignef of the -
two sub-beam spots SS1, SS2 as the target beam spots and carries out

det eCtth%th‘géb{?QﬁlS? stfo‘}H%’Eltéﬁﬁer&ptﬁ&?dm?' s of the return lights of these

tar get eam

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.




In the case where the optical disc having the groove substrate shown in
Fig-12 is used, the optical disc reproducing device sub- beam
‘spots SS1, SS2 cast onto the land portion L as the tg?g%?gﬁggﬁxg%ots and
carries out detection of the tilt quantity on the basis of the return

| ights of these target beam spots. In the case where the optical disc
havi ng the | and substrate shown in Fig.13 is wused, the optical disc
reproduci ng devi ce uses the two sub3Qean1spots SS1, SS2 cast onto the
groove portions 1G OG as the target "beam spots and carries out detection

of the ti uantity on the basis of the return li.ghts of these target
beam spots%@%ogeWé?%éFSQm@nﬁeneﬂg’ VTS HhiceAsas ¥dFrS C&Ptlﬁéﬁalrsﬁfp covers
the cases where the optical discs of Figs.11l to 13 are used. Therefore, it

i s nofFigeli bed3 aheuseet. Therefare, it dunotsirfinediwbether dhe tree beamrpothiused | ¢
gquantity by the optical disc reproducing device include the main beam spot

M5 or fhhgetebfin® GRIMlE ﬁ@hﬁti@%ﬁt]ﬁﬁ%}tidﬁhﬂmcﬁ%pﬁﬁﬁﬁﬂil\&% devieeamelagethé maihe case
where the signal informati"on recording sidewal l is located on the inner

circl i de . Qfrat i gal . dj Neé&h f ikcal
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a beam spot in_the ceis.e where t he i gnal inf tion.recording sidewall W
i s | ocaseWhsie thesignal dpfarmation rgremsding Si%ﬁ@fa[ﬁo@{ @&Fataﬂ&? 1€ IRRPGHLER to as
a spot SB, as shown in Fig.14B. Also, in the following description, a

t r ack sider afiiteet eptiodl tdist Hears ot 1aSér beamdirenr the opficad paickupaaiot Bhosnd 18 t r ack
irradiated with the spot Sa is referred to as a track TB when necessary. An
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and conpensating the tilt quantity on the basis of the return lights of two
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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



As shown in Fig.15, the optical disc reproducing device 50 includes: -an
optical pickup 51 for reading out digital data recordeteasmbsr 2oii cal

di sc, not shown; an IV conversion circuit 52 for carrying out

current-vol tage conversion of the signal outputted fromthe optical pickup
51; a servo circuit 53 for causing the optical pickup 51 to carry out
tracking so as to keep a constant distance fromthe optical disc and for
controlling the rotational driving aoperation of a spindle notor, not shown;
a band pass 22 Decenber 2003 32 filter 54 for passing a signal of a

desir ; Nelaloh L.an .Gl i or

det ecﬁa ﬁégﬁgggggﬁx%ﬁ‘%ﬁgggﬂ% Oga%‘gfgqxﬁmongnﬁﬁgﬁg ’ ag?a%ggédﬁ ‘Begé?‘tﬁe band
pass filter 54: a.b om,envel ope_det ecti.on ci.rcui 6 for detectin a
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filter 54; a subtractor 57 for calculating the difference between the peak
envel dpeserkby thakans pass fidtes Sk a bottenopwelipeatet¢diorceirenit $6 §& datecting bot t om
envel ope detected by the bottom envel ope detection circuit 56; an

anpl i taloettciatenetlope ofithe wabbiScobmposiediaidnah pasded byatliel bandqrisofiltehS4nobbl e
conponent signal on the basis of the output fromthe subtractor 57; a
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light from, the track TA or., ba opn . the return light fromthe track Tn; an
i e4b¢ BERICEIEIIPETecHor Cisght 59 aad thehatioms Chvoneetscl Py e baiiiss
recorded on the optical disc fromthe wobble conponent signal passed by

t he bamyeheps detectien d@ruitapbea ampléndes defentionpeirewit Hinforvdotedtingnthe

equal i zati on processing on an RF signal inputted fromthe IV conversion

ci rcuidgmpRtude dhithe disisble dongporeht Bigeali dn 6Re fbakisesf the ouftitditbm them t he
signal inputted fromthe equalizer 61 and discrimnating the data detection

ggpaggﬁg‘gﬁgﬁr% a&mﬂﬁ drigésrigggxt‘%&ibhi kot Pt i Bich RlatReWhe Ank N Asc v al ue
component signal passed by the band 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.




to atilt indication value indicating the tilt quantity detected by a tilt
detection circuit 64, which is described |ater; the tadpeddaitrebb®@n 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 conpensating the tilt. 22
Decenber 2003 33 The optical pickup 51 has: an objective lens 66 for
condensing a | aser beamfrom a | aser 3di ode 69; the focusing coils 67a, 67b
for inclining the objective lens 66 wth respect to the optical disc; an

act uat or 68Th@ropﬁehwgmu§®1 ks onf bl’!_‘%eﬁ@@%x@é@lfof B&Ide@ﬂsﬁ%é %E%S'E%iﬁ: force
of the focusing coils 67a, 67b; the laser diode 69 for emtting a laser

beam i 70.f or o4& r.ansmit t. t.he-l aser -beam.em t ,ed.f.ramthe | aser

i oae o8l ATARef o 64 ARRPLASiNg Rabld 875787 £OCATAMS bt AR 4 s
diffracted on the optical disc surface; and. a photodi ode 71 for receiving
the reWilhiespenito thei emicad dissr ppaciwatontd foridriving theiobjectivreleasOoday the sc
surface and nade incident thereon by the prism 70. The objective | ens 66,

si mi | agletwomagnatio¥ercdadahe fechsihg eofls 6&a) 6Ts; the lasaraliodnsfot bmittager beam
fromthe |aser diode 69 and casts it onto the optical disc, not shown. The

f ocusi i 6 ; i L ; i i 66
i SSEEbkamEd skl bosacy AR 1t SBE b0 ALY (RO L85 DR 7,

drive shgnal supplied Sromthe drive signal.,generation cilcuit flows
e oughs SREHTHRPMIRY todlyEPH atford ik e St ARBRERR pRbP Copticl g 670
respectively drive the actuator 68 jnto the direction of conpensating a
tilt, Wiy, andea photatiads i oriscewing tos aetwan bight which ds weflogted andragnet
not shown. The actuator 68 drives the objective lens 66 so as to cause the
obj ectdifrattedsortthe dpidal disk satfaze dasimede pudd¢ntahemonttyetheniriszal70di sc, not
shown. The actuator 68 inclines
The objective 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.



t he .objective lens 66 with respect to the optical disc, using the )

el ectromagnetic force of the focusing coils 67a, 67bgys G 2003 34
The | aser diode 69, simlar to the above-described | aser dvoda , has a
light emtting section made of, for exanple, a sem conductor laser, to emt
a | aser beam The |aser beamemtted fromthe |aser di ode 69 becones
incident on the prism70. The prism70, simlar to the above-descri bed
prism?29, transmts the |aser beamwhjch is emtted fromthe | aser diode 69
and made incident thereon, and radiates the |aser beamto the objective

|l ens 66. Also, .the prism7Q internally reflects.the retur i ght.which is
reflected ahBe dsef td&l‘iee@’oﬂmtlﬁét%@iq g ‘Pvedii%”tsbﬁﬁfiﬁ%eé Cﬁﬂ@e %déagﬁaﬁ\gﬂnt
thereon, and radiates the return light-to the photodi ode 71. The phot odi ode
71, siemittingtsectite nesiewe; ferseranpld, pisemidindust@dastrato amiphbasendeast or and.
a photoel ectric conversion section. The photodi ode 71 receives the return

light vhi gliel Beifl difftteadramanheilider A¢d A6 Bebdiftefididat odithe peisnt 30 and
made incldent thereon by the prism 70, then converts the return light into

an electri Lanal , eq.el 1 Cs o S : rsion
circuit SZGEﬁe 8 HSJHJL%S]S%']J%#) Plg‘{ fabgogé-ﬁl%scﬁﬁéﬁ g%fs ﬁfc%lﬁ&n%@tﬁ%qgﬁiatgﬁﬁﬁs&%ﬁ
constituted, the |aser beamemtfed fromthe laser . diode 69 i|.s, cast onto

t he optvhid IScﬁ@ﬁthrfé@msﬂbi@?ﬁﬁef fl@‘ifoggﬁ‘ﬁﬁ’é’idﬁ 3¢ ﬁ?‘s%fc%?n‘g%é]afﬁgﬁpet urn
light of the nmain beam spot MS reflected and diffracted on the optical disc

sur f aclaseésbeamn ¢o vhee pbjebtive lawmdbtgAdsa, the grisel 70 intarmedlyorefledtsdherpairnr ack on
the optical disc surface. The optical pickup 51 also has an optical system

for s p%%ﬁttdvﬁﬂ:ht fqet1asel andediffracte@ on@ieOptRabeRMsapfate Whd andtld imeideih- beam
spot s ,, SS., then casting these beam'spots to the optical disc, not

o gl SR B8 AR BIORASEHRER o o0 | 117 e

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-



22 Decenber 2003 35 beam spots SS11 SS2 reflected and diffracted on_the
optical disc surface are used for track discrimnati n beam
spot M5 by the track discrimnation circuit 59. Fur?gggﬁgﬁggﬂgﬁg opti cal
pi ckup 51 outputs a focusing error signal |nd|cating a focusing error of
the objective lens 66 to the drive signal generation circuit 65. The IV
conversion circuit 52, simlar to the above-described |V conversion

circuit 12, carries out current-voltage conversion of the signal outputted
fromthe photodiode 71. The IV conversion circuit 52 outputs the signal as

on' t he- BB sRofieRy SR LS Aed AR RGP GLOR S oo s G RRLEDRRML (e mr

si gnal resul t , of nversion of t return I| ht ,of the main beam spot
VB Lo HHRK @ﬁswm%&w%@f PR begny mmﬁws béfttasérack GEpRten gt 53,
simlar to the above-described servo circuit 13, carries out focusing and
dri vi nourdhermnierep ghe agitiqal @ik 51soutpmits @ fozmpirg enos tsignaldirslieatixeg far om
the optical disc and controls the rotational driving operation of the

spi ndlfciBin@ errSYOf th%hﬂi?@btl@'kh@%@%@%hédﬁ{refs g%‘é}lati%i’lﬁﬁ’llciuﬁdﬁf omthe |V

,conver5|on Circuit 52 he band pass filter ts off the RF signal

Frequoncy cbinavonmeaidl siEERE Dhhaf e BEaRRTe AehABRLIY (PuiERlon o (e

signal .information recording sidewall W of the signal supplied fromthe
|V corfiEquf égaem&ﬁ putsourretav Qlingls| convsryien aftths signal mﬂa&@ e frmithe band

pass filter 54 is supplied to the peak envel ope detection circuit 55, the
bot t orplatodiasise 7tiet ¥heildh conversian Bfrcuiths2 touapktsdihecsignaihas iaomesilt afi t 59
and the address detection circuit 60 on the subsequent stages. 22 Decenber
2003 Ionversion to the servo circuit 53 and the band pass filter 54 on the subsequent stages.
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.



The .peak envel ope detection circuit 55 detects the peak envel ope of the

wobbl e conponent signal passed by the band pass filteps RR3K
envel ope detection <circuit 55 outputs the detected peaﬁﬁgﬁégﬁope to the

subtractor 57 on the subsequent stage. The bottom envel ope detection
circuit 56 detects the bottom envel ope of the wobble conponent signal
passed by the band pass filter 54. The bottom envel ope detection circuit
56 out puts the detected bottom envel3%pe to the subtractor 57 on the
subsequent stage. The subtractor 57 cal cul ates the difference between the

peak envel gpe supplie fromthe .pe el ope detecti Cl [ and the
bot t om envgﬁkﬁdé%i‘??é'ﬂpfoé’& ﬁ%ﬁg%&u@gﬁﬁgﬁ?gﬁ@g%%ed&egcggei%i{]tﬁgwocbﬁ% 56 and
outputs the resultant differential signal to the anplitude detection

ci r cuiconfigonanttsignad ylasselibytthe bagd pavhdiltgrst t Lhe R@énréé'dltvﬁbﬁﬂecﬁi@téﬁﬁl?n 58
detects the anplitude of the wobble conponent signal on the basis of the

di f f ercgruitess st tifeudwntdted peaRentileps i thiestractsi’s7 Shahaspbsdquaat
detection circui't 58 suppliesS an anplitude detection signal indicating the

det ect&%arrpl itude to the tilt detection circuit 64 on the subsequent
st age. @ track discrimnation circuit 59 carries out track discrimnation

on 1 he sub. BeRotapciyele deieslipnerent By delEchang e PR Eape Bt o7
track discrimnation circuit 59 supplies a track discrimnation signal
i ndi cavobigetdoenpemarittsighaltpassed by sbe E».andaab‘@ﬁﬂ&eg) 542 ‘Dee bptiem 200d0B?  t he
address detection circuit 60 and the tilt detection circuit 64 on the
subseqigiitiorsEREEE 56 outputs the detected bottom envelope 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 frack 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



The -address detection circuit 60 extracts and detects the address recorded

.on the optical disc fromthe wobbl e conponent signal mai n
beam spot M5 passed by the band pass filter 54. In tﬁ??ggggg&%dﬁg addr ess

detection circuit 60 discrimnates whether the detected address is based
on the return light fromthe signal information recording sidewall W
constituting the track TA or based on the return light fromthe signal
information recording sidewall Wcongfituting the track TB, on the basis
of the track discrimnation signal supplied fromthe track discrimnation

"< cupe Brgpt el s AT AN BeOfiof RREFCER BRSPSl

performs waveform equalization processing for the correction of a jitter
error ¥A8%he RF signal or the like. The equalizer 61 adjusts the gain on
the basis of a tilt error signal supplied fromthe tilt detection <circuit
64, whi ch wIhé addredssletdachied disuér§0 exiladth and detaetntmt asbdresserdcondad oy of t he
MIF. The equalizer 61 outputs the signal on which waveform equali zation

Pr ocesgieNhticafdiRTeOMRRE WIUHES compohBft sﬁ'%&@ hise€ bh ThoAidiabeand sputtM82 on

t he subsequent stage. The data diSscrimnation circuit 62, simlar to the

above-described, data , di scrd m pation Gl reujt r .dat L t he

Si gnalp?sﬁﬁﬂtl%yeih? ﬁ)&‘h RS 04 ? 'erI%GFP% ﬁ#’&hgéqﬁ#agggépﬁg cﬁfe{{uépggt ection
capabiljity such as the jitter error. The data _discripipation circuit. 62
suppl i disceminatgs avhetherthe detestedadgaess is h@ﬁ'%a?m the Tetyen Hggh ronpthessgwdlcenper
2003 38 discrimnation of the data detection capability to the target

val ue isdbtmation recondingGRleawnal]l W benstithtinglthted cadkdl), @ibasad pn6He patutthlght
subsequent stages. The target value setting circuit 63 sets a target val ue

I |0Ir t COfFBA R éigﬂal"irffbrmﬁﬁf&??@éor&iﬁlgasﬁiiebvtal]! wilcendtitating ahe erdckdT,cain 0 the
quantity detected by the tilt detection
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



circuit 64, on the basis of the data discrimnation signal supplied from
the data discrimnation circuit 62. The target value Fﬁngkﬁﬁu't 63
outputs the set target value to a subtractor 75 of t e ti tection
circuit 64. The tilt detection circuit 64 includes: a switch 72 for opening
and closing on the basis of a sanple pulse generated froma sanple pul se
circuit, not shown; an anplitude detection circuit 73a for detecting only
t he anplitude of the wobble conponené signal based on the return |ight
fromthe track TA |like the spot SA A anplitude detection circuit 73b for
detectlng only,the anp]itude of the wobble conponent signal based on the

r et ur ndIsCHRINAtiQIHOE the datadateqtion capability te hn taggst valua sstiing cireuit 63faod
calculating the difféerence between the anplitude of the wobble conmponent
si gnal theatfle deteotipheircaitiédnon thahibstqoenttstegdst ack TA detected by the
anplitude detection circuit 73a and the anplitude of the wobbl e conponent

signal basegneRaidee vﬁﬂ@i&tlhg%gﬁcﬂtr f%t?% fa lVaTu@foztd&%lﬁﬂaﬁﬁltcul asmn g t he

anplitude detection circuit e su act or

and ¢ nipoppeidg Tl ey LR eBine e U B GrectedBnehR giidiedion o5

The switch 72 opens and cl oses on the baS| s of a sanple pul se generated
from elﬁ@uéz%w e basigi ofcthe: dataodissrivuinatiom signal supplind dremathe datas of f
the anplitude 22 Decenber 2003 39 detection circuit 58 and the anplitude

det ect disorimiination cit8aitd2. t The amfpkt valie getiegtoirnit 63 batidts tRdsetTiadzet
anplitude detection circuit 73a is supplied with an anplitude detection

si gnal viladits atsubtrakie Wth&@ﬂ?d&%&ﬁ&?%ﬂcﬁﬂ gqhe anplitude detection circuit
58, and detects only the anplitude o he wobbl e conponent si gnal based on

ot s an The M e Bt il Gt olides S RIR 72 R Spentas Shd Blbstag Sirie ">

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



indicating the detected anplitude to the subtractor 74 on -the subsequent
stage. The anplitude detection circuit 73b is supplie 1 litude
detection signal indicating the anplitude detected bgzpﬁéggﬁgrﬁpgde
detection circuit 58, and detects only the anplitude of the wobble
conponent signal based on the return light fromthe track TB. The
anplitude detection circuit 73b outputs an anplitude signal indicating the
detected anplitude to the subtractor354 on the subsequent stage. The
subtractor 74 calculates the difference between the anplitude val ue

i ndi cated by t.he. | itude si I |ied fromthe anplitude detection
ci rcui‘ie?%g}/naﬂacmfﬂgaﬁ qqlﬂﬁgp‘\%&%ﬁgﬁﬁ FETEY7 3,01 the amplitnde detestignal
supplied fromthe anplitude detection circuit 73b. The subtractor 74

out put@reit Y38. i ndi cation value, which is the resultant differential
value, to the subtractor 75 on the subsequent -stage. The subtractor 75

cal cul at es Theagliplitededeectieh Wit 78a id Sippind %hiﬁﬂa}’rgﬂﬂﬁde %@fb@qoﬁd from
the subtractor 74 and the target value supplied fromthe target val ue

setti el 183, ' r .gn expressed. th

ST e deLifdicarifg ‘P%"’*“%Iﬂ%"@%?%@%%dr bgfﬁénag’[‘ft’lrsﬁ‘lggﬁracl%ég‘i'b RECUIE SRe 386 on
circuit 65 on,the subseguent. sta . 22 Decenber 2003 40 The tilt

det ectdetiEte SAbG e SHPTRE QahS v ale gommoBetbsignal pased andmietymdighthe
basis of the anplitude detection signal of the wobble conponent signal
supp! ifeemithe irackel , ampeiampl#tudetdeteation circwiti78a 5atmris anmmplitde signal

di scrimnation signal supplied fromthe track discrimnation circuit 59,

and ouhgicasinghie denretal aflplifude t8thekubirgtet 74O fhe subeRldri_faddl and the
drive signal generation circuit 65. The drive signal generati circuit 65

uppl i od 1 PRpnnid Qe Bl i Fipsie Pl e REAC R BB oo™
from tsri]gena ii}lcriicgﬁ}xg%é %nmp(ﬂurl&g idtete%?éd gy Stﬁcta) ta;ﬁ’j‘pcltit?lzic 7détgc?1roncgilrgllljilt a5'[8i, r;%dt he
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.



di fference between the focusing error signal supplied fromthe optical

pi ckup 51 and the tilt error signal supplied from thesthddnflef 8644 on
circuit 64; a drive circuit 78a for generating a drive signal 1ndicating
the magnitude of a current to be flowing through the focusing coil 67a on
the basis of the sumvalue supplied fromthe adder 76; and a drive circuit
78b for generating a drive signal indicating the nagnitude of a current to
be flow ng through the focusing coil 467b on the basis of the differential
val ue supplied from the subtractor /7. The adder 76 cal cul ates the sum of

t he focusi eJ. signal_indi,cating the .focusi ror of t bj.ective
ens. 66 supfPf Bl e urp A inslited FRI (Rl ey dnffe BRYRS
supplied fromthe tilt detection circuit 64, and outputs the sumvalue to
the defithe amplétuide detectiontégualintithe tenbbig cemposient signehsupplisdfrentthebet ween
the focusing error signal indicating the focusing error of the objective

| ens 6&mplifinle ddedtiamncirbeit SBtandahe piack WisdimDextmbspn20€ipplikd frdnetid t he
tilt error signal supplied fromthe tilt detection circuit 64, and outputs

the dif&er@itimina¥idhUSrdt 598 aflf! ¥ftphls e bed8Bted B8 EFfrbY Sidd GHi fhe’82
fed PhiS e Bricated P?,

generates a drive signal 1ndicating e nag current to be

flow n%H} hroug? “&‘;1 fg&usi n oil 67a on the basis of the sum val ue

supp! | S ZEhPLRndLhe Jrive sighal geppralion Gitquif 65782 out put's the gener at ed
drive signal to the focusing coil 67a. The drive circuit 78b generates a
drive signafh¢ deve signahgenssatiansircutl ®Soncludes an addert 7 fra qalalating ther ough
the focusing coil 67b on the basis of the differential value supplied from
t he sufiim aftles fochsingherrolr s;igﬂalcs'upplibd frih thaioptical pitleun Shendtthe tiltdirrore

signal to the focusing coil 67b.

signal supplied from the tilt detection circuit 64; a subtractor 77 for calculating the
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



The .drive signal generation circuit 65 thus constituted generates the drive
signals for conpensating the tilt and outputs these dii i to the
‘focusing coils 67a, 67b. In the optical disc reprodug?xgc%gggggﬁgo havi ng
t he above-described constituent parts, the wobble component signal SIGA in
the case where the |aser beamis cast onto the track TA Iike the

above- descri bed spot SA and the wobbl e conponent signal SIGB in the case
where the | aser beamis cast onto thg track T. like the spot SB are
sanpled, and the tilt indication value expressed as the differential value

bet we t he wohhle ¢ nent..sk gnal ,.Sl j he case ere the er beam
s cactt Bg oAD' <FrorcslERel SEitiS) RRMELATE delhRuiPals B ipuls e, o
case where the | aser beamis cast _onto the track TBis found by the tilt
det ectdibigrential atugip therdrivheirest 78bckup 51 is control | ed 22 Decenber 2003
42 and driven so as to make the tilt indication value close to the target

val ue set byh¢ ldeivet cirgeit 73algemesstts bnlyivel signalt ifdldcating theemaphitadé ofiasc
reproduci ng device 50, a preset arbitrary value or a value recorded on a

contr Qlur}éxg% B @vﬁﬂgtth%u\gdlﬁlg flﬁg\%@ EGF 879 IR ﬁﬁsiQ}cofHﬁ@ st bGRle di sc

may be used as t arget er, in the optica I'sc reproducing

device 50,. .Simlar tqt ovg: descri. optical, disc reproduci.n evi ce
To. ¢ ruBpLieg oG addah 76 . 18 FiSaRol T B0 the erreraseR davecsifl
initial operation in |oading the optical disc. In the optical disc

r epr odadhadoeusingeoB®7aat the tine of |oading the optical disc, the drive
signals are supplied to the focusing coils 67a, 67b, and the actuator 68 of
the opticdlhidekepcibduit F8brdeveratedhh|ldrivtensighal indicatintg the inagaitadged.a Then,
in the optical disc reproducing device 50, the tilt 1ndication value

o LESRESSAOD 80 oind AL B ol Gl Sk
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



sequentially supplied to the target value setting circuit 63. Mreover, in
the optical disc reproducing device 50, the correlati he tilt

i ndication value supplied fromthe tilt detection Ciggg*?@%ﬁ@?ﬂj the data
detection error based on the data discrimnation signal supplied fromthe
data discrimnation circuit 62 is neasured by the target value setting
-circuit 63. Then, in the optical disc reproducing device 50, the tilt

i ndi cation value that mnimzes the ta detection error is set as the
target value by the target value setting circuit 63. In this manner, in

the optical disc reproducjing.,device, 50, .an ti arget . val n be set
on t HATILBIEET6 i & Ekedha o indare i oftReite i te e Yane S5t e T8R4 "t e
22 Decenber 2003 43 data detection error. Specifically, the optical disc

r epr odargehyaliwvsetting ircaii®Bes t he wobbl e conponent signal SIGA and the
wobbl e conmponent signal SIGB and detects the tilt quantity in accordance

w th the fqplpe idiﬁﬁmcke?fdﬂﬂd’l@%ﬁaﬁicé&lo,dipﬂéséteﬂbttfhlyi%@ldevh&eﬂﬁ@, t he
mai n beam spot and the two sub-beam spot's SS11 SS2 are cast onto the

optic ' | ' - o I ;

OB <eehdsh ity EBRROLAACLs PLAIYR Rl Igf 1Rk et Bgofal dice |
Tt namey e eAAEIES et e HADEvSRER B 0B EH HCREV BB IRESHATE si gnal
passed by the band pass filter 54 is equivalent to the anplitudes of the
wobbl esimokap tonthet abeivgrddscsbahoptica dlisrrepheducingidevice 1@the targetealypeansa from

the signal information recording sidewall Wand the wobble conponent
si gnal ai$ Ge setigp it PMoWiBg h%thd&d\;\?é tinitedl opbratiman 18adihp ohe dpticalidisal

i nformati on recording sidewall

In the optical disc reproducing device 50, at the time of loading the optical disc,
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



On the other hand, if the spot SA and the spot SB are normally cast onto
the optical disc in the state where these spots are bapeHGAESDoRY 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 g®nponent signal SIGH based on the
return light of the spot SB fromthe signal information recording sidewall

W 22 g efheki ()%}}0144 Therefore, the anplitude signals, obtained by
det ect?ﬁg t he larrp I tudes of the wobble conponent signals SIGH SIGB by the

anpl i tude dgt ect.i cj,rcuif.s 73a, 73b qf .the tilt.detectio ircuit 64 and
SUppl | ed  ooPFATICERY ey gPliSal dfie. Feitoflycint fiotihe SORpRTIEG dnf W apble
edge-1ike shape in accordance with the shift of the three beam spots. On

t he bagmspenertusignalnPiG,; aribthg yiekble componenti dgmaldPley angdstasts My HHvi ce 50
detects the tilt indication value, which is the differential value obtained

by t hequaithyiaecosrdaficoivithihetfollowdeg eedthod. circuit 64, and generates the
tilt error signal. The optical disc reproducing device 50 repeats such

operation fpy th%i @etfb[gghisEXe dbEﬁi"gsde(}Ji@e 50) e ?ﬁﬁgﬁeﬁg{ %‘kﬁt(MSi 41/ tht5/%

repr oduci ng dev can ‘det ect Fan conpensat t quantity. Thus,
the optical disc.r oduci ng devi c 0 ca ui.ckl detect ,the. til

quant iﬁ‘lb"ﬁf?lﬁoiﬂ{tﬁ‘;\%nggaﬂgI%ﬁaﬂﬁ& ﬁ?ehﬁpﬁ?ﬁt‘h ¢ tfhcﬁappﬁ?%lcl?lcg}’ﬂc%l’a
plurality of tilt indication values are found during one rotation of the
opt i casimilasly tq the naspral aeprodusiionepr oduci ng devi ce 50 can detect the tilt
gquantity with high accuracy. That is, the optical disc reproducing device

50 can sol vAt tiie paidly ¢ the spot BgdndpthespenS; ardincanalbpcast comd thé bptidslt ect i on
and conpensation quickly and wth high accuracy w thout having the need to
carry Wt wRfBhi B@hf‘gﬂ IRRIREH OB 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.



As described above, the optical disc reproducing device 10 can carry out

tilt detection and conpensation w thout having a dedi for tilt
detection, by casting a |aser beamonto the optical ﬁé&%ﬁgﬂg%pt i cal

pi ckup 11 and detecting the return light thereof. The optical disc
reproduci ng device 50 can carry out tilt detection and conpensation

w t hout having a dedicated sensor for tilt detection, by casting a 22
Decenber 2003 45 main beam spot MS,gnd two sub-beam spots SS1, SS2 onto
the optical disc by the optical pickup 51 and detecting the return lights

of two beam spots of the hree _beam..s : f ' di sc
repr oduci ngll}’tfl’g?ﬁoé%s&?@fnﬁg“é%ﬁlﬁa e E}%ﬂgﬁ?giﬁ%ﬁégttgéﬁﬁ%ﬁ lp :afj'? Péﬁgl?{if ity
even for an optical disc which is reduced in thickness, and gi a,ﬁ;te% by

i ncr eaobige componentsigaals SHex1 e HNAE asaplitnde dpfeslon ¢HCIER Jed, b Okp,
respectively. It is to be understood that the present invention is not

| i mi t gHe tft ider chiaveircuie §4 randesippiteddiortin subtfmtore¥dmpteechangeadhin i cal
di sc reproduci ng device 10, the nmethod for sanpling the wobbl e conmponent

st anal Bkt WS BRI ke MEDE i AS-draRfte wRRAM WHifCaptheqnte Bl kpark TA and

the wo e coffponent si gna e case where the | aser beamis cast
onto the track T. need not be.a .method for s | §. . coggponent
signal in t‘ﬁ%h&%% ?@%t%&é%dgﬁgaﬁis’ltgﬁgpggai(%Eﬁg{?é)gﬁgwg?r&tl%eg@center
(zero point) of the track on the optical disc, and Sl1lCh roce ﬁ%gq need not
necesshtédty the tdariniisationtvalug whichnis ibe diblereial satne phipae Bhce
phenonenon, the gain of the signal may be controlled so that the peak

val ue spbtiaBerof4 bhehenwitoder ctionpireaitt64s iapkdagenenttes the tlprodr signalhelné | t

guantity coincides with the peak value of the other wobble
optical disc reproducing device 50 repeats such operation for a plurality of times.

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



conponent signal. Mreover, in the case where the optical disc shown in
Fig.11 is applied in the optical disc reproducing dey Q, t sub- beam
spots SSSS2 need not necessarily 22 Decenber 2003 46 ﬁggi%QB@PB%@x%nd only
one sub-beam spot may suffice. Furthernore, as a matter of course, the
present invention is applicable not only to an optical disc reproducing
device for reproducing digital data froman optical disc but also to a
recording device for recording digitgk data onto an optical disc. Thus, it
is a matter of course that various nodifications can be nade w t hout

departin romth e, 0f th resent, idwvegii on ndust.rial. | ,cability
Ao oSBT ZEOL S TS B Brp sUBAEAFE SBht5i Ry noecoin IS OpHgRERisead HESor i ng
to the present invention-is adapted for rotationally driving a disc-shaped
r ecor dppcalipiekum i andsiediing heapturniightreafitye heam spadmobthege threr beamt ed
fromrecording data is recorded on one of both sidewalls of a recording

area hgyiteg the recording data recorded thereon, and recording and/or
reproduci ng digital data to and/or fromthe disc-shaped recordi ng nmedi um

The devi ce i ih <O R i f QL ~GaShHI a onto
Vi ‘Tﬁgﬁiﬂr)lzegz‘%h& %)'tl?:ngid.d?écc krﬂgrdﬁﬁ%ﬂ%/ Wices230! 5P &ahadefecP

t he di sc-shap iumand recei®ing a return Tight reflected

and diffracte n r.he surface qf the disc:.shaped .recordin i u

Al | etmpaarale dheil GuaRiO RS Rnder st pgAiE ThiM S BREAEF 1led on
areturn light fromthe signal information recording sidewall, which is

t he si dismeter hxvinatsasing theimmagrical fapertre (N A)eddthgaabjedibrelomsea g, 661 t
detection neans for detecting the tilt quantity on the basis of the

anpl i t yebpeofivélie signal detected by the anplitude detection neans.

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



22 DBecenber 2003 47 Therefore, the recording medi umdriving device .
according to the present invention can. detect the tildy SHiapbt Yoddn t he
basis of the return [ight fromthe signal information recording sidewall
of the disc-shaped recording nmedium and can carry out tilt detection

wi t hout having a dedi cated sensor for tilt detection. The tilt detection
met hod according to the present invention conprises the steps of. casting
a |l aser beamonto a di sc-shaped recagdi ng medi umin which signa
information that can be discrimnated fromrecording data is recorded on

one_obeiahiqedl ARGl orisuB bAGRLHbaRaEAYi ng the recor ding data

recor de ereon recei vi ng ret |ght reflected and diffracted on
t he surfac t he disc s ped recor diu det ect t he,anpl i t ude
of a si gna%“ﬁi'g@’ao{?ma%am %rﬁgppbmﬂ, &P&ﬁﬁ gy ’&"‘SiaRPBF%HF.“@Fﬂ HB’cor di ng

sidewal I, which is the sidewall having the signal information recorded
t her edm ﬁn@pd:ucaled:@etr¢prgdumgtdemcecf@amproslu@ngtdﬂ@tadal@i%fram smeptapIdistide of
the detected signal detected. Therefore, in the tilt detection nethod

accor ¢upglsodtotrcording devidevonréerdighdigital ditaqmanthtopticahdize. det ect ed on
the basis of the return light fromthe signal information recording

si deval | OfThtdge 145 SGnERAPSES gewt% BRe iR moﬁs in HENRAdd Ritneap Pe

53 lf
carried out \Wth out Cl'Haw ng alﬁem Cated sensor or tilt detection. Noreover,
the recordin lum drivi ?H%dew ce. accor ding to the present invention is

adapt dgppgn gPH} h5rsqopg of PFng‘eﬁt §se¥Shaped recordi ng medium having a

signal information recording sidewall on which signal information that can
be discrimnated fromrecording data is recorded, and recordi ng and/ or
reproduci ng 22 Decenber 2003 48

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.



digital data to and/or fromthe di sc-shaped recording nedium The device
conprises: optical pickup neans for casting a | aser 5532%) y a main
‘beam spot and two sub-beam spots onto the di sc-shapegg(rﬂfﬂég((::%{rﬂ |ngor€redi um and
receiving a return light reflected and diffracted on the surface of the
di sc-shaped recording nmedium anplitude detection neans for detecting the

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

gquantity on.the. basj,s of the anmpl,tude. t S) e

anpl i tude gg}eé%ﬁgf%n{henﬁ%?%&mghﬁégf‘ﬂﬂe‘?nﬁhgt ﬁ%l?ég‘{ﬁéfﬁg&n@%?ﬁ% ?gle\?l?ng

devi ce according to the present, inventiagn, a |aser beamforned b mai n
beam dpwventignicamdetsghisctiihquastity pa thebasis ofthe refury lggi fipapd Fﬁ’@fdi ng
medi um by the optical pickup nmeans, and the tilt quantity can be detected
by t hQ'nfdrhtatidmtremﬂdm%]sidawallQlﬂthdtﬁsdaslafi;mdaécmﬂdm@:mﬂimnm&n‘an carryiogal

based on a return light of two target beam spots, of the main beam spot and

two Sl{gf B%@iéﬂ%iﬁlm{grh‘amﬂ i@gg&&ﬁ@h deRboY FRY1PActeeGORdi Ng sidewal . Thus,

tilt etection can be ca out quickly and with high accuracy w thout
provi di ng i,cat ed sensor for .tilt .detection rt , ilt
det ecti on ﬁE}fﬁ@g d%\‘@&ﬁ?ﬂ %ﬁ?‘ia?%édlﬂgég e PTPSRAL mﬁe&ﬁl%nc%%éﬁ%%gh% Tj;}gpét eps
of: casting a |aser beamforned by a nmain beam spot and fwo sgﬁ- ,b}g@m spots
ont o @fdicestingapdaser deamyiongo e diserahaped nigcarding naediwn oinnathish sigador di ng
sidewal | on which signal information that can be discrimnated from 22
Decentiaforffididpndfat cacbe disegntiabtedi fsomeaecodarg datads revoeded og caeradtboth | i ght
reflected and diffracted on the. surface of the disc-shaped recording
medi urgigARAIRCI 13 chifin g R hhvig tRE reto?digBdatReBfled 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




on a return light of two target beam spots, of the main beam spot and two
sub- beam spots, fromthe signal information recordi na29dempld 2003nd
detecting the tilt quantity on the basis of the anplitude of the detected
signal. Therefore, in the tilt detection nmethod according to the present

i nvention, a |aser beamformed by a nain beam spot and two sub-beam spots
Is cast onto the disc- shaped recording nmedium and the tilt quantity can
detected on the basis of the anplitude of a signal based on a return |ight
of two target beam spots, of the main beam spot and two sub-beam spots,

fromthe. si | inforaation &ecardi sidewal | ... Thys, tilt detection can
b car i Blito et i 88 i s deGut e P e die dibide ORI cat oq
sensor for_ tilt detection. 22 Decenber 2003 50 CLAIMS 1. A recording
medi urAplicel piskupaneans s casiing @ leved begmafarmeddbna anais-boanpepot anstveli ng
medi umin which signal information that can be discrimnated from

r ecor ciubcbebat spots onée dicddd cavhapoé redorditghnediienaindsreotiving  ¢otueh highar ea
having the recording data recorded thereon, and recordi ng and/ or

" epr odeRkaeddhd [Afifad &P thendiriice bP TheNaisdl hapsaRRArdiRg iflifigmiredi um

the device conprising: optical pickup nmeans for ChSt i ng ser m ont o
e O SEoTUR R TRy SIS b T
anplitude detection neans for detecting an anplitude of a signal based on a
r et ur dight gl wortarges bsagrpots, of dhormain heamepot PR twiodahabdam gposhiiom a
sidewal | having the signal information recorded thereon; tilt detection
means thekighal m€dinngtian feicbtdigg aidemtay]; bad tiltaletddiivnanpdnsfotdetettihg ehe tilt
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



detection neans generates a drive signal for conpensabigagedpbid 2dozon t he
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
conpensation wth respect to the tilt indication value; and data

di scrimnation neans for extracting the recording data froman RF signal
based on the return light reflected d diffracted on the surface of the
di sc-shaped recording nediumand di Scrimnating data detection capability

with respect to the recording data, 22 Decenber, 2003 wmher.ein t tilt

- det ectiesprding datady ﬁ?%ﬁe‘ir?dl FELNg %EC%BH} ﬁgl&li re@pg%@ﬁnﬁg\ﬁgact&ﬂ iolnettﬁghangi ng
the tilt quantity on the basis of the drive signal, then finds a tilt

i ndi cahirfacewdthealisoshappiedording medium cdetaciing thetamplitydaof a signabbasedet s t he
target value on the basis of the tilt indication value thus found and a
data diipg el AhO6f S@ Ratiget b@eﬁhfsgbts';l of &he BRih beain sPatandmivoahitebeah t he
data detection Capability by the data discrimnation neans. 2. The

detection Capability by 2 di scrinination means. 2. The
et oot o REhaT: et Bt AR BRermifl SRPwall pd ek BT abiity ' [
[ | based th ) | jght f t.h ' | i nf ti di

31 doncon tierbasiuot ticmpbide e asld it s | ocat ed on the I nner cirdl e

side of the disc-shaped recording medium than the signal infornation
recor di ng sThierefdre, anthe Hilt detpetion dwetiodd aheordinm e thepeesenbinvesionetur n

light fromthe signal information recording sidewall in the case where the
laser. 13e@Mdatn FQadElly @ndindean §lotahdqwe sabdscamh sphis islcast oatwphediisecor di ng
medi um than the signal information recording sidewall, as a tilt

| ndi Caéﬂa%@dvr%lcgledihg%8M,gaﬁ@?he 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.



tilt quantity. 3. The recording nediumdriving device as clained in claim
1, wherein the disc- shaped recording nmedi um has agy&fge&%ﬁ%¥% ﬁ@d a | and
portion alternately arranged thereon as the recording area, mﬁp one 3
sidewal | of the guide groove being the signal information recording i
sidewal | nodul ated in a predeterm nedsecycle in the direction of wdth of :
t he gui de groove, and wherein address information as the signal information
is recorded on the signal information recording sidewall. 4. The recording
medi um driving device as clained iQH%iEﬁ§‘11 wher ein the disc- shaped
recordi ng nmedi um has a nodul at ed gui de-groove and a non-nodul at ed gui de 22
Decenber 2003 52 groove alternately.arranged. thereon.. the ul at ed gui de
ot oove habi ng R o] BB fieldfiesa B SO RBAE Bt B s %as e
signal information recordipg sidewall, the non-nodul ated guide, groove not
bei ng nodifPerdie Fredigm IBovHE; Hand oo G s Eié?%g}?t“‘ghg%%dul at ed
gui de groove and the non-nodul at ed gui de groove bein the recording area,
and wher efegorgdingr éxe i3 recordedtonopneast both silegialls of nfwseoraiigomes bavipgdler ded on
the signal information recording sidewall. 5. The recordi ng nmedi um driving
devi ce asrecbmimgedath recdraédttiereonh anéiracdréiagtdndfor rdpiodoting rligishriataset s a
target value for conpensation with respect to a tilt indication value

i ndi cat i Nghd/&Yerdrh kfe HsRMHabbd/ recrdinphBediB®OMdidedicHBethpiRiA:I Vi ng device as
claimed in claim5, wherein the target value is an arbitrary preset val ue.

7. The recordi ng: i (VA AL i e i &gﬁﬁﬁ in the |
target val ue igﬁhcqgg'lcgga &g%&riﬁg(ﬁgﬁ\é@gﬁg%ﬁt@%@ qﬁﬁc?g}%e%%%iﬁ&r%%eor m% area of

the disc- m%crllﬁglea%drr%ge?\rfigé Qgethgﬁﬁ gtflrtnreﬂected 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,



8. The recording nmediumdriving device as clainmed in claim1, wherein the
optical pickup neans is controlled so as to make the 4, ] g' ,on val ue
close to the target val ue base on the drive signal 92%5%3%@ é@§kPhe tilt
detection neans. 9. The recording nediumdriving device as clainmed in claim
1, further conprising waveform equalgpzation nmeans for perform ng wavef orm
equal i zati on processing on an RF signal based on the return |ight

reflected and diffracted on the surface of the disc-shaped recording

medi um wher ei form.: i I i : I j ust ment
on the basis Vgl?ér? etﬂ?i\{ t&éégrtlggqlgéla&%\g{’ﬁt?%uaﬁg%egﬁ{eg {)Ilﬁfcfa Pglt&c%g |81?15d means.
22 Decenber.. 2003 53 10. . A recordin diu riying device for rationally
it vi ng SIS Chaietie HE BRd e BERS . th RV PG Chomr BRHRE I ¢ has
can be discrimnated from recording data is recorded on _one of bhoth

si dewal | singfcatior ealbe eorirspondiag Hathe m‘gaqa@en tiltqusnttyn andistta theda@etealug her eon,
and recording and/or reproducing digital data to and/or fromthe

di sc- shapedthedmsisdifithe mdidindivativih ealde thuseforndand si deda doptingeitiopistgdgnap neans
for casting a | aser beamonto the disc-shaped recording nedi um and

recei vi ngindich®iig! aNrektilg W disdringiahiesh andhdlidhfar agéidnosupabitity bgcheodatd he di sc-
shaped recordi ng nedi um anplitude detection neans for detecting an

anpl i tUdediQEnaﬂinﬁiii \%#ggsed on a return light froma signal information
recordi ng sidewall, Ich is a sidewall having the signal information

on the anl i ¢ ubte tseoide SEUERLACRTERPRS of AL B bR Dubhsta RN Toane

osition detection ans _for detecting.a position of .an, objectjve |ens of
»P he etection meang%n s the dlfferent(fa valug betvsPeen the ampl?tude of t%ejs{agnaj baset!l

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




optical pickup neans base on a sensing signal obtained by a sensor for
sensing the position of the objective |lens of the opjy i nmeans
with respect to the recording area on the disc-shapg%?ﬁé%ﬁﬁﬁfggﬂ%ediun1
gate pul se generation nmeans for discrimnating that the objective lens is
| ocated near the center in the direct4on of width of the recording area on
the di sc- shaped recordi ng nediumon the basis of a detection signal
i ndicating the position of the objective |ens supplied fromthe position
det ecti on_mean a enerating a gate | se;..and 22.Decenper..2003 54
avi toh nedReTs SleriexARERhERof: HE bt Btigd BpefE naViREARTUIENE eq by
the gate pulse generation neans; wherein_.in_ the case where the oﬁjective
lens is |RRsHiogdneBdsted pp its batasidewalls g thegigaal migpmaiionpeprding sideWally ecor di ng
area on the disc-shaped recording nedium the anplitude detection neans
det ect s tthe ngnphodulatesd phide geiayralot beisg dnedvlatédon étshoth sideialls, Mibnant he
signal information recording sidewall as the switch neans cl oses based on
t he gat e o Bawgenthcahethldyd pihide gadore pud sl gmr@odilhed gikingoovklbeink
recording mediumdriving device for rotationally driving a disc-shaped
recor di ngheBdidiinkNarvhli £ SheRal aldber TFbindfioh At theadighe iffcs@hfich Rated from
recording data is recorded thereon, and recording and/or reproducing
digital dataqt onﬁﬁﬂﬁ a_ﬁ&&ﬁhhgﬁng%ﬁﬁﬁggagﬁﬁlrecording medi um t he devi ce
conprising: optica Bgékup neans for casting a |aser beamonto the
di sc-shapgd r ordiq&. ned&un13nd r ceivingla Qgtuan Iighﬁ refgﬁgﬁfd and
di ffractedt on a sUFPatE Rediiying devfe 53 Slarpeb IGPAL: fedRHH 9% ¢ ude
detection_neans for detecting an anplitude of a signal based on .

detection means sets a targef 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.




return light fromthe signal information recording sidewall, which i.s a
sidewal | having the signal information recording theregssentied 2003 t
detection neans for detecting a tilt quantity on the anplitude of the
signal detected by the anplitude detection neans; wherein the tilt
detection neans standardi zes a signalszbased on a return light fromthe
signal information recording sidewall in the case where the |aser beamis
| ocated on the inner circle side of the disc-shaped recordi ng nedi umthan

t he sign i nformation r rding sidewal . ' . saf .« e return
light fr o194 he‘&s?eé%fgfngzElegeﬁgr%rfjo“e‘r%“gz&gg‘\éggj"f %?%@‘%E??‘%ﬁ}“%%?o%%aéﬁﬁdeml | in
t he case where the | aser bﬁ.a i.s | ocated . on tﬁtn out% .circle ai&e of the

di sc- shap@EOAEgo PR R diviiic fighel cREoraaiom thetn pat Rec HFmizalst oterg

sidewal | so that, of a maxi num val ue of the anplitude of the signal based
on the rigcerding dajhis focended lva aiegefzboth sfdswats ggﬁ TeEnAi ARy Ravidi®l in the
case where the laser beamis located on the inner circle side of the

di sc- shapedomdagodats ngeavdell trerdonaiand recording reatl/or mémodwting digitat dawi tog

sidewal | and a maxi num val ue of the anplitude of the signal based on the

return |igorframteBscSitapa rebordfiaTaédiom, thedeviee a@nﬁﬁsﬁggf.val | in the case
circle side

where the | aser beamis |ocated on the outer of the disc-shaped

recordi ng medi bﬁﬁc&tﬁigkwﬁeﬁ{s%%a&iakgﬁgﬁ*g%}? [?glfcpﬁl@im-ﬁlhﬁ'ﬁ/\ﬁk&mi e

maxi nrum val ue 1's e "col nci dent max1 num val ue. Atilt

d [ hod 1 Si h , ' | b
i sc- sha B PECBPRE ne U RESHeRRe S nERTHAR o Sile- 3R BER° 0

di scrimnated fromrecording data is recorded on one of both sidewalls of
a recor di gred 5o Hedit®e recordi ng data recorded thereon, and receiving

areturn light reflected and diffracted on the surface of the disc-shaped
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




recordi ng nmedi um detecting an anplitude of a signal based on a return
light froma signal information recording sidewall, i i { dewal |
having the signal information recorded thereon; and %.’e‘l?gé(;étrﬁlbzeéﬁgé il
guantity based on the anplitude of the detected signal detected, wherein a
drive signal for conpensating a tilt 44 generated val ue based on a tilt
error signal expressed as a differential value between a tilt indication
val ue indicating 22 Decenber 2003 56 the tilt quantity and a target val ue
for conpensatin, w I .t 0 j )4, L ndi i I in the
recordi ng dat a&lgﬂeé(l?arnggﬁlg%%ﬁngrﬁn g%ﬁiﬁgﬁa&%gﬁ ﬂ%egééetg Bgfé@lggrger?tg@g& ?\ﬁenl i ght
reflected and diffracted on the surface of the disc-shaped recordi ng nmedi um
and the B8RP BUSREEIAUOR EPSbi lity with respect to the recording data is

di scrim nated, and wherein optical pickup nmeans for casting a | aser beam
onto the di sc-wheigiadin the etredvinge fheaohientiae densds dpsataslgnaan gher eantardn (theyht
reflected and diffracted on the surface of the disc-shaped recording

medi um i sdidective mfwhidtheof thangcordingheed oh tthe disatshéned moorihe nadium, diie t he
drive signal, then a tilt indication value corresponding to a change in

the tilt guatullé Yetb&icnaHes derdisitheahphimiat of alsii@al Sass@on @Re téf@nhipght s of the
tilt indication value thus found and a data discrimnation signal

i ndicatin i i A i ] clyl ility.
13, The (PR HESHE Blorlafibh 1 oRfthy Howdh ab B, Hitch HEME AR HaaREGH
differentjal . value bet nthe amlitude of the signal based on the return
light fro etgﬁ‘i?pélglsér%?era%%ﬁggﬁ%%qt%ﬁaﬁ%é%}emhﬁanéel'aB%'walI in the case where the
| aser beamis located on the jnper circle side of the, disc-shaped
recor di ngmnedi Anfecriing medany ﬁgmgné%}?%fqrowtatwnaﬁy ving 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 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




recording sidewall and the anplitude of the signal based on the return
light fromthe signal information recording sidewall b@the o g) where the
| aser beamis located on the outer circle side of thg |e§%mgﬂ?3)a
recordi ng nmediumthan the signal information recording sidewall is found i
as a tilt indication value indicating4he tilt quantity. 14. The tilt
detection nethod as clained in claim12, wherein the disc-shaped recording
medi um has a gui de groove and a |land portion alternately arranged thereon

as the recordi area,. W.th gpe sidewal,l o he gui de .groove hej t he
Sgnal 2ooneianon FeSEnt HORITS, e SRS nerd e WG AT R Gl el T &
predeterm ned cycle in the directjon of wdth of the guide grooye, and
wher ei n aﬂ{ff%%lée phing disgrshapedagcorimednedivm thag the ﬁ@ﬁldﬁforﬁnéﬁ?ré%@%tg on the
signal information recording sidewall. 15. The tilt detection nethod as
cl ai med isidevall se timt, ofhe nexmmymevalie of Hisapeplitudeob il ignarddpedmhake a

nodul at ed gui de groove and a non-nodul ated gui de groove alternately
arranged ifchen ¢ight, frétehasignd] ahfaemgrioniecerdingwiddwalliinghd ¢ase wihdtenthedasposi ti on
nodul ated on its both sidewalls as the signal information recording

si dewal |, hdalifisNSte I RheRRY cHUle ARTTIINY 8isOlohapld kA BrdIRE Hcalued (A thdé S bot h
sidewalls, with an area between the nodul ated gui de groove and the

non- nodul ﬁ%&g ingd-iﬂﬁicﬂ{f%&?/ Iir%f%&%%lf‘&d 5%9{11‘?&&%33%%’ m@ﬁ%ﬂﬂﬁ’ég{f%@ddr ess

informatio s the signa rmation 1s recor on the“sign

i nformati gn cording sidewall.. 16.. The tilt detection nmethod.as clainmed in
et m 12 SEHbPNG O T FHUE et foTR She Sieu Rdhabog i TR ERel Bl & 11

i ndi cation value indicating the tilt quantity is set. 17. The ti Ié

det ect i oncagetvHisae dke dasgr heamip lesaiedpn ghe kst gitgle pide tofr hetdigeshaged s an

arbitrary preset value. 18. The tilt detection nethod as clainmed in claim
16, wher eieponding trediyet theml 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



val ue recorded in a control information recording area of the disc-shaped
recording nedium 19. The tilt detection nethod as ?r%a[i&rred in &gqal m 12,
wherein optical pickup neans for casting a | aser be ‘?‘ﬁemt’teﬁg sc- shaped
recordi ng nmedium and receiving the return light reflected and diffracted
on the surface of the disc-shaped re(‘s%rdi ng nmediumis controlled so as to
make the tilt indication value closeto the target value based on the
drive signal. 22 Decenber 2003 58 20. The tilt detection nmethod as clai ned

inclaim]12,. wherein gai.n adjystpent in waveform equal |zati.o rocessi ng
ber f or e iE It Ry andadmeRbedte bR comeonsalion idirruet bt Dlsiafiodies
diffracted on the surface of the disc-shaped recording mediumis carried
out basedv@f-the tilt error si gnhal. 21. Atilt detection nmethod conprising
the steps of: casting a | aser beamonto a disc-shaped recordi ng nmediumin

whi ch signal Winfreinrth¢ feonrditmpdatz anextecei fom an REt @ghdl besedranctbe détnp data i s
recorded on one of both sidewalls of a recording area having the recording

dat a recadigeeefldadend dififatied bAGRE ¥irfi@e af Rl disdsHapad tecorlih®micdtinmpmndd
diffracted on a surface of the disc-shaped recording nedium detecting an

anpl i t udeg,elia@ d%ielgﬂ’?&{ \A%a?gﬁiﬁgfsﬁgh g?sggé\ka f}lelri:&ﬂ(tling H%i?dﬁ&ﬂflﬁ{atedi, Afer mation

recordi ng sidewa havi ng~the signal 1 nformation

recorded thereon; detecting a tilt guantity the i S, 0f..1h |itude
of “he det act ttnepfromricnl Bk ingas, B 3Bini St B 8RS gl OeaRP

positl an o ive |lens
of optical pick ans for sti a
P rec&ldﬁlgugxegfum angl rece%?ingltgg return light reflected and diffracted on the

surface of the disc-shaped recording medium is driven while 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.

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




| aser beam onto the di sc-shaped recording nedium and receiving the return
light reflected and diffracted on the surface of thezzjbﬁéén%@@g%recordi ng
medi um based on a sensing signal obtained by sensing the position of the
objective |l ens of the optical pickup neans with respect to the recording
area on the disc-shaped recording megshum discrimnating that the
objective lens is located near the center in the direction of wdth of the
recordi ng area on the disc-shaped recordi ng nediumon the basis of a 22

Decerber 003,09 AbafL Qﬂeﬁﬁgﬁﬁ%hul'aﬁg'hg@i)réagtemﬁlea.%?élh 'irP{heCafireE@&l ) ective
| ens, and generating a gate pulse; an osi ng sw tch nmeans based on the
gate pul se. s0 to.detect th litude of. a sign based on the return
Pane °t r oniEh el B glid< it il R T SrasBindi e S5 BPniiet cct | on
met hod conprising the steps_of. casting a | aser beamonto a di sc-shaped
recor di n@sw&r%qwﬁlmgeﬁ 1§f°§fﬁ§tﬂon rergrgmgestdedidllt hat can be discrimnated
fromrecording data is recorded on one of both sidewalls of a recording
area havi hyy t hEhe dodatiéatign datthod es siadmed tihetason] 2, amkkreinetbe ididcrgdhaped et ur n
light reflected and diffracted on a surface of the disc-shaped recording

medi um  detedingngediomainRla moddateldl gaidel @owle dndsembrpmodulateti wiidd grgbie from a
signal information recording sidewall, which is a sidewall having the

si gnal i n{IQfRadly ARangRACRERSE thdBIAARedHARbEF hdVtheitd wWidih BHARMfidy on the

basis of the anplitude of the detected signal detected, wherein a signal

based on § A1k Yhs'dodliad kAl & ke gi}gigﬂ %fohﬂit%%%&drﬁiﬂg sidewall, the non-

modulated guide groove not being modulated on its boﬂ1 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.
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recording sidewall in the case where the |aser beamis | ocated on the inner
circle side of the disc-shaped recording nmedi um t hamnd B2 aho3
information recording sidewall or a signal based on the return [ight from
the signal information recording sidewall in the case where the | aser beam
is located on the outer circle side ofgthe disc-shaped recording nmedium
than the signal information recording sidewall is standardized so that, of
a maxi mum val ue of the anplitude of the signal based on the return |ight

from the,sign 1.nf i re. the | aser
beami s I%@at egilezgﬂlﬁf:eg’? er ﬂ’é’gé‘% ganggd?%gl%ﬁ?r%g’rwg?rrm %a%g?‘%e%%f

di sc-shaped recordl nedi um t han trt]e Si gnaI f.orgalal op recording

si dewal | WARCTYmEAp 1M PHRSeHIng Rerformstiqruar R sigh 8P the 28 on t he
return | |Iqht fromthe s_ignal [ nforrratl on recordl ng sidewal|l in the case
wher e t helighigetlediechpnd diffranted ew thmsurfaee of ther dig¢-pldped s¢geding medamgissc- shaped
recording nediumthan the signal information recording sidewall, one

maxi num vedrtied o trameticon the tiltcrdenignali t h t he ot her maxi num val ue. 23. A
recording mediumdriving device for rotationally driving a disc-shaped

recor di ng2edi Armh@éfédmnan@hmmdﬂﬂﬂ@rtﬁ@gtb@gbfr ecordi ng sidewall on whi-ch
signal information that can be discrimnated fromrecordi ng data IS

recorded, and Ea%ﬁgg d ngrc}fegﬁf Qﬁtﬁrae[’h* e&grenggr@ﬁig%e(ﬂ@rhaint G from the

di sc- shaped reco ng mne e conpri Sing optlca p| up neans

for castl a Ias bea or ned p am spots
ot o tre. el S SRR WReATHARN %?ﬁl&ﬁ%?ﬂ?’ BB R et e’ ‘%&ﬁ}

refl ected . nd ffracted on the_surface of the i sc-sh d. recordi

medi um  afiffVallfet detercrding %#@vmgr&ee&%@ﬂ% %F‘EJE}%WB‘? an |gnal

based on a return light of two tar(?et beam spots of t he mai n beam spot
and two stfiseiyoens spows 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




fromthe signal information recording sidewall; tilt detection neans for
detecting a tilt quantity based on the anplitude oftjybeé*qﬁahmggtected by
the anplitude detection neans; target val ue setting neans for setting a
target value for conpensation with respect to a tilt indication val ue;
data discrimnation neans for extractggng the recording data froman RF
signal based on the return light reflected and diffracted on the surface
of the disc-shaped 22 Decenber 2003 61 recordi ng nedium and discrimnating

R A N N e e R

tilt on the basis of a tilt error signal expressed as a differential val ue
bet ween tPESS AR i ndi cation value and the target value for conpensation
W th respect to the tilt indication value, wherein the drive signal

gener ati on mea®lesie®sivitdl meansdashd aretbe ghle pPofseise ab to @atedt te ameplitudawiia e
changing the tilt quantity on the basis of the drive signal; the tilt

det ect i onsigmed basefliondle telnen Tight fromdhecsipad infomhatenaecaréinpeiddivall. t o a change
inthe tilt quantity; and the target value setting neans sets the target

val ue on ghe bAsilsdeddctibRenciiddiconipidingaké &epsvstt ue found by the tilt
detection neans and a data discrimnation signal indicating the result of .

t he di i m i f t t i kLt t; :
i scri monat | orc kit 3'laich Dol SO GEC-tibel S Lk edhn HOWEG Yigng) |y 1
cl aim 23,. i

val ue i nd\ %%{aﬁéﬁ]f}%’?ggﬁ "‘li h‘(jﬁ%ﬁl}% “-'E?I fgc?lﬂ ggc%?cﬁné 409Ss r&Srdaldnl dnd dHloGRt ' ON

-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




differential value between the anplitude of a first signal, which is a

signal based on the return |ight fromthe signal inf igm rdi ng
sidewall in the case where one of the two target bea%@%%ets |?8%cat ed on

the inner circle side of the disc-shaped recording nediumthan the signal
information recording sidewal |, detected by the anplitude detection means,
and the anplitude of a second signal, which is a signal based on the
return light fromthe signal information recording sidewall in the case

where the other. one .of the t tar.get. beam spots is. . ocaied on the outer
Cirol e of G 1B 195 CEIERSe S05° GO PP JESCREBeteRED Bt stk ¢ han
the signal .infaormation recording sidewall, detected by the anplitude

det ect i oni¥REEaHon pecordipg sidewall @nthg mEdmum Wi phibchmplivadeef e sigmal in
claim 23, wherein the disc-shaped recording nedium has a nodul at ed gui de
groove anthsed noriherefuindightl frogu ttebesignad dnformbticer reaoming sidewiltadthelmseon, t he
nodul at ed gui de groove having its wdth or position nodulated on its both

si dewal | swhérbehd\RRerBatl Btlecht@ldn theQhup@Vi@rcldsitle BEtHRAlisRsHAbed edofiling t S bot h
sidewalls, with an area between the nodul ated gui de groove and the

non- nodul b&dnOhsl theltli SRY &@ﬁﬁﬂ&n%eafaﬂg%i&%ﬁ, bR @Rue W flde t he

nodul at ed gui de groove and t he non-nodulat ed gui de groove being used as a

recor di ngco%cqgenft%thrtﬁggﬁ]g'&&%gﬁﬁgrdi ng data therein, and wherein
In

addr ess ormation as e signal Thnformation is recorded on the signal
i nformati recording. sidewall. .26., The recordin di.um dr.i vi.ng devi ce as
cl'ai med | f-cl aiAniSeTipg dReiH ‘illféVLB%tdFté’&F fop IS AT IR Bk boam
spot to the nodul ated gui de groove or the non- nodul ated gui de groove, and
casts thereeqpding medisenhaying ¢ signal Heformetionarrgorsing pigawall onewhishtsignal v,
adj acent to the nodul ated gui de groove or the non-nodul ated gui de

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




groove to which the nmain beam spot is cast, the anplitude detection.neans
detects the anplitudes of signals based on the retury [béé:@mbé Sdodt he two
sub- beam spots fromthe signal information recording sidewal T as the
anplitudes of the signals based on the return lights of the two target
beam spots fromthe signal informati ogy recording sidewall, and the tilt
detection neans finds, as a tilt indication value indicating the tilt
gquantity, the differential value between the anplitude of a first signal,
which is . : . :S] - On -1 : ' om t he
signal in Séﬁiﬁ{%e%ﬁ% ce)'rﬁ ggizsgcggi}@iég%ﬂa@ﬁét?g%& 8@?@111%%@3 %%e%g?o H?e t wo
sub- beam spot.s i I_ocgt ed on the inner circle side of the disc-shaped
recor di ngreﬁ‘%r&ﬂﬁﬁa%&ﬂ the signal information recording sidewall, detected
by the anplitude detection neans, and the anplitude of a second. signal,
which is a si gfdYe Bgnabgensrationaneans forrgenpighing # done sigaaldpyerampensatissat i on
recording sidewall in the case where the other one of the two sub-beam
spots is libeatteelbams ¢fhetilt enbesignalraxbessidds aodifferentiai wduesheapweeh theddt di ng

medi um than the signal information recording sidewall, detected by the
anpl i t udeindiaged ivalueB@nNshe ZatgetThalué OO BinpendiEioh Uit riespiedg telalid aidt as
claimed in claim 23, wherein the disc-shaped recordi ng nedi um has an

i nner - si dg gL #4igd gui de groove and an outer-side nodul ated gui de groove
alternately provi c}ed t hereon, the inner-side nodul ated gui de groove having
t he signal inf ign recordi ng si dewal | {d L. onat he I nner
circle side of‘%l %Eeé}ndlalsccélg eaf‘)%ﬂgﬂr %%nggagl:sﬁgmen% i%%“ﬁish%f}t‘%% tshled(gpd(%{t;dul at ed
gui de groove having the signal information recaqrdj si dewal,| as a :
& tevar| DB drilchandas il Genthi e Bsh ahBE e SR g medi um wi t h
an area between the inner-side nodul ated gui de groove and the outer-side
nodul at ed gui die 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



groove being provided as a land portion, the |and portion being used as a

recording area for recording the recording data thergj ge@%r?ﬁﬁ ein
address information as the signal information is recorded on e signal

information recording sidewall. 28. The recordi ng nediumdriving device as
clainmed in claim27, wherein the optggal pickup neans casts the nmain beam
spot to the land portion, and casts the two sub-beam spots to the

i nner -si de nodul ated gui de groove and the outer-side nodul ated gui de
groove adpacent 1] es tively, .22 ) r..2003 64 the
anpl i tude{h%e‘flgéc#a ﬁ& Egcgkéf;}ﬂ e égﬂ:l% qﬁﬁeﬁ?ﬁ%&?ﬁtlulagog% %tfmns f%%@%ﬁigggﬁ’on t he
return |ight f the t up- beam spots fromthe signal information

recor di ngggg(f%‘a‘g%he,mﬁ’i\@'f‘%ﬁ%?qmg‘@s of the signals based on the return
lights of the two target beam spots fromthe signal information recording
si dewal | ,2and The reqordingapeddim shitvingadevigd aelaimed . elpim 23naihersin &1 val ue
indicating the tilt quantity, the differential value between the, anplitude
of a firsdisgshapedl resindiop nislian ks gnabdilasisd guide grbever atdua moh-ingliulstedom t he
signal information recording sidewall in the case where one of the two
sub- beam gyidé grdcivel Aeaidy Prodibel tHwnehn, tid flodulbiedenide Rve Babtipsitaped
recordi ng mediumthan the signal information recording sidewall, detected

by the anpldi YHSoHRbE GhddRhtdiEeH $is b%ﬂfisipiagﬂtﬁs[ﬂeggndhgﬁo@ﬁla@d %%ﬁf_egoéwna' :

which is a signal based on the return e sign ormation

di ' L.n.the . t th th -b
pot o 1 o T effAdu b SR PR HREIE. WG aR sV dbe bRERIAR S4% drng
medi um t han the signal inf er r’rgti 0 reco%?i ng si dewal | get ected by the
anpl i t udeBqRYSaR] 81 MRoamedulatsd gpite sraevs Bing Pravifdnasct Japd mytiRny iMEl as

claimed in claim 23, wherein the disc-shaped recording nmedium has a gui de
gr oove antie gnp%@e@)mdeogoqu 8t fheengn-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




provi ded t hereon, the guide groove having the signal information recording
sidewall on one of the inner circle side and the outerpeidnilep 28bgle of the
di sc-shaped recording nedium wth the guide groove and the |and portion
bei ng used as recording areas for recording the recording data therein,
respectively, and wherein address infggnmation as the signal information is
recorded on the signal information recording sidewall. 30. The recording
medi um driving device as clainmed in claim?29, wherein the optical pickup

means cas Eignéihﬁsmx{'ﬂﬁ%étﬁh?ﬁ%g ft&n ttﬁke%igxgah qll?foﬂﬁ@cﬂ)‘ﬁere%rdlhﬁlg%[icgeﬁ\g!ﬂ ig4pdecenber

2003 65 portion, and casts t two su eam spots to t portions or

t he gui de_gr.Qqv r tivel adjacent to.the |and portion or, the guide
aroove ¢ ook lery Rae RERRTRLE- o B Flben & e Bt GRS S8R o mmans
detects the | i.tudes,. of signalsg based on the, refurn lights of the two
sub- beam glﬁﬁglgyﬂefiolfﬁc?’ﬁlé“% i“ﬂﬁﬁig@“i a’F’Br &r‘ﬁt sighaly pmntiog resp IsllqOe s t he

anplitudes of the signals based on the return lights of the two target
beam spot getpetednby ke gmplisidei detentiontmennss awbthti smyplitudenhlal secomd sighd, ti | t
detection neans finds, as a tilt indication value indicating the tilt
quanti ty, whivh idi 4 fignelnbased onatheectued \lighh fivhe ttengipndl Udforohtien técostingi gnal ,
which is a signal based on the return light fromthe signal information

recor di ngsidewlgal theidasd Where GRS 6thehBREot the tWBisibBeAspH9ls iotate@ealtgg on the
inner circle side or the outer circle side of the disc-shaped recording

medi um t h i ivaf 8L et i i o S At - t he
anplit udeégkg{ gg(fl?os%ﬁan%faﬁfsg, (ﬂgﬁdpg&; ré‘%g@f‘g J@gh%l?‘ tg%)é@{l:éo%l ﬁsﬁg&ﬁgﬁ%MMi chis
f he.signal information recording

i | h | i,gh
2i Zlegvg?l Fe%&ff‘]ﬁn Oc}%ésv%ﬁmgtt?é{%‘ghgl atl?m}rgg{n LB B¥4R spots is | ocated on the

outer cirgle s'ge or t.he inner circle side oI_the_disg-shaped recordi ng
medi um t hg t hi e recording medium driving device 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,



signal infornmation recording sidewall, detected by the anplitude det ecti on
nmeans. 31. The recordi ng nmedium dri vi ng devi ce as cl aé %‘f“{hieﬁ

wherein the target value is an arbitrary preset value. € recordl ng
medi um driving device as clainmed in claim?23, wherein the target value is
a value recorded in a control infor ion recording area on the disc-
shaped recordi ng nedium 22 Decenber 2003 66 33. The recordi ng nedi um
driving device as clainmed in cI ai m 23, further corrpri sing drive signal

generationrre sfo v i gnal.. for ng.a tilt on
the basis of ?lafnﬂ’ B’%Fgluﬁ{eg é) %@%&ﬁg@@mﬁ% cﬂf %B]g‘ﬁ} 4 %gf Se

bet ween the t| |t indication vaI ue and a _ target val ue for conpensation with
the tilt reiusdilights @h thaltwe. subeaph sppiscBem; ﬂg rgaelufAfermaliongregeiditge as
claimed in claim33, wherein the optical pickup neans is controlled so as
to nmake tddewall, as thedingplitidas of dheisigedlo basetl @nt the retur lights ofithedwortanghle basi s
of the drive signal generated by the drive signal generation neans. 35.
The r ecortshafngspaBdiaimticy Jipiah thiokevition rédrdih@bidedlall,andl ai m 33, further
conprising waveform equal i zati on nmeans for perform ng waveform equalization

processing on @8 +fF dSiegid nRASEHnA8 4hg tmewléhubhgmuer ﬁfdh@aﬁhg%@nﬁt

diffracted on the surface of the disc-shaped recordi ng nmedi tm wherein the
wavef or m I 0, a' d t41en i s of
the ti1t GHgh. é?%ﬁ%%#ﬁg L3S %eh%%p- W AR T R o8l by 87

g,glt ﬁchl(ggnrﬁlg%ﬁ;?g%ﬂ&%t Iéthlglgwerﬁ ﬁ{g:smgna ;rflegl%n recorﬁmg suﬁaw%l rtﬂ(?d by a

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,

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




onto a di sc-shaped recordi ng medi um having a signal information recarding
sidewal | on which signal information that can be di sgrhddcheedodd om
recording data is recorded, and receiving a return light reflected and
diffracted on the surface of the disc-shaped recording nedium 22 Decenber
2003 67 detecting an anplitude of agignal 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 a tilt quantity on

the basis of. the,ampli,tude of .t he detected,signal. rein.a target val ue
for conp ??’C?Hd\)ﬁg’tﬂﬁ ETROR 'QGSmaSpto%sl 0 tﬁﬁmgﬁrhﬂlsv%ﬂﬁg giu{saes%??ve\g\her ei n
the recording data js extracted froman RF signal based on the return

li ght reflegRecivelwradiasenirtp he land portionor dhe guide Ve Hewhich dhesmaibRfaecor di ng
medium and a data detection capability with respect to the recording data
i s discrigpohistoest, and optical pickup means for casting a | aser beam formi ng
the main beam spot and the two sub-beam spots on the disc-shaped recording

medi um and f orthe @apilitidegletebtion frehny detédtgite anapliteddsad siprdlsdiahéd antled on t he
surface of the disc-shaped recording nmediumis driven while changing the

tilt quanfhiry 1Rasedrafe awdr Eﬁ’rﬁbéing!'&?btsf f6m GRBRASALHBEnAich! tdcotiied on a
|

tilt error signal expressed as a differential value between the tilt
o oot Ry SRSy AmATshe BLUPoL A AOTEREIO A8, 40 iRt 10 o
012t o MALUR RS Lourand B, date, i secimngy on sional ndicating
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

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.




37. The tilt detection nethod as clainmed in claim36, wherein the
differential value between the detected anplitude Of%zaDE#én%erﬁb@é‘al , wWhi ch
In

is a signal based on the return light fromthe signa ormati on
recording sidewall in the case where one of the two target beam spots is
| ocated on the inner circle side of the disc-shaped recording nediumthan
the signal information recording sidewall, and the detected 22 Decenber

2003 68 anplitude of a second signal, which is a signal based on the return
li ght fromthe signal. information.recording sidewal.l in t o where the
ot her oneg%f t hge ¢ m?%ﬁgﬁFﬂ“%%éﬁv?ﬁ%@wag‘%OEEFB%?d% aHE téﬁagﬁ}cle si de
of the disc-shaped, recording nedium than the signal informatiaqon recording
si dewal | , SQUapPHSiRMm Are signpl 2enefaiemhrmennsy ity @ensraing: & idsyet pignglj for
gquantity. 38. The tilt detection method as clained in claim36, wherein the
di sc- shapeampansaigdi il ontiei hasislofs tidt anwd signelcakprpasedas ghaodiffereatial alue

non- nodul ated gui de groove alternately provided thereon, the nodul ated

gui de gr obsteedrnvientltiihdicaromt Yales ambai thigen valiodot asmpenationt withahd tii dewal | s,
t he non-nodul at ed gui de groove not being nodulated on its both sidewalls,
W th an ap@faleh wags the nodul ated gui de groove and the non-nodul at ed
gui de groove being provided as a |land portion, with the nodul ated guide

groove ang,t he - Eﬂ gqu? g e i e i Ng area
for r ECOI‘%ILI’IQ Ft[ﬁée)qj?deggcg#%?%g ata e?ée)‘?%? aéeigfa%&ej?le?l%ﬁlz&gi gfshgpe%irl n é(;r mat i on
as the signal,information is recorded on.t jgnal information recording
o dewal | B35l RS FRensiacatied B o doanass s B HfeadeR R LFTHOR o fier e n e
mai n beam spot _is cast to the podul ated gui de groove or. the non-nodul ated
gui de gr otsvgst valyg oprbe bags ok the-Bvsrsignsbeenespted by dhe dive signal \ggneration
portions, respectively, adjacent to the
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;




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 phamiveds | ights 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 beamgpots 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 si gnaker il Hiudei0l Al ERLARRE betbfh REHR of 65 farpiticRimone Of

the two sub-beam sp | ocat ed the inner circle side of the

di sc-shaped.re din di um.th the,signal_ in rm}i K J

si dewal | ,Spé’rtlsd Ogﬁ%e m&g} g%atx% oérfaﬁl?ir}f”l?clsélbgqfeg% ‘léf)é)l(t:SOné) Si gen%&}ai\?\ﬁi#a@ﬂ&lﬂ% a signal
based on the return light from the signal information recording sidewall
in the caS8oMER9e¥l 82ther one of the two sub-beam spots is |ocated on
the outer circle side of the disc-shaped recording nediumthan the signal

i nformation reédedingg tdt grantity on the basiseicthe smalitude of thedietegter signal al ue
indicating the tilt quantity. 40. The tilt detection nethod as clained in
cl ai m 36, wherwhereinhetadges valmh daechbmpeacaiodi with respéctito h st indicatimmevalwd de

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

al t er nat ejgjefr ovi ded thereon, the inner-side nodul ated guide groove having
the signal information recording sidewall as a sidewall on the inner

circle side ofywhRing GecdiAfE ot 3 BLiEHoR ARAIHRE LRl BRIl ol qedipflul at ed
gui de groove having the sig a? i nformation recorcf ng sidewall as a E
si dewal | th er, .&ircle sjide of t di.scshaped recor di. ium :
b an oPey Bl it G f Subler sh R E6 GRRRE I BE0ReUAR FRE
outer-s dg dgcg.?igtlegégndca%lé%iﬂety \%{t}? ?evsgectt) ?cl) nge rgcro? LIng ?igta?ss 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



a land portion, the land portion being used as a recording area for .
recording the recording data therein, and wherein adgygssniddfopgation as
the signal information is recorded on the signal information recording
sidewal | . 22 Decenber 2003 70 41. The tilt detection nethod as clained in
claim40, wherein the main beam spot 68 s cast to the I and portion, and the
two sub-beam spots are cast to the inner-side nodul ated gui de groove and
t he outer-side nodul at ed gui de groove adjacent to the |and portion,
respecti Vﬁﬁpditu&ehﬁf é@édnh%‘i'%&l,ox_ﬁvhﬁh%‘%' ﬁg@ﬁ%ﬁ%do& therdhgh Ulght loah e of the
two sub-beam spots fromthe signal information recording sidewall are
detected [ . . S] t i.ghts of
s?élbaﬁe pﬁ'%r%{gﬁoh r&?)g&’lpg élrcrl:é%%lé ng #hg P}:g%eswﬁé%? A Qe S oF Bl tgllgg\h

the two ta eam spo ormati on recording-sidewal |,

and the differentjal value between the detected anplitude of a first

si gnal , WPfREHSROLS 15 Ogata%a fﬁ%g‘étar Gitcle sider Pﬁhﬁﬁ-%ﬁ?edf TS mE iy
information recording sidewall in the case where one of the two_sub-beam
spots is thaedhegiserl infamatine reeqrdiagesidgwrdl, ds found agpdtdt sndigadiony wdes di ng
medi um than the signal information recording sidewall, and the detected
anpl i t udeindicatingsthe diltdjuentifyal , which is a signal based on the return |ight
from the signal information recording sidewall in the case where the other

one of thsg.t WoThes til-deeethibs fRétBod s Ik Gn @Mkitnh®6, oMb@EinClhe dig-sapel of t he
di sc-shaped recording nediumthan the signal information recording

si dewal | ,mg@{r%ﬁgédieﬁ 1fas el thbddidl %gfd-e%oo I Gy h&ghﬁﬁﬁfafbﬁ ik Eboble

quantity. tilt detection thod as clainmed in clai'm 36, wherein the

. SheBA TSR TR A0 PEBNENAOR B MR P

I nformat il’(l:’)lgdllilgt%g ' gl!l ni s ﬁaio%?\,\é%éwa?lg, %Qee I%fn-l‘g‘lgguliatg e,crguide 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




circle side and the outer circle side of the disc-shaped recordi ng nedi um
with the guide groove and the |and portion being usegh pgcdBESH@Bpeg ar eas

for recording the 22 Decenber 2003 71 recording data therein, respectively,
and wherein address information as the signal information is recorded on

the signal information recording sidessall. 43. The tilt detection nethod as
claimed in claim42, wherein the main beamspot 1is cast to the guide
groove or the land portion, and the two sub-beam spots are cast to the
| and por t4;gihss BhseliNéh Ot BRuBT REMEOf 1 SRAC 3R BLamP SHAS Fim Re kipgal and

portion or the guide groove to which the main beam'spot is cast, the

anpl i tudeﬁfoq;naﬁ&?%?%%%aﬁ?g&aﬂnaﬁ@e return lights of the two sub-beam spots

fromthe signa on récording sidewall are detected as the

anplitudes of the...signals based op t return. lights.of .the two target
beam spots fro gﬁé“%‘ﬁ’ﬁﬁé’l‘ﬁue ?ﬂ"’&?’hﬁ‘t"'i‘g%qe@c?&?g’i“ﬁtf ngao@'\ﬁfafflg',‘a?’a"ﬁ%w]i‘ te
differential value between the detected anplitude of a first signal, which
is a sighiiendhaid arihe prurpdight Fom;the signaldpformatias wweending Mdswadhin dhe
recording sidewall in the case where the nmain beam spot is |ocated on the
i nner ci reise vdietkeorsr oft the twutseb-beamaipets isilamtadf ort e idheceisfimpidd of dloor di ng
medi um than the signal information recording sidewall, and the detected
anpl i t udedigd-stapsd eebfllind HBdLM hik €l sighaBir$orgidion bededingsidewall, andtthg n | i ght
fromthe signal information recording sidewall in the case where one of

the two sylshePIMARBISO SsebRPliSithi RNt % LYERI BabddidrPthg rdBmigH: ltﬁ%lﬂ nner

circle side of the disc-shaped recording nediumthan the signha

i nformati ' .S Jood g i ndi [ v e
i cati rigeelea o dh aR Rl sloBal % it A fukls s Mgl & e 1
cl ai m 36, erein the ar(t:jet vatllue IS an. ar it{:&ﬂ;gf reset val ue.

sub-beam spots 1s located on the outer circle side o 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.



22 Decenber 2003 72 45. The tilt detection nethod as clained in clai.m 36,
wherein the target value is a value recorded in a comnstembehoppmti on
recordi ng area on the disc-shaped recording nedium 46. The tilt detection
method as clained in claim36, wherein a drive signal for conpensating a
tilt is generated on the basis of a t¥0t error signal expressed as the
differential value between the tilt indication value and a target value for
conpensation wth the tilt indication value. 47. The tilt detection nethod

as cl ai medlin Thatmdéfctinhmetion a@Rlairiéd iniiskiu, WiRRGS tehaimachMGpdt | aser
beam form ng a mai n beam spot and two sub-beam spots on the disc-shaped

recor di ngisngd} %Hn&?cnﬁn{j giz?rt'i&lc% itﬂg.&g%uﬁ%%éé}g”srp'oisg iéﬁgtf {r?gg}eeﬁlnér@ﬂde

diffracted on the sur e of the disc-sha ecor rumis controll ed

basts of PREUHIBI phol (R She" By PeuBEd e’ lekBattenfatfed i n

cl aim 46, mﬁerein ain adjustnent in waveform equalization processing on
an RF sigﬁ& PRUOBITERECHERYr eturn 1ight reflected and diffracted on the
surface of the disc-shaped recording nediumis carried out on the basis of
the tilt errorthsiagmditudes of Banasbated 200Be FRumBZIRACThAve piti-beim shcde

repr oduci ng device 10 has an optical pickup 11 for reading out digital

dat a recofrdecthesignal imfdrimatibn décvedingsidawpll iateidtedal actheamplitidagidf tA8 f or
detecting the anplitude of a wobbl e conponent signal passed by a band pass

filter 1dsigadd basdd bh thelebBAT 1ights dHBCtve/ MrE& bt spsts ARen dhé WGl gnal
generation circuit 23 for carrying out
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 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




detection of the tilt quantity. In the optical disc reproducing device 10,
a | aser beam is cast by the optical pickup 11 onto agp p&ddnsstr 206$C havi ng
a recording area with its one sidewall wobbled in a predeterm ned cycle,
then the anplitude of each wobble conponent signal based on a return |ight
in the case where the | aser beamis Ipcated on the inner circle 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 val ue

of the apRbidiniegatafthértm, &@Ew%iw%nm@n GAMRAN Bt mhigA Ak Shé Sighgund as a
tilt indication value by the til't detection, target value setting and

drive si 9RgbmAflG & ltOAedbh fis sﬁgn%iainfonnation recording sidewall.

43.  The tilt detection method as claimed in claim 42, wherein the main beam spot
is cast to the guide groove of the land portion, and the two sub-beam spots are cast to
the land portions or the guide grooves, respectively, adjacent to the land portion or the
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
signals based on the return lights of the two target 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.
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45.  The tilt detection method as claimed in claim 36, wherein the target value is a
value recorded in a control information recording area on the disc-shaped recording
medium.

46.  The tilt detection method as claimed in claim 36, wherein a drive signal for
compensating a tilt is generated on the basis of a tilt error signal expressed as the
differential value between the tilt indication value and a target value for compensation
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.






