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AND METHOD FOR CGENERATI NG TRACKI NG ERROR SI GNAL CRCSS
REFERENCES TO RELATED APPLI CATI ONS The present

i nvention contains subject matter related to Japanese
Pat ent Application JP 2004-168462 filed in the
Japanese Patent O fice on June 7, 2004, the entire
contents of which are incorporated herein by
reference. BACKGROUND OF THE I NVENTION 1. Field of
the Invention The present~ihvention relates to an
optical head suitably used for an optical recordi%¥§0704
medi um having a plurality of information recording
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BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to an optical head
suitably used for an optical recording medium having a
plurality of information recording layers, an optical drive
apparatus including the optical head, and a tracking-error-
signal generating method.
2. Description of the Related Art

As recording media on and from which digital data is
recorded and reproduced, optical discs {(including
magnetocptical discs), such as CDs {compact discs), MDs
{mini-discs), and DVDs (digital versatile discs) are known.
An optical disc is & general term of disc-shaped recording
media, in which laser light is applied on a metal thin plate
protected with plastic, and signals are read on the basis of

changes of reflected iight.



Optical discs include read-only discs such as CDs, CD
ROV, and DVD-ROVE, and writable discs on which user
data can be witten, such as Mbs, CD-Rs, CD R\,
DVD- Rs, DVD- RW, DVD+RWs, and DVD- RAMs. Data can be
recorded on witable discs by, for exanple,
magnet oopti cal recordi ng, phase change recording, or
dye-fil mchange recording. Dye-film change recording
is also called wite-once recordi ng because data can
be recorded thereon only on¢e; and this recording
method is suitably used to store data. In contra$P>5P0704
magnet oopti cal recordi ng and phase change recordi ng
al | optidal alirsesr Hhiehgde ancshdiasrd walki s6HSsappl 4 € aAtlisgnsp-
for exanple, recording of various content data such
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mééne§g§5919a1 recording and phase change recording allow
date rewriting, and have various applications, for éxample,
recording of wvarious content data such as music, pictures,
games, and application programs.

Furthermore, high-density optical discs, calied Biu-ray
Discs, have recently been developed to markedly increase the
recording capacity.

High-density discs, such as Blu-ray Discs, include a
cover layer of 0.1 mm in thickness. In the discs, phase
change marks are recorded and reprcduced by using a laser
with a wavelength of 405 nm (a so—called blue laser) and an
objective lens having & numerical aperture (NA) of 0,85 in
combination. When the track pitch is 0.32 Mm, the linear
density is 0.12 um/bit, a data block of 64 KB (kilobytes) is
a unit of recording and reproduction data, and the format

efficiency is approximately 82%, approximately 23.3 GB




(gi gabytes) of data can be recorded on and reproduced
froma disc having a dianmeter of 12 cm Wen the
linear density is set at 0.112 nibit w thout changing
the format, 25 GB of data can be recorded and
reproduced. By providing a plurality of recording
| ayers, the capacity can be increased. For exanple,
when two recording |ayers are provided, the capacity
can be increased to double the above-nentioned
capacity, that is, to 46. & or 50 GB. SUWARY OF
THE | NVENTI ON A push-pul | error signal detectionS05P0704
nethod is typically wused to generate a tracking error
(cSiggbglkesd dhalata ldaghbe spobrdégppldrednon raproptitedl from a
disc can trace a spiral track provided on the disc,
diper haxanpl @, dangteek of ol gedMof a gui de groove or a
line of pits., In the push-pull nethaod refl ected
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SUMMARY OF THE INVENTION

A push-pull error signal detection method is typically
used to generate a tracking error signal so that a light
spot applied on an optical disc can trace a spiral track
provided on the disc, for example, a track formed of a guide
groove or a line of pits. In the push-pull method,
reflected light diffracted in accordance with the shape of
the groove is received by, for example, a four-divided
photosensor (A, B, C, and D) shown in FIG. 10 tc detect an
interference distribution between O-order diffracted light
(main beam) and fl-order diffracted light {side beams),
thereby generating a tracking error signal.

As a method for :educing the influence of the change in
amount of light, lens offset, and disc tilt on a push-pull

error signal, for example, U.S. Patent No. 4,775,968



In this nmethod, eight photoreceptors A, B, C, D, E, F,
G and H shown in FIG 11 are used as an exanple. Mre
specifically, a differential push-pull error signal is
obt ai ned by subtracting the product of the sum
(E-F)+(GH) of push-pull signals (E-F) and (G H)
obtained fromtwo side beans and a coefficient froma
push-pul |l signal (A+B)-(C+D) obtained froma nain
beam 1In optical-disc recording and reproducing
apparatuses that apply a~nhin beam and si de beans
the intensity ratio of the main beam and the si @5P0704
beans is often set at approximately 10:1. Wen data is
disclorseed aod 1 Aher¢retpiald yost -bndin de tth stcl orhaneithgda
plurality of recording |ayers, such as a double- |ayer
di sén éblﬁkW%¢QQ§d|Qﬁ$ %t R OF@¥$Qﬂﬁqﬂfﬁaﬁobﬁen?oc%tn@y E,

For exa en_a | jght Sgaﬁdls a n one

Gi 6t daf 8Hnrb’6o]?]dq’hg”1 53?& a3y Ie’eX &r di'gge

t 0 0 g r xtra
Ség&%%ﬁﬁ%&é§ Ilg%ﬁffstrayEﬁ"gﬁgb g?%%w e o#ﬁ Al 18
oMHlQ{éaﬂﬁoyoguB\@EQé@irw tHAYebahBat of SchOtsd® (ReF) + (G-H)

accessed’is also detected by the photoreceptors

obesatseuilt bsgahfdi mHE) taddsepanpt sotdienst rfaym kiwvghside
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standardi zes a differential push-pull error signal by
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pom%% Eggic§§ggf¥éu%ecording and reproducing apparatuses
that apply a main beam and side beams, the intensity ratio
of the main beam and the side beams is often set at
approximately 10:1.

When data is recorded on and reproduced from a disc
having a plurality of recording layers, such as a double-
layer disc, at this setting, the following proklem occurs:

For example, when a light spot is applied on one
information recording layer of a double-layer disc that is
to be accessed for signal reproduction, extra reflected
light (stray light) ffom.the other information recording
layer that is not to be accessed is also detected by the
photoreceptors because it is difficult to separate the stray
light.

This phenomenon is also called interlayer stray light.
In an AGC (automatic gain control) circuit that standardizes

2 differential push-pull error signal by the disc



reproduction, interlayer stray light of a main beamis
~detected by the photoreceptors for side beans, and
this nakes the standardi zation of the error signa
i naccurate. Consequently, a proper tracking error
signal is not ensured, and servo controllability is
reduced. In view of this problem it is desirable to
prevent the accuracy of operation of a differentia
push-pul |l error signal from decreasing during
recording on and reproducti®n~ froma nultilayer disc.
An optical head according to an enbodi ment of theS0520704
present invention includes a |aser |ight source; an
rafitdcdainces pst ehe thwatigariedupescd- o6 flerechirddfihacbed
light, +1-order diffracted light, and -1-order
r%ﬁ#tfd%@tl@@ | igher¥avnn Isasey ng@htO%rﬁ made Peam ide
| aser |ight source, that fornms an _optical path for
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| An optical head according to an embodiment of the
present invention includes a laser light source; an optical
system that produces 0-order diffracted light, +l-order
diffracted light, and ~-l-order diffracted light from laser
light emitted from the laser light source, that forms an
optical path for applying the O-order diffracted light, the
+l-crder diffracted light, anrd the -l-order diffracted iight
onto a recording medium having a plurality of information
recording layers, and that forms an optical path for guiding
reflected light from the recording.medium; and a light-
receiving device for receiving and detecting the reflected
light guided by the optical system. The light-receiving
device includes a first light-~receiving section divided at
least in a tangential direction of a recording track on the

recording medium to detect reflected light of the O-order



~divided at least in the tangential direction of the
recording track on the recording nediumto detect
reflected |ight of the +1-order diffracted |ight and
reflected light of the -1-order diffracted |ight, and
athird light- receiving section provided near at
| east one of the second |ight-receiving sections and
at  a position such as not to receive reflected |ight
of the O-order diffracted light, reflected Iight of
the +1-order diffracted Iirghty and reflected Iight of
the -1-order diffracted light froma target 505P0704
i nformati on recording |ayer of the infornmation
dirfefeicdicag 1 gy er stw® fcaecesgrdrrébeiditg Gections
light-receiving section receiving stray |ight
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sections, 7. SO5P0704 . An ogt|cal drive gppar at us
r%ﬁﬁﬁﬁ%??nélﬂﬁtaﬁ%tW&ﬁ t+l-crder diffracted light, and

reflected light of the -l-crder diffracted light from a
target information recording layer of the information
recording layers to be accessed, the third light-receiving
section receiving stray light reflected from one or more
information recording layers other than the target
infermation recording layer.

Preferably, the third light-receiving section is
disposed at a position such as to substantially uniformly
receive stray light of the 0-order diffracted light{ stray
light of the +l-order diffracted light, and stray light of
the -l-order diffracted light reflected by the cone or more
information recording layers other than the target
information recording layer.

Preferably, the third light-receiving section has an
area equivalent to the area of photoreceptors of the second

light-receiving sections.



enbodi nent of the present invention includes an
optical head that applies laser light onto a
recordi ng medium having a plurality of informtion
recording layers and that detects reflected |ight
fromthe recording nediunm a signal generating
circuit that generates a focusing error signal, a
tracking error signal, and an information signal on
the basis of the reflected |light detected by the
optical head; a reproductibmrcircuit that obtains
reproduction information by processing the S505P0704
i nformati on signal generated by the signal generating
Ci renidptiand arseevepsirLuid ddatrdpagf s Enodeeusi ng
servo operation and tracking servo operation
em@@démthQOfdﬂmh@rhaeu$ihgvemtbm1éhgﬁaheandnt¢§¢ical head
tracking error signal generated the signa
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medium and a light-receiving device for receiving
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ge%%@é&lh& é&%@&&%”%&%‘a servo circult that performs
focusing servo operation and tracking servo operation
according to the focusing errcr signal and the tracking
error signal generated by the signal generating circuit.
The optical head inciudes a laser light source for emitting
the laser light; an optical system that produces {0-order
diffracted light, +l-order diffracted light, and -l-order
diffracted light from the laser light emitted from the laser
light source, that forms an optical path for applying the 0-
order diffracted light, the +l-order diffracted light, and
| the -l-order diffracted light onto the recording medium, and
that forms an optical path for guiding the reflected light
from the recording medium; and a light-receiving device for

receiving and detecting the reflected light guided by the

optical system. The light-receiving device includes a first




direction of a recording track on the recording nedi um
to detect reflected light of the O-order diffracted
light, two second light-receiving sections divided at
|l east in the tangential direction of the recording
track on the recording nediumto detect reflected
light of the +1-order diffracted 1light and reflected
light of the -1-order diffracted light, and a third
i ght-receiving section provided near at |east one of
the second light-receiving 8ettions and at a position
such as not to receive the reflected |ight of thes05P0704
O-order diffracted light, the reflected light of the
1ightorreeeivihf f saediet ldightiecant 1dwest dfd ectedgkhghil of
the -1-order diffracted Iight froma target
dijgefadrdeat ponareeoraiiny Itapek oof thdardavingimat meAium to
recording |layers to be accessed, the third .
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diffracted light, the reflected light of the +l-order
diffracted light, and the reflected light of the -l-order
diffracted light from a target information recording layer
of the information recording layers to be accessed, the
third light-receiving section receiving stray light
reflected from one ore more information recording layers
other than the térget information recording layer. The
- signal generating circuit generates the tracking error
signai in a differential push-pull method on the basis of
detection signals from the first, second, and third light-
receiving secticns in the optical head.

Preferably, the signal generating circuit generates a
push-pull signal for the O-order diffracted light from the
detection signal from the first light-receiving section,

generates push-pull signals for the +l-order diffracted



signals fromthe second |ight-receiving sections,
st andardi zes the push-pull signal for the 0-order
diffracted |l|ight, the push-pull signal for the
+1-order diffracted 1light, and the push-pull signa
for the -1-order diffracted 1|ight, generates the
tracking error signal by operation on the
standardi zed push-pull signals, and generates, from
the detection signal fromthe third |ight-receiving
section, standardization-sPgnals used to standardize
the push-pull signal for the +1-order diffracted05P0704
light and the push-pull signal for the -1-order
1ijHt mact edel +ohdrddr efiarably edt hegist afrdar dhzatie@action
signals are generated by subtracting the product of
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signal for the -l-order diffracted light.

Preférably, the standardization signals are generated
by subtracting the product of the detection signal from the
third light-receiving section and a coefficient from the sum
of the detection signals from the second light-receiving
sections.

A tracking-error-signal generating method according to
a further embodiment of the present invention is provided
for an optical drive apparatus having an optical head. 'The
optical head includes a laser light source for emitting
laser light; an optical system that produces O-order
diffracted light, +l-order diffracted light, and -l-order
diffracted light from the laser light emitted from the laser
light source, that forms an optical path for applying the 0-

order diffracted light, the +l-order diffracted light, and



a plurality of information recording |ayers, and that
forms an optical path for guiding reflected |ight
fromthe recording nedium and a |ight-receiving
device for receiving and detecting the reflected
l'ight guided by the optical system The
light-receiving device includes a first |ight-
receiving section divided at least in a tangentia
direction of a recording track on the recording
mediumto detect reflectedl irght of the 0-order
diffracted light, two second light-receiving se&G>8504
divided at least in the tangential direction of the
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a rEfdredtiés bF gt fofmatien- teopdeingi ¥dyeaact,edntli ghet &omgns
a third light-receiving section provided near at

an éﬁ’é’—tlcéﬁepé‘ﬁh fore ®EEéng rrihectetel ity f56Bt FBRs and

osition such to recelve r
= qosR Pt mENom: ittb JAPRFF HETEa TR Ehe BT T 66 bHi ™S
e, t d
i A s ahPr e S et AR S P B8 pb BBt o
sf%ﬂé%fge&hbniiﬁﬁ%uﬂéEél&%%arQé@gcéayﬁﬁludgé %h%lrst llght—
i nformati on recording |layers to be accessed, the
réduuvinb|ghbtt@medmuﬂd@dsect&eastermlawugpganmaylldghéctlon
refl ected fromone or nore information recording

oﬂayeﬁsordﬁhertIMdncnh@hpargeprdtmqwmﬁﬂﬁumwtpedata¢hg
yer. The _tracking-error-signal generating nethod
r%ﬂacef&és light spepd® Grogerar ﬁﬂf ﬁ@a%t%slﬁgﬁmw CEpgRgFond
e 0-order diffracted 05P0704 _Light from
e R e S R

directicon of the recording track on the recording medium to
detect reflected light of the +l-order diffracted light and
reflected light of the -l-order diffracted light, and &
third light-receiving section provided near at least one éf
the second light-receiving sections and at a position such
as not to receive the reflected light of the 0-order
diffracted light, the reflected light of the +l-order
diffracted light, and the reflected light of the -l-order
diffracted light from a target information recording layer
of the information recording layers to be accessed, the
third light-receiving section receiving stray light
reflected from one or mere information reccrding layers
other than the target information recording layer. The
tracking-error-signal generating method includes the steps

of generating a push-pull signal for the (O-order diffracted



section; standardi zing the push-pull signal for the
O-order diffracted light; generating a push-pul
signal for the +1- order diffracted Iight and a
push-pul |l signal for the -1- order diffracted |ight
fromdetection signals fromthe second
i ght-receiving sections; generating, froma
detection signal fromthe third |ight-receiving
section, a standardization signal used to standardize
the push-pull signal for-thle <+1-order diffracted
light and the push-pull signal for the -1-order S05P0704
diffracted light; standardizing the push-pull signa
1ighit thentb- aedeetdbd f4ianiad firbghthanth tdve 1ipwshrpuél ving
signal for the -1-order diffracted light by using the
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push-pull signal for the +l-order diffracted light and the

push-pull signal for the -l-order diffracted light by using
thé standardization signal; and generating a tracking error
signal in a differential push-pull method by operation on
the standardized push-puil sigral for the O-order diffracted
light, the standardized push-pull signal for the +1-order
diffracted light, and the standardized push-pull signal for
the -l-order diffracted light.

Preferably, the standardization signal 1s generated by
subtracting the product of the detecticon signal from the
third light-receiving section and a coefficient from the sum
of the detection signals from the second light-receiving
sections.

That is, the third light-receiving section detects

interlayer stray light. The standardization signal used to



the detection signal fromthe third Iight-receiving
section in order to reduce the influence of the
interlayer stray |light. According to the enbodi nents
of the present invention, it is possible to reduce an
error of an operation coefficient when generating a
tracking error signal in a differential push-pul

nmet hod caused by interlayer stray |[|ight during signha
recording on or reproduction froma nultilayer disc.
That is, the influence of- ildterlayer stray |ight on

push-pull signals for 1-order diffracted |ight i $05P0704
reduced in standardi zation by detecting and using the
stshaydikbghke t -geRe-abier ar St BeWlaridinzat k0geSé gaedd USesh
to standardize the push-pull signals for the 1-order
thei Bertectédn| $igital Mrca specthirdllightt-lreceiving section
~standardi zation signal is generated by subtracting
it Redgrodiacredics thet eafilvAnse ghhl the stgy LRYgRL stray
nponent) fromthe third light-receiving section and
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sections (push-pull signals for 1-order diffracted
cddfght) enThiwBen aphicavesngt andasdkzad iedron shghessin a

i nfluence of interlayer stray light. 13 S05P0704
diCdrsenueént | gustifreilgemethabionaofed Ly dokengagerostray
lfgh%nghring signal recording on or reproduction from a
multilayer disc. That is, the influence of interlayer stray
light on push-pull signals for fi-order diffracted light is
reduced in standardization by detecting-and using the stray
light to generate a standardization signal used to
standardize the push-pull signals for the *l-order
diffracted light.

More specifically, the standardization signal is
generated by subtracting the product of a detection signal
(stray light component) from the third light-receiving
‘section and a coefficient from the sum of detection signals
. from the second light-receiving sections (sum signals of *1-
6rder diffracted light}, and is used to standardize the
push-pull signals of the second light-receiving sections
{push-pull signals for *l-order diffracted light). This

achieves standardization with less influence of interlayer

stray light.



in the differential push-pull nethod is also optimnmzed
for multilayer discs having two or nore recording

| ayers, a stable tracking servo control is achieved,
and the performance of the device is inproved. In
order to effectively reduce the influence of
interlayer stray light, preferably, the third |ight-
receiving section is disposed at a position such as to
substantially uniformy receive stray |light of the
O-order diffracted light, iStray |ight of the +1-order
diffracted light, and stray light of the -1-ordé&03r0704
diffracted light reflected by all infornmation

r ecobdsagudmyny,s thlatieAt Latidn 40 herackesgeskrayr dimal

phot oreceptor of the third light- receiving section
irhddeaniffencriyial giemt-rudlt hetlavdal falsphobbivtept of e

of the second |ight-receiving sections. BRI EF
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explanatory view showi ng a cross- sectional structure

of tﬁeoﬁﬂéﬁ;td:le@fe%eibél?nr@dﬁm@r@'ﬁeor:i.Yx_fY.h@M\bérEQLW' ng

the structure of a one-lTayer disc having one
imrecdpgengstayerlidht, SebPEY841y Flhe 3Biirsl anght-

expl anatory view showing the structure of a
regwiyliagl agetiel s tHviprgetwet r @ cordi tign gyehsas to
substantially uniformly receive stray light of the O-order
diffracted light, stray light of the +l-order diffracted
light, and stray light of the -l-order diffracted light
reflected by all information recording layers that are not
to be accessed, or the photoreceptor of the third light-

receiving section has an area eguivalent to the area of

‘photoreceptors of the second light-receiving sections.

BRIEF DESCRIPTICN OF THE DRAWINGS

FIG. 1 is a block diagram of a disc drive apparatus
according to an embodiment of the present invention;

FIG. 2A is an explanatory view of a disc used in the
embodiment;

FIG. 2B is an explanatory wview showing a cross-—
sectional structure of the disc;

FIG. 3A is an explanatory view showing the structure of

a one-layer disc having one recording layer;



FIG 4 is an explanatory view of an optical head in

the enbodinent; FIG 5 is an explanatory view of a
phot odetector provided in the optical head; FIG 6 is
a bl ock diagram of a push-pull-signal operating
circuit in the enbodinment; FIG 7 is a bl ock diagram

of a tracking-error-signal generating circuit in the
enbodi ment; FIG BA is an explanatory view show ng the

| ayout of photoreceptors that can uniformy receive
stray light; FIG 8B is arl4xplanatory view show ng
the | ayout of photoreceptors that cannot unifornSp5e0704
receive stray light; FIG 9 is an explanatory view
showrag sheidargasegflahbeorpheior eteptions thEl & rddiure of
an explanatory view of a four-divided photodetector;

a ghhbReGlayeri dism Imaplrandvor yeodedhingd layegisght - di vi ded
phot odet ect or. DESCRI PTI ON OF THE PREFERRED .
EMBEEFMENTS Andiss® @rpverippiiatdfs sic O8irdrag kepdnn the

eﬁ¥ﬂ§¥ﬁen nt of the present invention will be described

e ."This disc drive apparatus corresponds to the

optieal €rj : : 7 esent

T R o e A e
pridiRdapRat RE UsSpedd e92eds to the optical head of the

present invention. In the disc drive apparatus, the

FIG. €& is a block diagram of a push-pull-signal
cperating circuit in the eﬁbodiment;

FIG. 7 is a block diagram of a tracking-error-signal
generating circuit in the embodiment:

FIG. 8A is an explanatory view showing the layout of
photoreceptors that can uniformly receive stray light;

FIG. BB is an explanatory view showing the layout of
photoreceptors that cannot uniformly receive stray light;

FIG. 9 is an explanatory view showing the areas of the
photoreceptors;

FIG. 10 is an explanatory view of a four-divided
phetodetector; and

FIG. 11 is an explanatory view of an eight-divided

photodetector.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
A disc drive apparatus according to an embodiment of
the present inventicn will be described below. This disc

drive apparatus corresponds to the optical drive apparatus



tracki ng-error-signal generating nethod of the present
invention is carried out. Prior to describing the
configuration of the disc drive apparatus, a
description will be given of an optical disc. In
order to record data on a disc, for exanple, by

magnet oopti cal recordi ng, dye-filmchange recording,

or phase change recording, a guide neans is generally
necessary for tracking of a data track. For this
reason, a groove is formed3as a pregroove bef orehand,
and the groove or a land (a portion of table-shafed0704
cross section between sections of the groove) is used

oBxh: Gakaecht atkverAddiress annbpeBil qii Jxeedsotzacb8 in the
recorded so that data can be recorded at a

diFedetigenkppar pust tdanrespoaddata theackticaddhesd of the
information is sonetimes recorded by wobbling a
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reproduction. For exanple, data can be recorded on or

aprepraacisc ed e o ipptdesi mad1lpbsi 1o wift kowbpical disc.
SO05P0O704 recording bit data indicating the address on
t heInr ackebeformsivand. daBy ohus diddi/ndoaddresrle, by

information_in the formof a
magnetooptical recording, dye-film change recording, or

phase change recording, a guide means is generally necessary
for tracking of a data track. For this reason, a groove is
formed as a pregroove beforehand, and the groove or a land
(a portion of table-shaped cross section between sections of
the groove} is used as a data track.

Address information needs to be recorded so that data
can be recorded at a predetermined position on a data track.
Address information is sometimes recorded by wobbling a
groove.

That is, for example, a track on which data is recorded
is formed as a pregroove beforehand, and a side wall of the
pregroove is wobbled accerding te address information.

In this case, the address can be read from wobbling
information obtained as reflected-light informétion during
data recording and reproduction. For example, data can be

recorded on or reproduced from a desired position without



wobbl i ng groove, for exanple, it is unnecessary to
record the addresses in the formof bit data on
di screte address areas provided on the track. Since
the address areas are renoved, the recording capacity
for real data increases. Wien it is assuned that an
optical disc 1 used in this enbodiment of the present
invention is of a rewitable or wite-once type, it
has a groove GV serving as a recording track, as
shown in FIG 2A. The grooveé GV spirally extends from
the inner periphery to the outer periphery. For t¥3x0704
reason, in a radial cross section of the optical disc
rébordiha) Bati agtd andiidatdnd treeaseteg avveseGirate
alternately provided, as shown in FIG 2B. The groove
be@prgharbe optical disc 1 wobbles in the tangenti al
direction. The form of wobbling of the %roove GV
cor P¥spBpaisaeding \%‘SEFéSsP@ﬁ%ﬂ?m%tb]t% Aéd Th§ ﬁﬁa!m%? ithg
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tH'Jed gi%l%lr@@;s&? eforglvo%r Sl‘ée&ggé ech f J_%@rell:ghgddress
reflected ron1 aser spot orned on the groove
addbyprbasabdr adi atd UracknNd eoRpONemd sadddfestsharedgeare
positions changed in the disc radial direction when
rdnhereldasehespetotB s capaedtal 6ng tdeel rdecer dnogetisask
are extracted, thereby produci ng a wobbl e signal and
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wéﬁ%@igngget;bg? 1@IELSQJ%QVS%eOEVA%£§§1ng as a recording
track, as shown in FIG. 2A. The groove GV spirally extends
from the inner periphery to the outer periphery. For this
reason, in a radial cross section of the optical disc 1,
projecting lands L and recessed grooves GV are alternately
provided, as shown in FIG. 2B.

The groove GV of the optical disc 1 webbles in the
tangential direction. The form of wobbkling of the groove GV
corresponds to a wobble signal obtained by modulating the
address or the like. For this reason, in the optical disc
drive apparatus, the positions of both edges of the groove
GV are detected from light reflected from a laser spot LS
formed on the groove GV by laser radiation, and components
of the edge positions changed in the disc radial direction
when the laser spot LS is moved along the recording track

are extracted, thereby producing a wobble signal and



(Address in Pregroove). Wile groove recording is
perfornmed on the optical disc in this enbodinent, the
present invention is applicable not only to such an
opti cal disc using groove recording, but also to an
optical disc using land recording for recording data
on the | and, an optical disc in which data is recorded
on both the groove and the land, and a read-only
optical disc in which a track is formed by enboss
pits. A description will "bé’grven bel ow of a case in
which the optical disc 1 of this embodinment is &05P0704
Blu-ray Disc. In this case, the optical disc 1 is 120
demudiud adiagreties ,adue sb. anﬁmétﬁ_drhicﬁ:klte&slﬁ.hecowmsclute
| ayer is approximately 0.1 nmmin thickness). In these
times dadfises s hel wpumediioni sedicated gut wachl ¢ wphblet to
a CD (conpact disc) and a DVD (digital versatile
rd%"é’@) 1S n‘?hl%dl (\hbtsﬂl‘ét%vameerfd} r?r&rgr%%ehn?f( gPIP

II I er) and an objective |ens having an
r % %§5P£%é¥%o |nation for exanple, a phase
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track pitch is 0.32 m % inear density is O.
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of recordi ng and reproduction, and the fornat
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on both the groove and the land, and a read-only optical
disc in which a track i1s formed by embecss pits.

L description will be given below of a case in which
the optical disc 1 of this embodiment is a Blu-ray Disc. In
this case, the optical disc 1 is 120 mm in diameter, and 1.2
mm in thickness {a cover layer is approximateiy 0.1 mm in
thickness}. In these respects, the optical disc 1 is
outwardly similar to a CD {(compact disc) and a DVD (digital
versatile disc).

With a laser with a wavelength of 405 nm {(a so-called
blue laser) and an objective lens having an NA of 0.85 in
combination, for example, a phase change mark is recorded
and reproduced. When the track pitch is 0.32 pm, the linear
density is 0.12 pm/kit, a data block of 64 KB (kilo bytes)
is a unit of recording and reproduction, and the format

efficiency is approximately 82%, data of approximately 23.3




recording |ayer, but also discs, such as doubl e-1ayer
discs, having a plurality of recording | ayers have
been devel oped. By increasing the nunber of recording
| ayers, the capacity can be further increased. For
exanpl e, when two recording |ayers are provided, the
capacity can be increased to 46.6 GB, which is double
the above-nentioned capacity. O course, an n-nunber
of recording layers (nis three or nore) may be
provided. In this case, t-hé&scapacity can be increased
to be n-tinmes the above-nentioned capacity. FlIGSS03R0704
and 3B schematically show the |ayer structures,

GEr SIREG! bﬁ@é% & deOnachayes sh SEnndacdoebkestayes

di sc. e thickness of the discs is 1.2 nm and the

ditdd ¢lenéssg ofdiansitest rcat @ 2Remmade of polycarbonate IS
approximately 1.1 mm An optical beamenmtted froma
di s@sdBlverappasasusnotr echy diney lave rr ééﬁ@éu%ﬂjéw one
appar,atus) that performnms  recording on
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capR-iltagy ehn dbs CE shOWY iimiclrb&sedA, Forf Lxpaipple, when b
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resuthstingt eaRrofark brmwided, t hhekemsssitandaa bevencreased
| ayer CVL of 100 min thickness is provided thereon.

to 46.6 GB, which is double the above-mentioned capacity.

Of course, an n-number of recording layers (n is three
or more) may be provided. In this case, the capacity can be
increased to be n-times the above-mentioned capacity. '

FIGS. 32 and 3B schematically show the layer structures,
respectively, of a one-layer disc and a double~layer disc.

The thickness of the discs 1s 1.2 mm, and the thickness
of a substrate RL made of polycarbonate is approximately 1.1
mm.,

An optical beam emitted from a disc drive apparatus .
{recording and reproduction apparatus) that performs
recording on and reproduction from the disc is shown by a
one-dot chain line. The optical beam is blue laser light
having a wavelength of 405 nm, and is collected via a cover
layer (substrate) CVL by an cbjective lens having an NA& of
0.85, as shown in the figures.

In a one-layer disc shown in FIG. 3A, for example, a



During recording and reproduction, an optical beamis
col lected on the recording layer LO via the cover
| ayer CVL. In a double-layer disc shown in FIG 3B
for exanple, a first recording layer LOis provided on
- a substrate RL of 1.1 mmin thickness, a second
recording layer L1 is provided thereon with a mddle
| ayer ML of 25 pm di sposed therebetween, and a cover
| ayer CVL of 75 mis provided on the second recording
| ayer L1. During recordi ng i&#hd reproduction, an
optical beamis collected on the first and secorf@>FP0704
recording layers LO and L1 via the cover |ayer CVL
refldridongh 1agkr Shows pridvadef- baye&r sub s aftavRngot ht €2 ot
nore recording layers, for exanple, it is conceivable
i ghifcgneea, r ecdraliqnysrayeyebnCat af pddi thoanctosekrngss
a surface CVLs of the cover |ayer CVL than the second
15 ecovdrRg FE%?OHM shown in FIG 3B while a niddle
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sposed t her ebet ween esponding to the n-t

recohdhNgouh By-elaylelNallc tR6WA N Ckness3ef thbe cau@iie, a
layer CVL is 100- (n-1)x25 m - 20 SO5P0704 FIG 1
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that perforns recording on and reproduction from the
1.dpmircdn ghsekness, a second recording layer L1 is provided
thereon with a middle layer ML of 25 um disposed
therebetween, and a cover layer CVL of 75 pm is provided on
the second recording layer Ll.

During recording and reproduction, an cptical beam is
collected on the first and second reccrding layers LO and L1
via the cover layer CVL.

Although rict shown, in an n-layer disc having three or
more recording layers, for example, it is conceivable to
form a recording layer Ln at a position closer to a surface
CVLs of the cover layer CVL than the second recording layer
Ll shown in FIG. 3B while a middle layer ML of 25 Mm is
disposed therebetween.

That is, the n-th recording layer L(n-1l} is provided on
the n-1-th recording layer L(n-2) with the middle layer ML
disposed therebetween. Corresponding to the n-th recording

layer L{n-1), the thickness of the cover layer CVL is 100-

(n-1)x25 pm.



The disc 1 is placed on a turntable (not shown), and
is rotated at a constant |linear velocity (CLV) by a
spindle notor 52 during recording and reproduction.
During reproduction, data on the disc 1 is read out by
an optical pickup (optical head) 51. ADI P information
recorded by wobbling a groove track, and disc
information are also read out. During recording on
the optical disc 1, data is recorded on the groove
track by the optical pickug05t in the formof pit
mar ks (dye change marks in a wite-once disc, or S05P0704
phase change nmarks in a rewitable disc). The optica
pi ckop. 51 dsmcisudes aochas@hirdliode oFerhbngiss dmideaser
i ght source, a photodetector for detecting reflected
afHaglatusaphab eetiomms grsoseing nep andaryepyguct eerel fxyfm
| aser light, and an optical systemthat applies the
UF%é@FlCngﬁ%s%h%o a disc recording surface via the

objective lens and that gquides reflected light, to_the
o et ot ilest ot X SR (B e grien 3
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i
pi ckup 51, the objective lens 1sh a blaX|5%

nd®Ehani aorigy besdmvableahl therddiackisrg direction and
focusing direction. 2 S05P0704 The whol e opti cal

pi cRupid repmuhvaibioni ndéte @i sther adisal 1dis exdddroury by
sl ed mechani sm 53. The | aser diode in the optica
arpiopgpabirieken i atiicgl head) 51. ADPIP information

recorded by wobbling a groove track, and disc information
are also read out.

During recording on the optical disc 1, data is
recorded on the groove track by the optical pickup 51 in the
form of pit marks (dye change marks in a write-once disc, or
phase change marks in a rewritable disc).

The cptical pickup 51 includes a laser diode serving as
& laser light source, a photodetector for detecting
reflected light, an objective lens serving as an cutput end
of laser light, and an optical system that applies the laser
light onto a disc recording surface via the objective lens
and that guldes reflected 1ight to the photodetectcor. These
compocnents will be described in detail later with reference
to FIG. 4.

| In the optical pickup 51, the obiective lens is held by
a biaxial mechanism to be movable in the tracking direction

and focusing direction.




response to a drive signal (drive current) froma
| aser driver 63 so as to emt |aser |ight.
Informati on about reflected light fromthe disc 1 is
detected by the photodetector, and is supplied to a
matrix circuit 54 in the formof an electric signa
in accordance wth the anount of the reflected |ight.
The matrix circuit 54 includes a current-voltage
conversion circuit for output currents froma
plurality of photoreceptord serving as
phot odetectors, and a matrix operation/anplificdd5F0704
circuit, and generates signals necessary for matrix
operakti 9Rol&MpteaPbecktipesmaid imovebleutih B¥e disc
generates a high- frequency signal (reproduction data
ragligialdireoriespandi g edomechpnosgiuciion data, and a
focusing error, signal and a tracking error signal for
ser?ﬁecgﬁf?Qﬂ@loﬂﬁe1#&FFPX°EF%%%EtPlQ§EPaﬁ§ol§eﬁ%%%ﬁﬂa§na
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supplied fromthe matrix circuit 54, respectively, to
clrqudddert/ Wi thee Tineyift aB5elacteivosignaduiin @tcondrhnee
W_J'.Vt\ohbk%:lhee a?ngﬂﬁgiéf 5t81ie reflected light.

The matrix circuit 54 includes a current-voltage
conversion circuit for output currents from a plurality of
photoreceptors serving as photodetectors, and a matrix
operation/amplification circuit, and generates signals
necessary for matrix operation. |

For example, the matrix circuit 54 generates a high-
frequency signal (reproduction data signal) corresponding to
reproduction data, and a focusing error signal and =z
tracking error signal for serve contrel. The matrix circuit
54 also generates a signal concerning wobbling of the groove,
that is, a push-pull signal used to detect wobbling.

The matrix circuit 54 is sometimes provided inside the
optical pickup 51.

A reproduction data signal, a focusing error signal and

a tracking error signal, and a push-pull signal serving as

information about detection of the wcbbkling groove are




The reader/witer circuit 55 subjects a reproduction
data signal to binarization and reproduction cl ock
generation using a phase-|ocked | oop, reproduces data
read frompit marks on the disc 1, and supplies the
data to a nodul ati on/denodul ation circuit 56. The
nodul ati on/ denodul ation circuit 56 includes a section
functioning as a decoder during reproduction and a
section functioning as an encoder during recording. In
a decodi ng operation duri-ng2reproduction, a run-
length limted code is denodul ated according to &05p0704
reproduction clock. An ECC/ scranble circuit 57

s e ERG RN GRAING F£OFcuddding ARELOLCH) reStd On
code, and scranmbling during recording. During

refagiprgduttéoncitde tEGE), sar asble cirauitt 687 apérd orcshble
descranbl i ng correspondi ng to scranbling, and ECC

cigewodi R§-for error correction. The ECC scranbl e

circuit 57 fetches data denodul ated by the .
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as reproduction data to a host apparatus (not shown).
moflué alidst / dppadatats ons cikoniexaépl e, an AV (audi o-

The modulation/demodulation circﬁit 56 includes a
section functioning as a decoder during reproducticn and a
section functioning as an encoder during recording.

In a decoding coperation during reproduction, a run-—
length limited code is demodulated according to a
reproduction clock.

An ECC/scramble circuit 57 performs ECC encoding for
adding an error correction code, and scrambling during
recording.

During reproduction, the ECC/scramble circuit 57
performs descrambling corresponding to Scrambling, and ECC
decoding for error correction. The ECC/scramble circuit 57
fetches data demodulated by the modulation/demodulation .
circuit 56 into an inner memory, and subjects the data to
descrambling and error detection/correction, thereby

obtaining reproduction data.

Data decoded by the ECC/scramble circuit 57 is read out



vi sual ) systemor a personal conputer. A push-pul

signal output as a signal concerning the wobbling

groove of the disc 1 fromthe matrix circuit 54 is

processed by the wobble circuit 58. The push- pul

signal, serving as ADIP information, is denodul ated

to a data stream which constitute ADI P, by the

wobbl e circuit 58, and is supplied to an address

decoder 59. The address decoder 59 decodes the

supplied data to obtain-ag3address, and supplies the _

address to the system controller 60. The addres$05P0704

decoder 59 al so generates clocks by PLL processing
undBirn ghwobbhersl @ialss sydpphi eshframdheowobhbeis circuit

58, and supplies the clocks, for exanple, as encode
trglnodksrédras emidvgtiont Hetzi tew thostDapbagatesofming

on the disc 1, recording data is transferred fromthe
SRS - apPag AtQRt aawr.a@%ubﬁ& | BRF ke e néhoty (PR

le c 5 be buffered. In this case,

V%ﬁ%@%c&?’%%%n%ﬁea Berelie S5 Bnttties the | buffered
S5 0 5 e ORI SIGRA Lo A cne
wo@i’o‘i@ﬁlgnar@@@escﬁfaﬂﬂél laRdci $ rrafud et x circuit 54 is
Run-Length-Limted (RLL) (1,7) Parity - 24 S05P0704
prifreserdeb Prian bidbb(lePri Repeat #8l. MThempuaskransl tsomal,

Runl ength (RMIR) in the nodul ati on/ denodul ati on
segiviegi &s5BDI RN fiaymatthen, stpplerertitle tekle treadez tawd tregam,
wﬂ?c%cgggsggtute ADIP, by the wobble circuilt 58, and is
supplied to an address decoder 59, |

The address decoder 592 decodes the supplied data to
obtain an address, and supplies the address to the system
controller &0.

The address decoder 59 also generates clocks by PLL
processing using wobbkble signals supplied from the wobkble
circuit 58, and supplies the clocks, for example, as encode
clocks for recording to the circuiis.

During recording on the disc 1, fecording data is
transferred from the host apparatus, and is supplied to the
memory in the ECC/scramble circuit 57 to be buffered.

In this case, the ECC/scramble circuit 57 encodes the
buffered recording data by ECC encoding, scrambling, and
additicn of a sub-code.

The data subjected to ECC encoding and scrambling is

modulated by Run-Length-Limited (RLL) (1,7) Parity



As descri bed above, clocks generated from wobbl e
signals are used as encode cl ocks serving as reference
cl ocks for this encoding during recording. The
recordi ng data produced by encoding is subjected to
recordi ng conpensation in the reader/witer circuit
55, that is, the recording power is finely adjusted
and the laser drive pulse waveformis adjusted
dependi ng on, for exanple, the characteristic of the
recording |l ayer, the shape 2 -a | aser spot, and the
recording linear velocity. The recording data isSq4rxv04
supplied as a laser drive pulse to the laser driver
pAdserfRE Hrasebidr (VEf B3HHrees vt AensH PiRtdred didseRudléNgth
pul se to the laser diode in the optical pickup 51 to
(RMUR) idrasée hboghlatRirt/dwrddslactondeivgedic t96 and is
recording data are thereby forned on the disc 1. The
thers equpiliiedr te3theclepter /ardgecarieeitPGY-aut omati ¢
power controlg circuit, nonitors the ] aser outgut
powdr® GRSCEHRCDARY Sof SLREXBUEPURTFTINTE Ta¥ePP pdwer
s IRRLOTLN0 phgt odetector Aovl.ded | n.dhe, optdoal .
pi ckip BT, "8Rd *Control%s THE Taser "ol plit ‘power '£8 be
cfonal andy 9L EXANRLS o897 dhessaplythe tenperature.
A target value of the laser ™ output 1S given fromthe

Systre eenbr@ih@rdfid paducent bl encotfingSeePEdR4ectsd to
exerted so that the |laser output is equal to the

reargring wahpendatioy irecdrediregdandwr eproductdudn. SFhethat
servo circuit 61 generates various servo drive
is, the recording power is finely adjusted and the laser
drive pulse waveform is adjusted depending on, for example,
the characteristic of the recording layer, the shape of a
laser spot, and the recording linear velocity. The
recording data is then supplied as a laser drive pulse to
the laser driver 63.

The laser driver 63 gives the supplied laser drive
pulse to the laser diode in the optical pickup 51 teo emit
laser light. Pit marks according to the recording data are
thereby formed on the disc 1.

The laser dﬁiver 63 includes a so-called APC (automatic
power control) circuit, monitors the laser output power on
the basis of the ocutput from a laser-power monitoring
photodetector provided in the optical pickup 51, and
controls the laser output power to be constant, for example,

regardless of the temperature. A target value of the laser

output is given from the system controller 60, and control

A T e



signals, such as a focusing drive signal, a tracking
drive signal, and a sled drive signal, froma
focusing error signal and a tracking error signa
output fromthe matrix circuit 54, and exerts servo
control. That is, a focusing drive signal and a
tracking drive signal are generated in accordance
with a focusing error signal and a tracking error
signal in order to drive a focusing coil and tracking
coil of the biaxial mechani2zém inside the optica
pi ckup 51. A tracking servo |loop and a focusingSSdePpg04
| oop are formed by the optical pickup 51, the matrix
iLidxetitbdb5de ther SBfevQagkkCcHitp®d, iandnizherbi gt atarget
mechani sm The servo circuit 61 perforns a track junp
vadper duirong byecongimiongnof Fephedietaicki.ng servo | oop and
outputting a junp drive signal in response to a track
j unphe ol Firetaithél SR EHTOMAFSPLEr S8V THE er vo
circuit 61 al so nerates a,sled drive signal. on,the
TGN R Sl R S RS LTI
sifaq’%q%‘igegﬁé{ £ OLPONENY; f sﬁﬁga; 4 afi-‘&ﬂ% efrorc%rsiﬁéggﬂo nd
ccess control conma romthe system controller
s@halN anQr defrd O Hd W& rbhesshesh nMehan sPor3chél hdworgh
not shown, the sl'ed nmechani sm 53 includes, for
cieaanpl 64, aandi exahaf tsexrvabeoBO60704 that hol ds the
opti cal pickup 51, a sled notor, and a transm ssion
geafhatThes sladamsdngi Srivée iredc gindi agtracking|dd ve
drive signal to performa required slide operation of

signal are generated in accordance with a focusing error
signal and a tracking error signal in order to drive a
focusing coil and tracking coil of the biaxial mechanism
inside the optical pickup b5l. A tracking servo loop and a
focusing servo loop are formed by the optical pickup 51, the
matrix circuit 54, the serve circuit 61, and the biaxial
mechanism.

The servo circuit 61 performs a track jump operation by
turning off the tracking serve loop and cutputting a jump
drive signal in response to a track jump command from the
system controller &0, |

The servo circuit 61 also generates a sled drive signal
on the basis of a sled error signal obtained as a low-
frequency compenent of the tracking error signal and an
access control command from the.system controller 60 in
order to drive the sled mechanism 53. Although not shown,

the sled mechanism 53 includes, for example, a main shaft



the optical pickup 51. A spindle servo circuit 62
exerts control to rotate the spindle notor 52 at a
constant linear velocity (CLV). The spindle servo
circuit 62 obtains a clock generated by PLL
processing of a wobble signal as information about
the current rotation speed of the spindle notor 52,
and conpares the clock with given CLV reference speed
information, thereby generating a spindle error
signal. During data reproduttion, a reproduction clock
(clock serving as the standard for decodi ng) 505P0704
generated by a PLL in the reader/witer circuit 55 is
thdtf QfdTelsi @ReabPtt cd N ik 8N} & 0f Bdd Gibtsfrgednaf at he
spindle notor 52. Therefore, a spindle error signa
tiveysrelsso obeggener dtled diyeccowpari hy dihesr eproddchgone a
- clock with the given CLV reference speed information.
s Iete %Vﬁdlséggélﬂ Vier grerfifinm @2regepiRd Blishi mpleEagipyect
s gnal, gneta ed the basis of the spindle error
?dﬁﬁF aﬁa r$£s out CLV rotation of the spindle
m’t SII g%ndlgeseslpx}onqh% %efcvgz C&Eé%#; %%t%'oﬁ%gepg{aaéeesche
drive signalin resp
s;g‘irﬁi(l/ebmlﬁ%rcgﬂté@l cct!rgﬂ‘_%lntf '_‘L@Hééf‘evéi/ééledp cenif ol er
60, and perforns start stop, accel eration, and speed
redueki epinges aidons cﬁfrchh]e 62 20btairfS02PR104k SeheuHwed
not or 52. The above-descri bed operations of the servo
by \Rileprandssihe ¢£cordibhgecandoreprasuciiomadjisneabare

controlled bg t he
the current rotation speed of the spindle motor 52, and

compares the clock with given CLV reference speed
information, thereby generating a spindle error signal.

During data reproduction, a reproduction ciock {(clock
serving as the standard for decoding) generated by a PLL in
the reader/writer circuit 55 is infermation about the
current rotation speed of the spindle motor 52Z. Therefore,
a spindle error signal may alsco be generated by comparing
the reproduction clock with the giver CLV reference speed
information.

The spindle serve circuit 62 outputs a spindle drive
signal generated on the basis of the spindle error signal,
and carries out CLV rotation of the spindle motor 52.

The spindle servo circuit 62 also generates a spindle
drive signal in response to a spindle kick/brake control
signal from the system controller 60, and performs start,

stop, acceleration, and speed reduction operations c¢f the



system controll er 60 such as a m croconputer. The
systemcontroller 60 perfornms vari ous processes
according to commands fromthe host apparatus. For
exanpl e, when a wite command is output fromthe host
apparatus, the systemcontroller 60 first noves the
optical pickup 51 to an address where data shoul d be
“witten, and causes the ECC/scranble circuit 57 and
the nodul ati on/denodul ation circuit 56 to encode data
(e.g., video data in vari @is-formats, such as MPEG 2,
or audio data) transferred fromthe host apparat@sp0704
as described above. A laser drive pulse is then
spiuppki pdréromthe reader/witer circuit 55 to the
| aser driver 63, and recording is perfornmed. For
exafipt ezbavreniescréebdd copereatdi drss odfppheedefromitdten and
host apparatus to transfer certain data recorded on
theheegpsging qred gepiNPECL 200 Hedt Intta)pe, CORETeyse@mRy the

troll 60 first trols, ti f ki
Y3 s PORBT Rt Hchles¥ChTRA = TATAHEEASFom contr ol | er
60 d ' '
Chat Eney st EhrERDTEnG B8 e B RREb Gl or R

acRdduens. t SURSRAILRL le¥omCeAL T Rbst ek ed. over an

operation necessary for transferring data at the

desrgnadedhAd]dr @asnt 8§ w28t SO0 itheutiwst from the

apparatus. That is, required data is read out from
hoslie agbstcatiysi stisulsiveteadcrotré bremdnfliestdeevds ngreand

buffering by the reader/witer circuit 55, the _
optical pickup 51 to an address where data should be written,
and causes the ECC/scramble circuit 57 and the
modulation/demodulation circuit 56 to enceode data (e.g.,
video data in various formats, such as MPEG-2, or audio
data) transferred from the host apparatus, as described
above. A laser drive pulse is then suppliied from the
reader/writer circuit 55 to the laser driver 63, and
recording is performed.

For example, when a read command is supplied from the
host apparatus to transfer certain data recorded on the disc
1 (e.g., MPEG-2 video data), the system controller 60 first
controls an operation of seeking a designated address. That
is, the system contreoller 60 sends a seek command to the
servo circuit 61 so that the optical pickup 51 accesses the
designated address.

Subsequently, control is exerted over an operation

necessary for transferring data at the designated address to



nodul ati on/ denodul ati on circuit 56, and the

ECC/ scranble circuit 57, and is then transferred.

FIG 4 shows an optical systemof the optical pickup
51 nounted in this disc drive apparatus. Light
emtted froma sem conductor laser 9 is collimted by
a collimator lens 2, and reaches a diffraction

grating 4 via a half-wave plate 3. In the diffraction
grating 4, side beans (+1-order diffracted |light and
-1- order diffracted |Iight28are generated to form side
spots necessary to generate a tracking error si @#pP0704
and are guided to a polarization beamsplitter 5

tHeOGRkReEpph EAnds . Maihatheam 0qer dal Lithf Ractedd| behtirom
that forns a main spot. The main beam (0-order

thdi ffisactedisi git)ecnrd tthe Sodeexdymales (Ekcoddey and
diffracted |ight) pass through the EJoolarlzatlon beam

buffieird nar by, the | 1epded /wiryseal Célf@haéht %, thand a

t te 7 d t
ek o B Sedh 1Sl cBilr ot R Bfcllromnsc
di d | 1 (L1
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Senb@@ndngﬂst|3%S%btgcg§ é%?%éﬁnd¥jt%¥ BB@lcal pickup 51
pol ari zation beamsplitter 5, is guided to an

mcaftitetiednl| tghé dledecirding pppaedesector (nonitoring
phot odetector) 11 by a light-collecting | ens 10, - 29
S05P078Y emﬁﬂtddsﬂm@@dataemtﬂmndﬂcuﬂmelbaser9oU$put to
be constant. The anount of |nC|dent on the

CUGHFBORINGY B ASRIEF0L =21 LarPb HRASEed ByEtract ion

gré#lgbng %Qg Qahalg¥%ave plate 3. In the diffraction
grating 4, side beams (+l-order diffracted light and -1-
order diffracted light) are generated to form side spotis
necessary to generate a tracking error signal, and are
guided to a polarization beam splitter 5 together with a
main beam (0-order diffracted light) that forms a main spot.

The main beam (0-crder diffracted light) and the side
beams (fl-corder diffracted light) pass through the
polarization beam splitter 5, a liquid crystal element 6,
and a quarter-wave plate 7, and are collected by an
objective lens 8, for example, onto one ¢of two recording
layers, a layer 0 {L0) and a layer 1 (L1), in the disc 1.

A part of the light emitted from the semiconductor
laser 9 is reflected by the polarization beam splitter 5, is
guided to an emitted-light detecting photodetector

(menitoring photodetector) 11 by a light-collecting lens 10,



plate 3. An actual |aser output is controlled to be an
arbitrarily anmount of emtted light by the
above-described APC circuit in the laser driver 63.
The liquid crystal elenent 6 has concentric

el ectrodes, and serves to correct spherica

aberration caused by a thickness error of the cover

| ayer in the disc 1 by controlling the voltages
applied to the electrodes. The quarter-wave plate 7
di sposed before the objectidfe-lens 8 serves to
convert linearly polarized light fromthe S05P0704
sem conductor laser 9 into circularly polarized |light.

arRefileelsed tbobénfromdhe 1dsse dufpaches dheonstant.
pol ari zation beamsplitter 5 via the objective lens 8,
t he Thquamtent wal € iglhdat énZidemtd ¢rhetHe quind torysy al
elenent 6, and is reflected toward a detection
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APENS ki tangd @hQYiA§E¥'d%ibeE¢@§.13 enters a _
phot odet ector 14 for detecting a servo error signa

and Taer eptrotticinyatali efiensat | ®rhed giralcenamtci Slectrodes,
subj ected to photoelectric - 30 SOBP0704 conversion
anthersgaes FpGobretiowrrerplel oakerprivropataueed by &he

phot odet ect or 14.
thickness error of the cover layer in the disc 1 by

controlling the voltages applied to the electrodes. The
quarter—-wave plate 7 disposed before the cbjective lens 8
serves to convert linearly polarized light from the
semiconductor laser 9 into circularly polarized light.

Reflected light from the disc 1 reaches the
pelarization beam splitter 5 via the objective lens 8, the
quarter-wave plate 7, and the liquid crystal element 6, and
is reflected toward a detection optical path by the
pelarization beam splitter 5.

In this embodiment, a focusing error signal is
generated by an astigmatism method, and a tracking error
signal is generated by a differential push-pull methed.
Convergent light passing through a light-collecting lens 12
and a cylindrical lens 13 enters a photodetector 14 for
detecting a servo error signal and a reproductiocon

information signal, and is subjecfed to photoelectric



As shown in FIG 5, the photodetector 14 of this

enbodi nent includes one four-divided photosensor (A,

B, C and D) serving as the first |ight-receiving

section, two two-divided photosensors (E and F, and G

and H) serving as the second |ight-receiving

sections, and two photosensors (I and J) disposed as

the third Iight-receiving section near the above

t wo- di vi ded photosensors. O the three beans divided

fromthe laser light by the30 diffraction grating 4,

reflected |ight of the O-order light is receiveddppt704

phot oreceptors A, B, Cand D, and reflected 1ight of
céhes risli--or daerkhght and reflected light of the -1-

order light are received by photoreceptors E and F

and FGG.aAdskbwA & ehudiomgceptor mitgreain afidthet racki ng

error signal are respectively calculated by an
PREtadpfaGtemn rét hod and a dlfferentlal push- pul |

t hod th f uf put f th
oot cBat ofa R £ aBushHor B B B Tt BB
d t hgd
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(A+ ) - (B+D) 31 SO05P0O704 "Before describing how t o

tgentiraideda phbackégp ey r (@ asidgAal aby ¢ hendiH)f eeentihal as
~ push-pull nethod, interlayer stray light in a
thio i @ridayephtr secai tinhewdsécdescandedio photosensors (I

~and J) disposed as the third light-~receiving section near
the above two-divided photosensors.

| Of the three beams divided from the laser light by the
.diffracfion grating 4, reflected light of the 0O-order light
is received by photoreceptors A, B, C and D, and reflected
light of the +l-order light and reflected light of the -1-
order light are received by photoreceptors E and F, and G
and_H.

A focusing error signal and a t;acking error signal are
respectively calculated by an astigmatism method and a

differential push-pull method on the basis of the outputs
from these photoreceptors.

A focusing error signal FE is generated by calculation
in the astigmatism method with the fellowing expression in
the matrix circuit 54, and is supplied to the serveo circuit
el:

FE = (A+C)-{B+D)



The intensity ratio 11 of interlayer stray light in a
doubl e-l ayer disc is generally given by the follow ng
expressi on when the reflectance of the recordi.ng | ayer
LOis wequal to that of the recording layer L1: 11 =
S/ Tc/M (2dtanO 2 In this expression, S represents the
area of the photoreceptor, Mrepresents the
magni fi cation of the detection optical system d
represents the interlayer distance, and O represents
the angle formed between thRd -optical axis and the
out ernost peri pheral beamin the disc 1. Incident¥l3Bp704
when the objective Iens 8 has an NA of 0.85, and the
opt Beabrédi 86sdriviclgudes tbBegenyeitd ayefraC¥ing hawtdy a
refractive index of 1.6, the angle O is approximately

s3halWenthe dsfdssmmBdlt pashthell photiordcépttordapért he
phot odetector 14 is 150 pm square, the nmagnification

stgfant Héobpt teaf 9t lemlayezodisandltheon Reefragetbed.
di sf.ance is 25 t.he intensjty ratio | is_found.
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elPrekd ivheRnbhechdt RNSId ankat be fhe the:dmiiRgbeagEEOLD is
the side beans is 10:1, and is not 32 S05P0704

edqiedl itg bhar YWhethsigmlrsliagelageorded on only one of
the |layers, interlayer stray light is increased. This
ser Noasyn/MAf(@dt sapfi cal cul ation of a differenti al
_pus?hpghl si gnal ,

is exXpression, S represents the area of the

photoreceptor, M represents the magnification of the
detection optical system, d represents the interlayer
distance, and O represents the angle formed between the
optical axis and the outermost peripheral beam in the disc 1.

Incidentally, when the objective lens 8 has an NA of
0.85, and the optical disc 1 includes the cover layer CVL
having a refractive index of 1.6, the angle 6 is
approximately 32°. When it is assumed that the
photoreceptors of the photodetector 14 is 150 pm square, the
magnification of the optical system is 20x, and the
interlayer distance is 25 um, the intensity ratio %N is found
1.8%.

Therefore, although the influence of interlayer stray
light between main beams is small, the influence of a main

beam on side beams is multiplied by 10 when the intensity

ratic of the main beam te the side beams is 10:1, and is not



-and detracking may be caused when the objective lens 8
is radially displaced during tracing of the track. In
order to reduce the influence, in this enbodinent,

t he photoreceptors | and J for receiving interlayer
stray |light are provided near the photosensors E and
F, and Gand H for-receiving side beans only to
detect a tracking error signal TE, as shown in FIG

5. Stray light conponents in the side beans are
renmoved by using signals-ré€erved by the

phot oreceptors | and J. FIGS. 6 and 7 show an SO5P0704
operating circuit systemin the matrix circuit 54

nddlalgigener ayesn & igraoki Ageceré@br&dd ohEy bRedf the
differential push-pull nethod by using signals from

lavees,plhiotedeteet ortxkd dhighvh is FldGedsedRef Bhisngetipusly
FIG 6, head anplifiers 3la to 31j are provided
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det gctor lifiers 3la to ,
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provided to operate the outputs from the head
tiaphictbeesegdard a Jtd Jamdr tecdheirpyindbl-abier esititayed

signals. - 33 S05P0704 Hereinafter, signals output
lﬁghmnarhepheﬂihadnnddﬁ ghe Bhatoser3grs i acdoFdamcd Gviardd

t he anmount  of received by the photoreceptors A
Htﬁ??]rﬁF@lHéﬁ%t%%ﬁ])P%Qmﬁoogly to detect a tracking error

~signal TE, as shown in FIG. 5. Stray light components in
the side beams are removed by using signals received by the
photoreceptors I and J.

FIGS. 6 and 7 show an operating circuit system in the
matrix circuit 54 that generates a tracking error signal TE
in a differential push-pull method by using signals from the
photodetector 14 shown in FIG. 5.

Referring to FIG. 6, head amplifiexs 31ia te 31j are
provided correspondingly to the photoreceptors A to J in the
photodetector 14. The head amplifiers 31la to 313j. subject
. signals from the photoreceptors & to J to current-voltage
conversion, and amplify the signals to a predetermined_level
regquired for later processing.

Cperational amplifiers 32a teo 321 are provided to
operate the outputs from the head amplifiers 31a to 31j, and

to thereby cbtain required signals.



corresponding to the photoreceptors Ato J. A main
push-pull signal MPP AGC is generated from signals A
B, C and D output fromthe head anplifiers 3la, 31b,
31c, and 31d corresponding to |ight detected by the
photoreceptors A, B, C, and D as follows. The nmain
push- pull signal MPP AGC refers to a push-pull signa
that corresponds to reflected |ight of O-order
diffracted light serving as the main beamand that is
- standardi zed by AGC proees8ing. First, the signals A
and B fromthe head anplifiers 3la and 31b are &dded704
to generate a signal A+B by the operational anplifier

32ape ddinaHc@nal sinand hdguamstbe bhradhesmpl dddigres «34C

and 31d are added to generate a signal C+D by the

" 3leperadipnal acarpldahcer w32h. tHhemsnughab fATBaht omddigred
operational anplifier 32a and the signal C+D fromthe

byoserabhobrl caRpHors &r t32f are drigded Py Bbtaih a sum

signal M-SUM by the operational .anplifier 32c, and
COFRBSERRREIGE . BOREPESSTRTiRd £8 4n AGC of rouit

L (S St L
s1§hdnal aCHD) Td QA Be oQPBL AT £PRRl 1 RAMRLLEI 8FoB2E; &£ AlSOo
Subj ected to subtraction to obtain a push-pull signa
31MPP31bpf o Hicrdatdspahiony wndighe Ausbepad|bpigral
phgzzrgieptors A, B, C, and B as follows. The main push-

pull signal MPP AGC refers to a push-pull signal that
corresponds to reflected light of O-order diffracted light
serving as the main beam and that is standardized by AGC
processing.

First, the signals A and B from the head amplifiers 3la
and 31b are added to generate a signal A+B by the
operational amplifier 3Z2a.

The signals C and D from the head amplifiers 31c and
31d are added to generate a signal C+D by the operational
amplifier 32b.

The signal A+B from the operational amplifier 32a and
the signal C+D from the operational amplifier 32b are added
to obtain a sum signal M SUM by the operational amplifier
32c, and the sum signal M SUM is supplied to aﬁ AGC circuit
33a.

M SUM = A+B+C+D

The signal A+B from the cperational amplifier 32a and



supplied to the AGC circuit 33a. MPP = (A+B)-(CtD)
In the AGC circuit 33a, the push-pull signal MPP is
st andardi zed by using the sumsignal MSUM so that the
push-pul |l signal for the main beamis subjected to
AGC, and a standardized push-pull signal MPP AGC is
obtai ned. MPP AGC = MPP/M SUM I n contrast, a side
push-pul |l signal SPP1 AGC is generated from signals
E, F, and | output fromthe head anplifiers 3le, 31f,
and 31i corresponding to+ixht- detected by the
photoreceptors E, F, and | as follows. The side S05P0704
push-pul |l signal SPP1 AGC refers to a push-pull signa
tHdali gnear cesponds tie theerdebndl f inericdd 3gbt aser ¥149
as a side beamand that is standardi zed by AGC
syiriecessi g, stheradigival $oEcandif frowsittmilieadgnal MPP
amplifiers 31e and 31f are subjected to subtraction
bafipnenstapepatispalon ampc £her P3oR-Pol biignalaMFP is

ush-pul | sign SPP1 hefqre standardization. The
m%ﬁ%ﬁﬁ P §h§n§%3éﬁﬁf%l gﬁ&n supplied to an AGC
cirguibt_3 PPl = E-F The signals E and F are al so
addggbto ?%?nﬁéigighal E+F by the operationa

anpihf LgE ﬁ@é-cfyiui§05897oéheTﬁﬁFﬁﬂﬂﬂrﬂ shghkoMubie; g

head anplifier 31i is nuftlpl|e by a coéfficient m
styhdalreliaper BYi osbtg aifel ishinesi13Ralte Swht aion thasi ghal
wi

pusﬁ—pull signal for the main beam is subjected to AGC, and
© a standardized push-pull signal MPP AGC is obtained.

MPP_AGC = MPP/M_SUM

In contrast, a side push-pull signal SPP1 AGC is
generated from signals E, F, and I output from the head
amplifiers 31e, 31f, and 31i corresponding to light detected
by the photoreceptors E, F, and I as follows. The side
push-pull signal SPP1 AGC refers to a push-pull signal that
corresponds to +l-order diffracted light serving as a side
beam and that is standardized by AGC processing.

The signals E and F from the head amplifiers 3le and
31f are subjected to subtraction by the operational
amplifier 32e to obtain a push-pull signal SPP1 before
standardization. The push-pull signal 3PPl is then supplied
to an AGC circuit 33b.

SPP1 = E-F

The signals E and F are also added to obtain a signal

E+F by the operational amplifier 32f.



The operational anplifier 32k subtracts the out put
(m) fromthe operational anplifier 32i fromthe
output (E+F) fromthe operational anplifier 32f to
generate a sum signal SI SUMfor standardization. Si
SUM = E+F-m In the AGC circuit 33b, the push-pull
signal for the +l-order diffracted light is subjected
to AGC by standardizing the push-pull signal SPP1 by
using the sum signal S1 SUM A standardi zed push-pull
signal SPP1_AGC is therebysobtai ned. SPP1 AGC =
SPP1/S1 SUM A side push-pull signal SPP2 AGC is S05pP0704
generated from signals G H, and J output fromthe

headnhang gddiers £348, tBdhheadiNghpiljfieer BespDNALIIGit0ied

light detected by the photoreceptors G H, and J as
byf @l lcorsfiThentsiméypidle- ppblat Somgrlalar§RRZIAGC32RfEYs to

a push-pul | signal that corresponds to -1-order
olgigfipr actednat ghtlserving as a side beam and t hat is

1 o et S FrPLPEESE Tk SR cHR otk Bl 1o
(Y0t F3ShT on, 'Jbé%eu%&%f %ﬁ@ggé eblar%' fe. @k 380 L& put

obtaln a push

(Etpgngapgdi @@él raaa%ntaheaﬂﬁbfmlsﬁ %atge&’é’f’;tésa sum
supplied 36 05P0O704 to an AGC circuit "33c. SPP2 =

siGrd1The sitgneds GaardrHiaseiahso added to obtain a
si gnal

S1 SUM = E+F-m-I

In the AGC circuit 33b, the push-pull signal for the
+1-order diffracted light is subjected to AGC by
standardizing the push-pull signal SPPI by using the sum
signal S1 SUM. A standardized push-pull signal SPP1 AGC is
thereby obtained.

SPP1 AGC = SPP1/S1 SUM

A side push-pull signal SPPZ AGC is generated from
signals G, H, and J output from the head amplifiers 31g, 3ih,
and 31j corresponding te light detected by the
photoreceptors G, H, and J as follows. The side push-pull
signal SPP2 AGC refers to a push-pull signal that
corresponds to -l-order diffracted light ;erving as a side
beam and that is standardized by AGC processing.

The signals G and H from the head amplifiers 31lg and
31h are subjected to subtraction in the operational

amplifier 32h to obtain a push-pull signal SPPZ before

standardization, and the push-pull signal SPP2 is supplied



G+tH by the operational anplifier 32g. The signal J
fromthe head anplifier 31 is nultiplied by a
coefficient mby the operational anplifier 32 to
obtain a signal mJ. The operational anplifier 321
subtracts the output (mJ) fromthe operational
anplifier 32) fromthe output (GtH) fromthe
operational anplifier 32g to generate a sum signal S2
SUM for standardization. S2 SUM = GtHmJ In the ACC
circuit 33c, the push-pulH 3%i gnal for the - 1-order
diffracted light is subjected to AGC by standar &i0orPAg04
t he push-pull signal SPP2 by using the sum signal S2

oM nAcstapdariddizzed push-pull signal SPP2 AGC i's
t hereby obtai ned. SPP2 AGC = SPP2/S2 SUM As descri bed

abosep2 thes-st andar di zed push-pull signals MP ACGC,
SPP1 AGC, and SPP2 AGC are generated correspondingly
to @hf@r@lneqnajlisr ©r aotledl drghalsorpddedeto dbfdimc edgnal

and -1-order dlffracted light. The signals I
Gﬁ%ﬁ YJtﬁ?e Q@ﬁﬁf%99a&eﬁ@Pé%gl?ﬁe:§%n13|gnals S1_SUM and

UM f or rdi tion o push al
SPP anéﬁ§§P§n%%PPe§%on |ngé¥%°$f185derjdl?frac é%led
bf agEBe§9901ént ﬁ;Ly %@gpgégéat£5£§¥ éy I&%§@5e§2lt9rgbta1n
i's, the sum signal M s obtal ned by
a %u@hﬁacﬁbmg the product of the stray |ight conponent I

andThe operational amplifier 321 subtracts the output

(m-J) from the operational amplifier 327 from the output
(G+tH} from the operational amplifier 32g to generate a sum
signal S2_SUM for standardizaticn.

S2_SUM = G+H-m-J

In the AGC circuit 33c, the push-pull signal for the -
l-order diffracted light is subjected to AGC by
standardizing the push-pull signal SPFPZ by using the sum
- signal S2_SUM. A standardized push-pull signal SPP2 AGC is
thereby obtained.

SPP2 AGC = SPP2/S2 SUM

As described above, the standardized push-pull signals
MPP AGC, SPPl AGC, and SPP2 AGC are generated
correspondingly to O-order diffracted light, +l-order
diffracted light, and =-l-order diffracted iight. The
signals I and J are used to generate the sum signals S1 SUM

and S2 SUM for standardization of the push-pull signals SPP1l

and SPP2 corresponding to +l-order diffracted light and -1-




the coefficient mfromE+F, and the sum signal S2 SUM
is obtained by subtracting the product of the stray

| ight conponent J and the coefficient mfromHJ. By
t he standardi zati on using the sumsignals S1_SUM and
S2 SUMin the AGC circuits 33b and 33c, AGC operation
is perforned while the offset due to stray light is
renoved. That is, the standardi zed push-pull signals
SPP1 AGC and SPP2 AGC are adequate signals in which
the stray light conponent 3i’s-effectively reduced. The
push-pul |l signals MPP_AGC, SPPl1 _AGC, and SPP2_AGS05P0704
t hus obtained are processed, as shown in FIG 7.

orfdelrSHi rEPSc s h-iyHd. signals SPP1 AGC and SPP2_AGC
corresponding to the 1-order diffracted Iight are
addedatbyisarchepenat sdogasl &3ipldUM dis 3Bhtained by
(SPP1_AGC+SPP2_AGC). The sumof the signals is

supFrecpinedt iy rasyetts oéi ehe ktray ldwhdperappoerl I and
amplifier 35 (k(SPP1_AGC+SPP2 AGC)). I.n an operati.onal

e BPPFFGr SRt § HEBUERGL BT FE SerHeranar Laiil 119 or

5.is subtracted .f.romthe push-.pul si gnal P .AGC
e e A s S e e

cdrpRneaventlys @hd rackingi Rt on Signal:gTE 1S generated
by the differential push-pull nethod. TE = MPP AGC k
( SPB} AECISIRIRA2AGEEatid8 uSORPRHR4 subheighalkiglg M ahd
signal TE is supplied to the servo circuit 61 to be
Sused for the ald ngi rserive 8ontamd .334s Ad€scopebetdiaboie,
in the tracking error signal TE generated . '
performed while the offset due to stray light is removed.
That is, the standardized push-pull signals SPP1_AGC and
SPP2_AGC are adequate signals in which the stray light
component is effectively reduced.

The push-pull signals MPP_AGC, SPP1 AGC, and SPP2_AGC
thus obtained are processed, as shown in FIG. 7.

First, the push-pull signals SPPl_AGC and SPPZ_ AGC
corresponding to the fl-order diffracted light are added by
an operational amplifier 34 (SPP1_AGC+SPPZ_AGC).

The sum of the signals is multiplied by a coefficient k
by an operational amplifier 35 (k* (SPP1_AGC+SPP2 AGC)).

In an operational amplifier 36, the output of the
cperational amplifier 35 is subtracted from the push-pull
signal MPP AGC corresponding to O-order diffracted light.
Consequently, a tracking error signal TE is generated by the

differential push-pull methed.

TE = MPP_AGC- k- (SPP1_AGC+SPP2Z AGC)



by the differential push-pull nethod, an interlayer
stray light conponent is effectively reduced.
Therefore, it is possible to reduce errors in the
operation coefficient k for the differential push-pul
tracking error signal TE caused by interlayer stray
light during signal recording on or reproduction from
the multilayer disc. In the disc drive apparatus of
this enbodi nent, tracking control using the
differential push- pull met38od can be applied over
various recording nedia including one-layer disc5a0d04
mul til ayer discs having two or nore recording |ayers.
Thi gnachigvesd eli-abl 8;hacking s %QEEJ&QEdO’d&rtH@déélvo -
di spl acenent of the objective |ens The

cimdudiitpleiicat i o el ficai embchingetkivo tdeamtroper aks onal
anplifiers 32i and 32] and the multiplication

desgafibiedi ehovk, Usedhen traekdper et ¥ onaligawg! TEi een%m

det erm ned arbltrarlli A description wll

be be
bygmbén daf £ ?ﬁ%ﬂ#ﬂfgﬂomuscsﬂrpﬁlﬁ mﬁhlb?%'r SCeptSrE 1 PYEhd® Y 3 or

tectln |nter a ra n the photoreceptor
llpqg}tt P ﬁ%vvn e)él%(rﬁcscéve%tﬁ % u%eacl't ern sﬁovvn in FIIOG
&g§ﬁ§$§{§r%%ea OLSskinf00 o UL RS E%?S?Q 119 the

subs y uni nfy recelve stray I|ight of

oprraitden dbéfrastead W gltlr, tstrayridgtich plshrgeri- 39
SO05P0704 diffracted light, and -1-order diffracted

tddgdiingr ekkectedyinl Tal |caustdr batimre rlegerdishgal ayegist
which are not to be accessed (on which data is not
dyprdasr gdgnet FeemdmicPrdarareproduction from the

multilayer disc. In the disc drive apparatus of this
embodiment, tracking contreol using the differential push-
pull method can be applied over various recording media
including one-layer discs and multilayer discs having two or
more recording layers. This achieves reliable tracking
contrcl over radial displacemenf of the objective lens 8.

The multiplication coefficient m used in the
operational amplifiers 32i and 323 and the multiplication
coefficient k used in the operational amplifiex 35 may be
determined arbitrarily.

A description wili be given of the layoﬁt cf the
photoreceptors i and J for detecting interlayer stray light
in the photoreceptor pattern shown in FIG. 5.

In the pattern shown in FIG. 5, the photoreceptors I
and J are arranged to substantially uniformly receive stray

light of O-order diffracted 1light, stray light of +l-order



I's not reproduced). FIGS. 8A and BB show | ayout
exanpl es of the photoreceptors Ato J. FIG BA shows
the | ayout pattern shown in FIG 5, and FIG BE shows
anot her |ayout pattern. In FIGS. 8A and BE, reflected
light of a main beam (0-order diffracted Iight),
reflected light of a side beam SB1 (+1- order
diffracted light), reflected |ight of a side beam SB2
(-1-order diffracted light), and stray light of the
main  beam and the side beawms -SB1 and SB2 are shown by
reflected 1ight spots applied on the photoreceptsysyohos
to J. As shown in the figures, the main beam (0-oder

di‘éﬂf&%ﬁ:ﬁ%&ﬁ%i%ﬁg htdnd Sjrecabyed; ¥ b6 P *1‘1‘%;%:69@ E&Q&@eé\ by

The si de beam SB1 1's received by t
alphatgeaapt 6f Srézomiithgr .l agad st RRi Sh erdeadm SBZbéS
recei ved by the photoreceptors G and H Stray |ight
amfestske Mmannwbeamdaich itsheosi decbeders SBframdwBB2hi data
wi dely applied over the photoreceptors Ato J. In the
M%éFFeFﬁP§ﬁéuﬁe@h FIG BE, the photoreceptors | and J
are arrang& o unjform ive 0-order

difFFﬁ%te tBBaﬁg‘gg’ &?E%‘ﬁtd‘?%aﬁ? e& 18Rt (that
phé%ore eﬁg |Ighé34%efgg g64¥hQWS %ﬁf %Phlogﬁttern

recor ayers on or
sHAonpRETen s bel ngd.eqar gﬁewgraﬂ@ﬁt&d%%ut boattbis,

case, the photoreceptor | does not unifornmy receive
Irstarag .| Bghtnof 83 heresilde thaami SB2, ofndl Mdié beam (0-order
diffracted light), reflected light of a side beam 5B {+1-
order diffracted light), reflected light of a side beam 3B2
{(-1l-order diffracted light), and stray light of the main
beam and the side beams SBl1 and SB2 are shown by reflected
light spots applied on the photoreceptors A to J.

As shown in the figures, the main beam (0O-oder
diffracted light) is received by the photoreceptors A, B, C,
and D,

The side beam SBl is received by the photoreceptors E
and F, and the side beam SBZ i1s received by the
photoreceptors G and H. Stray light of the main beam and
the side beams SBl and SB2 is widely applied over the
photoreceptors A to J.

In the pattern shown in FIG. 8B, the photoreceptors I
and J are arranged so as not to uniformly receive (O-order

diffracted light and fl-order diffracted light (that is,

stray light) reflected by all information recording layers



phot oreceptor J does not uniformy receive stray |ight
of the side beam SB1. For this reason, the anount of
light received by the photoreceptors | and J is
different fromthe anount of |ight received by the
phot oreceptors E and F, and G and H for the side
beans. This nmakes it difficult to conpletely renove a
stray |ight conponent in the above- described nethod
for generating a tracking error signal TE. Wen the
photoreceptors | and J are4&8rranged to wuniformy
receive O-order diffracted |ight and 1-order S05P0704
diffracted light (stray light) reflected by al

or HrOEFBhi PRLcK SGTHnag 1bay e Sodih Prrddceehbghreproduced.
information is being recorded or reproduced, the

anoilint tlofs stasay lthghphoecetaagd orby thhesphot orrecepimdys
I and J is equivalent to the amount of stray |ight

receddeyefray ehtpidt @h@céb@%r%e@aﬁﬂ? Fandngh& and H.

PrHpEs FSB%%y%méaﬂ‘%"spaﬁ?ami" Ry o PP o T e

th%gtsal'd%egeg%( EE ahoys tggg(:{”éggo ‘?{a lm%ﬁin&-rgg)llght

ot oreceptor pattern shown in

rétlel&% Lpetﬁ@w&mr%&gtwg §t£1§’a/ J Imtdl@@apeﬂ@nfmﬁsthe

BA sShows,” both the photoreceptors | and can
antmjnftObm Vigee etenss i0r<0r Ber cH: f pridcded-dptght analnd oy dard
diffracted light (i.e., stray light) reflected by al
G 4hd 805P070He §iderhw@ison Fetormhhes lidydisfonubt ¢ om
which information is be[ng recorded or roduced.
C@}Pﬂr@ée@ﬁer%‘ﬁ%‘t’%raecséﬁtaé'r 4 1p0T FRIRPREt rlécéﬁﬁea}é?Y%\‘y

d4£é¥yﬁegfmé g g é%r %%%gkgg%ngng traépgng error signal TE.

When the photoreceptors I and J are arranged to
uniformly receive O-order diffracted light and Zl-order
diffracted light (stray light) reflected by all infecrmation
recording lavers on or from which information is being
recorded or repreoduced, the amount of stray light received
by the photoreceptors I and J is eguivalent to the amount of
stray light received by the photoreceptors E and F, and G
and H. Consequently, it is possible to completely remove a
stray light component from a tracking error signal TE
obtained by the above-described cperation.

The photoreceptor pattern shown in FIG. 8A (FIG. 5)
allows the removable ¢f the stray light component.

As FIG. 8A shows, both the photoreceptcrs I and J can
uniformly receive O-order diffracted light and fl-order

diffracted light (i.e., stray light) reflected by all



light of the side beam SB2, simlarly to the
phot oreceptors E, F, G and H for the side beans,
stray light can be conpletely renoved by the
above-descri bed operation. That is, the photoreceptors
| and J are appropriately arranged so as to
substantially uniformy receive 0O-order diffracted
light and 1-order diffracted |ight (stray |ight)
reflected by all information recording |ayers on or
from which information is4betng recorded or
reproduced. The | ayout pattern that allows the |iS§ghp0d704
to be thus wuniformy received is not limted to that
ingBewatifn R zoRiingWMiklexrt hen esbodiomenthieh theoprase is
i nvention has been described above, various
berdndi fecatdahsomarepposschbie. $imddhehepbhoabrsyspiemfl
t he above enbodinment, the main beam (0-order
anglj 7f FaRt B itfhtoraind i Bt s¢Hetlisregsie( pegpdepl and stray
diffracted |jght) ar etected hy the four-djvided and
11kt Of b et PnsEate Bor sSTR 1Y M CoaflooPPayOTs GRS
det ect e e . undivi.ded phot osensors : .wJhe
E’n%ﬁbgf %?d2¥0%§igﬁgo l?%eg%%% bé%ﬁ%‘rglﬁékn%%gl?%ited
coh%lE%@l?nfE$6¥€& byWhbeabhe - M LR i@fedl BReration.,
phot oreceptors | and J for stray |light is equival ent
to tThat iof, tthe photorecepiefss IEanl, JGare assbibdratiche
side beans, it may be arbitrarily determ ned. However,
artrbegkd| fowhgadudstageiadl proviitelyy reeeivagl=order
S05P0704 _the area of the photoreceptors | and J to be
diddupghrentiqy aHatloprite PHotGIEEEpLoPRT E(STFraxG lighd)

reg‘ge'cﬂeﬁa% oIS Abengi by distriutign of &1 ight gpot
which information is being recorded or reproduced.

The layout pattern that allows the light fto be thus
uniformly received is not limited to that shown in FIG. 5.

While the embodiment of the present invention has been
described above, various modifications are possible.

In the optical system of the above embodiment, the main
beam (0-order diffracted light) and the side beams (tl-order
diffracted light) are detected by the four-divided and two-
‘divided photosensors (A to H), and stray light is detected
by the undivided photosensors (I, J). The number of
division of the photosensors is not limited to two and four.

While the area of the photoreceptors I and J for stray
light is egquivalent teo that of the photoreceptors E, F, G,
and H for the side beams, it may be arbitrarily determined.

However, the following advantage is provided by setting



t he photoreceptor is not always uniform because of
the influence of interference of stray light of the
main beam and stray light of the side beans. For
exanple, in a case in which stray |light has an
intensity distribution shown in FIG 9, when the area
of the photoreceptors | and J for stray light is
different fromthe area of the photoreceptors E, F,
G and Hfor 1-order diffracted |light, the anmount of
l'i ght received by the phot4dreceptors | and J may be
different fromthe amount of |[|ight received by tHeP0704
photoreceptors E, F, G and H. In contrast, when the
tiad edref offthehpheh of @eeRiebs sl T1asdd J & RYeiqval-enént oo
that of the photoreceptors E, F, G and H, the anount
theft sifr el phhtorecwitves By FheGphatdrieceptors | and J
‘can_be equal to the anmount of stray |ight received by
t heIphé88F ecet drfemsahy #Lsahtl W i évehdlhh IRRE on
cas f_the intensit istribution showmn in Fig,. 9.
R PR LR U R SRS bl RS SV
1 A0S deger }Lgﬁ%f%q{c%t I@Ns 95¥9f£‘§1‘i@td{‘€th% hL 8% kﬁé‘&%
error signa . y one of the photoreceptors | an
ankt kae106YI 0pCknd O3 8l bRYnbl gt For exampl e, when
only the photoreceptor | is used, the sumsignals Sl
SUMFande S2niSld\ aire agiceen by wiich fsddagwilight has an
expressions: - 43 S05P0704 S1 SUM = E+F-m S2 SUM =
irGeRsHEYWAL B 8 ipiet Hirs shdminy énapp@r ab uswhien pheviaded $Hrthe
Bt u-ray

photoreceptors I and J for stray light is different from the
area of the photoreceptors E, F, G, and H fo: *l-order
diffracted light, the amount of light received by the
photoreceptors I and J may be different from the amount of
. 1ight received by the photoreceptors E, F, G, and H.

In contrast, when the area of the photoreceptors I and
J is equivalent to that of the photoreceptors E, ¥, G, and H,
the amount of stray light received by the photoreceptors I
and J can be equal to the amount of stray light received by
the photoreceptors £ and F, and G and H even in the case of
the intensity distribution shown in Fig. 9. This is
advantageous in removing stray light by the above-described
- operation for generating a tracking error signal TE.

Only one of the photoreceptors I and J may be provided
for stray light. For example, when only the photoreceptor I
is used, the sum signals 31 _SUM and S2 SUM are given by the

following expressions:



Discs and a single lens is used as the objective |ens

8 -‘having a high NA in the above enbodi nent, an

optical head having an equival ent NA can al so be

achieved with a two-unit objective lens. Wile the

liquid crystal elenment 6 is used to correct spherica

aberration caused by a thickness error of the cover

| ayer in the disc 1, other elenments, such as an

expander | ens, may be used. Furthernore, the present

invention is also useful nat3 -only to Blu-ray Discs,

but also to all nultilayer optical disc recordi §5r0704

nmedia. It should be understood by those skilled in the

art g1t bar vat#mous tnodi ficati ons, conbi nati ons,

sub- conmbi nati ons and alterations may occur dependi ng

on &esbygM + dyti-mefents and other factors insofar as

they are within the scope of the appended clains or

t heWéaée vEletisa Reiaef appavatussesPEreyidpgafoy $lu-ray
ri.sin

PECEN S oarabnglaWﬁ S eOe e Tt e 5 A
héUﬁ%{%Ch§ h $ EPe 1-qrder Sﬁ&é{ Q}GdaEF%EEicggdhe d
er rac te

I""ght From I'aser’

nd iy 'iaﬁee!;éﬁ%léﬁtgmz\ W 6850 %Qaéclfl%rv'&i AP ERb-unit
path for applying the 0-order dlffracted light, the

obHlecarigrer 1dhffracted light, and the -1- order
diffracted Iight onto a recording nediun1having a

While the liquid crystal element 6 is used to correct
spherical aberration caused by a thickness error of the
.cover layer in the disc¢ 1, other elements, such as an
expander lens, may be used.

Furthermore, the present invention is also useful not
only te Blu-ray Discs, but also to all multilayer coptical
disc recording media.

It should be understood by those skilled in the art
that various modifications, combinations, sub-combinations
and alterations may occur depending on design requirements

and other factors insofar as they are within the scope of

the appended claims or the eguivalents therecof.



plurality of information recording |ayers, and that
forms an optical path for guiding reflected |ight
fromthe recording nmedium and a |ight-receiving
device for receiving and detecting the reflected
i ght guided by the optical system wherein the
I ight-receiving device includes a first
light-receiving section divided at least in a
tangential direction of a recording track on the
recording nediumto detecti4reflected light of the
O-order diffracted light, two second |ight-recei3A3%§704
sections divided at least in the tangential direction
wafr tisecrecordi ng: track on the recording nediumto
detect reflected light of the +1-order diffracted
light and reflected light of the -1-order diffracted
light, and a third light-receiving section provided
neal - at AR gaiticadndesf EHEPEERHHE | i ght - recei vi ng
sectlgns a Jé?{ §03|t|on 45 S05P0O704 such as not
to Fec®fVve YeEP8EFi ght of the O order diffracted

Ilg ct g f
EB ?é#{%f egfgﬁ ﬁaQ ?££§h %Hege %§§%racted
1ﬂgh&ht ltBQHéﬁ-éf¥ﬁ¥§btbanEEBE|OQmieQE”d¥d@Q hayera@fed
the information recording |layers to be accessed, the
1itghitr drbinghéseeceighitngmiseeti 6nom eded lapgrsilgytl sgﬂmtce,
refl ected fromone or nore information recording
‘thagy dogmat Arr optisgrlt e thafget apphy orardthico R~ pééerdi ng
2. _The optical head according tq cl

|
CHﬂﬁ%%% ﬁdtﬁégh?¢n§hfl gﬁFdFEcg%gf?iF§%%ﬁﬁgﬁtrsaﬂgsﬁ%§e&’

ofgér dgg§£559edsfggkt onto a recording medium having a
plurélity of information recording layers, and that forms an
optical path for guiding reflected light from the recording
medium; and

a light-receiving device for receiving and detecting
the reflected light guided by the optical system,

wherein the light-receiving device includes a first
light-receiving section divided at least in a tangential
direction of a recording track on the recording medium to
detect reflected light of the (O-order diffracted light, two
second light-receiving sections divided at least in the
tangential direction of the recording track on the recording
medium to detect reflected light of the +l-order diffracted
light and reflected light of the -l-order diffracted light,
and a third light-receiving section provided near at least

one of the second light-receiving sections and at a positieon




as to substantially uniformy receive stray |ight of
the O- order diffracted light, stray light of the
+1-order diffracted Iight, and stray light of the
-1-order diffracted Ilight reflected by the one or
nore information recording |ayers other than the
target information recording |ayer. 3. The optica
head according to claim1l, wherein the third
l'ight-receiving section has an area equivalent to the
area of photoreceptors of #he-second |ight-receiving
sections. 4. An optical drive apparatus conprisi 8§-5Fan04
-optical head that applies laser light onto a
sulc@Ccakdhsg R didim:iRaviragldcddiraldgry oFf thaf orsedd.on
recording - 46 SO05P0704 |ayers for recording and/or
dirfféprodtadt 1 oohtgndafiattdet eogist afefdhecttédobdghtdifffommcted
the recording nmedium a signal generating circuit that
llgfélﬁer anésref ¥ashiesi Adgaheredrthe gralordent dagkragtest rlétrght
gnal, and an_i nfornmation |gnal on t he basj s_of
frro@f PebREIET .Jgrﬁora@ttéefleaemrfi rcal ﬁ%%dln%omatmn
reproduc |on circuit _that q?tqﬁps reprogu

recquln S to be access thi 8££ re?e1v1ng
y Processi'ng n ornatlon Si
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servo circuit hat performs focusi ng servo operatl on

irdRembE 86K P GRIIVWY Qpeeali Ofhac e nget @atfet f ocusi ng
error signal and the tracking error signal generated
infprinheisn gnadordjenserlayeng circuit,

2. The optical head according to claim 1, wherein the
third light-receiving section is disposed at a position such
as to substantially uniformly receive stray light of the 0-
order diffracted light, stray light of the +l-order
diffracted light, and stray light of the -l-order diffracted
light reflected by the one or more information recording

layers other than the target information rececrding layer.

3. The optical head according to claim 1, wherein the
third light-receiving section has an area equivalent to the
area of photorecepters df the second light-receiving

sections.

4, BAn optical drive apparatus comprising:
an coptical head that applies laser light onto a

recording medium having a plurality of information recording



wherein the optical head includes a | aser |ight source
for emtting the laser |ight, an optical systemthat
produces 0O-order diffracted light, +1-order diffracted
light, and -1-order diffracted light fromthe | aser
light emitted fromthe |aser |ight source, that forns
an optical path for applying the O-order diffracted
light, the +1-order diffracted light, and the
-1-order diffracted light onto the recording nedium
and that forns an optical- gath for guiding the
reflected light fromthe recordi ng nedium and aS0520704
light- receiving device for receiving and detecting
1alee s ebkegd @skdilnggRhaguirdedp Bydide @pkineakthsy sé€facts
wherein the |light-receiving device includes a first -
reflec868PDYEHL frcghttheecervrdingestdiom;di vi ded at | east
in a tangential direction of a recording track on the
rec@rﬂ%%@?%ﬁﬁﬁﬂ@ﬁﬁ?éngd@%%%@lﬁeﬁhaécﬂéﬂeF@E%@ dff e ing

der djffracted .l ht, two cond ht-rece n
er§é>a S5heth i 35 ndatror M e ts &?&eﬁ LRESARAdY

9PN Bn! EEOTAG LACh O NS LEE 0o ggglgggﬂ%,o the

oﬁﬂlggg gggdreflected l'ight of the -1 order diffracted
l'ight, and a third I i ght-receiving section provided
neas aépt@Asitiocaneiotutbetiserandalinghkepesenat th
sections and at a position such as not to receive

infefrnettied »y ghtocefsstihg Oher teformkitfifnactiedali gemerated
reflected |ight of the +1-order diffracted 1I|ight, and

kW?éPFeE%@Ha}|%ﬂﬂe§ﬂtHPﬁeC1ICBFHera%ﬂffracted light from

?ngg:%gtY%ngkggklgﬂa e£8£ or 'fﬁgﬁglgg ggrvo operation
and tracking servo operation according to the focusing error
signal and the tracking error signal generated by the signal
generating circuit,

wherein the optical head includes a laser light source
for emitting the laser light, an optical system that
produces O-order diffracted light, +l-order diffracted light,
and -l-order diffracted light from the laser light emitted
from the laser light source, that forms an coptical path for
.applying the O-order diffracted light, the +l-order
diffracted light, and the —l—ofder diffracted light onto the
recording medium, and that forms an coptical path for guiding
the reflected light from the recording medium, and a light-
receiving device for receiving and detecting the reflected
light guided by the optical system,

wherein the light-~receiving device includes a first



recording layers to be accessed, the third
light-receiving section receiving stray |ight
reflected fromone or nore information recording
| ayers other than the target information recording
| ayer, and wherein the signal generating circuit
generates the tracking error signal in a differentia
push-pull method on the basis of detection signals
fromthe first, second, and third |light-receiving
sections. 5. The optical ddi’7ve apparatus according to
claim4, wherein the signal generating circuit S05P0704
generates a first push-pull signal for the 0-order
1idjnfcbrackedi hy GO Beviad8 2SO0 M04n Bashagohtidie
etection signal fromthe first |ight-receiving
disecttion, offeaerat@sliagsecantl pusthputdccidgngl médiun hes
+1- order diffracted light and a third push- pul
defiegrakefdectpe lightoredeithdi Pfeadeediififgacted Lhehbasiwy

of the detection  signals fromth econd .
Sqqoﬁﬁtiﬁ%@%F%??ﬁﬁ%%E&%ﬁﬁ }°n§tﬁhﬁﬁ$ﬂ$fﬁs1€ﬁ§th?s?@e
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acKing error 'signa y operati on on e
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signals, and generates, on the basis of the detection
lisjihg@nahdf renl ébeed tihignd bifghhe r ecebvddiy di€Etrb6Bed 1ight,

standardi zation signals used to standardi ze the
argeeomtiaddlight o quesivipyl bestgoml mroB.detheecept ataleast

drive apparatus according to claim5, wherein the
ong #Ad&PEI 28EPRR SiYaIrscaiElgenerat ¥ hypndsabt o § hgton

su?c?le a%r gggc}:oozt'eéebievederte%iteicggdsil.ggﬁlz (Ig thet Iagorder
diffracted light, reflected light of the +l-order diffracted
light, and reflected light of the -l-order diffracted light
from a target information recording layer of the information
recording layers to be accessed, the third light-receiving
section receiving stray light reflected from one or more
information recording layers other than the target
informaticon reccrding layer, and

wherein the signal generating circuit generates the
tracking error signal in a differential push-pull method on
the basis of detection signals from the first, second, and

third light-receiving sections.

5. The optical drive apparatus according to claim 4,
wherein the signal generating circuit generates a first

push-pull signal for the O-order diffracted light on the



third Iight-receiving section and a coefficient from
~the sum of the detection signals fromthe second
light-receiving sections. 7. A tracking-error-signa
generating nmethod for an optical drive apparatus
havi ng an optical head, wherein the optical head
includes a laser light source for emtting |aser
light, an optical systemthat produces O-order
diffracted light, +1-order diffracted Iight, and
-1-order diffracted light 48Brem |l aser light emtted
fromthe laser - 49 S05P0704 |ight source, thatSs05P0704
forms an optical path for applying the 0- order _
badifsf bECtrd dd@Hvti dnheigha0r desm dHd rracked1t bt redidring
the -1-order diffracted |ight onto a recordi ng nmedi um
selraniiong gangrafrexd ia segbninposhratulon shigoeddifng thag erls;
and that forms an optical path for guiding reflected
ondeghdif fpar et Iricddr andganbll timPusdd Al §heoskcIvithe
device for_receivin and detecting t refl ected
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sl FEGE WD S LERS TLREC A DY Rbesope,
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recording nediumto detect reflected l'ight of the
gerctizies ohé fianiiathg ieghbr E¥enasesgonrgeraghtnrecetiv ng
sections divided at least in the tangential direction
steihdelrdiredof digily tseackdenattethiacbrdishgpudddsupmalos, and
detect reflected light of the +1-order diffracted
gqreFREeandoR et dasd 5 icdhthef de e tirrosdaradi fFract

[.i . L . : : .
thlr%haight-rece1V1ng section, standardization signals used

to standardize the second and third push-pull signals.

6. The optical drive apparatus according to claim 5,
wherein the standardization signals are generated by
subtracting the product of the detection signal from the
third light-receiving segtion and a coefficient from the sum
of the detection signals from the second light-receiving

sections.

7. A tracking-error-signal generating method for an
optical drive apparatus having an optical head, wherein the
optical head includes a laser light scurce for emitting
laser light, an optical system that produces 0O-order
diffracted light, +l-order diffracted light, and -l-order

diffracted light from laser light emitted from the laser



and a third light-receiving section provided near at

| east one of the second |ight-receiving sections and

at a position such as not to receive reflected |ight

of the O-order diffracted Iight, reflected |ight of

the +1-order diffracted Ilight, and reflected Iight of

the -1-order diffracted light froma target

i nformati on recording |ayer of the infornmation

recording layers to be accessed, the third

light-receiving section-—Tédd®iving stray |ight

reflected fromone or nore information recordi ng05pP0704

| ayers other than the target - 50 SO6P0704
ligMtoBakben feeording Layeptiddd pher ggr bBBlying the 0-

tracki ng-error-signal generating nethod conprises the
orstegpsiidfragem@riatghng ahki ritopdsh-giuifirasitgdallifot, tdrmed

O-order diffracted I'ight on the basis of a detection
thy glalrfesndi htragtiadsighghentecei IRy cseet meAium having

st.andardi zing. the first push-pull signal; ner at i a
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| i ght. _and hird push-pull -si f.on .t -1-. order
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on the"basis of a detection signal Tromthe third

arld gltebecriving setidcerd $tandagaizat ign thegbptscased

to standardi ze the second push-pull signal and the
sydtiem@d push-pul | signal; standardi zing the second and

third push-pull signals by

wherein the light-receiving device includes a first

light-receiving section divided at least in a tangential
direction of a recording track on the recording medium to
detect reflected light of the 0O-order diffracted light, two
second light-receiving sections divided at least in the
tangential direction of the recording track on the recording
medium to detect reflected light of the +l-order diffracted
light and reflected light of the -l-order diffracted light,
and a third light-receiving section provided near at least
one of the second iight-receiving sections and at a position
‘such as not to receive reflected light of the O-order
diffracted light, reflected light of the +l-order diffracted
light, and reflected light of the -l-order diffracted light
from a target information recording layer of the information
recording layers to be accessed, the third light-receiving

section receiving stray light reflected from one or more

information recording layers other than the target



usi ng the standardi zation signals; and generating a
tracking error signal in a differential push-pul

nmet hod by operation on the standardized first,

second, and third push-pull signals. 8. The

tracki ng-error-signal generating nethod according to
claim?7, wherein the standardi zation signals are
generated by subtracting the product of the detection
signal fromthe third light-receiving section and a -
51 SO05P0O704 coefficient B60om the sum of the
detection signals fromthe second |ight-receivi 8§5pr0704
sections.

information recording layer, and
| wherein the tracking-error-signal generating method

comprises the steps of:

generating a first push-pull signal for the O-crder
diffracted light on the basis of a detection signal from the
first light-receiving section;

standardizing the first push-pull signal;

generating a second push-pull signal for the +l-order
diffracted light and a third push-pull signal for the -1-
order diffracted light on the basis of detection signals
from the second light-receiving sections;

generating, on the basis of a detection signal from the
third light-receiving section, standardization signals used
to standardize the second push-puil signal and the third
push-pull signal;

standardizing the second and third push-pull signals by
using the standardization signals; and

generating a tracking error signal in a differential
push-puil method by operation on the standardized first,

second, and third push-pull signals.

8. The tracking-error-signal generating method
according to claim 7, wherein the standardization signals
are generated by subtracting the product of the detection

signal from the third light-receiving section and a



- 51 —
S05P0704

coefficient from the sum of the detection signals from the

second light-receiving sectiocns.



