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OPTICAL PICKUP, TILT DETECTION APPARATUS, TILT DETECTION

- METHOD AND OPTICAL DISK APPARATUS

BACKGROU&D OF THE INVENTION
1. Field of the Invéntion
The presént invention relates toc an optical
pickué for exposing a laser beam passed through a
diffréction grating to an oﬁtical'disk, a tiit detection
apparatus, a tilt-defection_me#hod for deteéting a tilt

of the oétical disk, and-an optical disk apparatus.

2. Description of the Relate§ Art

. In the optical disk éppafatus, when a tilt exists
on the optical disk, the deterioration of the signal
quality of a reéqrding siénal and/or a reproducing signal
of the optical disk may be occurred. Fér co::ecting the’
tilt of the optical disk, iﬁ is necessary to detect thé
tilt of the optical disk and gemnerate a signal in
responsé to the tilt.

An invention_of an optical pickup is disclosed in
Japanese Unexamined Patent Publicﬁtion (Kokai) No.9-
128785. In this Publicatioh, in an optical pickup
comprising a laser beam source, an objective lens and an
aberration correction use liquid crystal panel,-ig is

disclosed to change the refractive index of the liquid
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crystal panel in response to the fhickness or the tilting
angle of the liquid crysﬁal panei.

Further, it is disclosed that a tilt sensor
-detects the tilting angle and a liquid crystal panel
control circuit diiveé the liquid crystal panel to change
the refractive indéx Saséd on the tiiting angle.

In ﬁhe opﬁical pickup of said Publication No.S%-
1287885, éﬁé position for érranging the.tilt'éensor is
restricted, and, in ﬁhe optical disk, a point to which
the laser be;m is expecsed is different from a poin£ where
the tilt sensor aeteqfs the.tilt, and thus it is
difficult to detect the tilt of the _opti.cal disk

precisely.

SUMMARY OF THE INVENTION
An object of the present invention is to provide a
" tilt détection apparatus and a tilt dgtection.method
capasle'of.detecting a tilt of an opfical-diskf

Further, anotherlobject of the presenf invention is
to provide an optical pickup applicable in said tilt
detection apparatus.

Furtﬁer, still another object of the present
invention is to provide an optical disk apparatus.

.A first optical pickup according to the present

invention comprises a laser for outputting a laser beam;



a diffraction grating for diffracting the laser beam from
said laser to generate a Oth order diffraction beam and
+-first.order diffraction beams; an objective lens for
collecting said 0Oth order diffraction beam and said +-
first order diffraction beams and'exposing the beams to
an'optical disk on which £r;ck guide grooveé are formed;
and a photodetector for generating sigﬂﬁls in response to
said +-first order diffraction beams reflected.at said
oﬁtical aisk, and each of said.+-first order diffraction.
beams éxposed to said optical aisk has tha'phase
distribution eqﬁal to or substantiaily equal to the phase
distribution due to the wave front aberration generatéd
on said opticél disk when said optical disk is tilted,
and said photodetéctor compriées light recei&ing portions
for recéiving each of said +-first order diffiaction
beams reflected at said optical disk,-and each of said
light;receiving poxrtions is.divided in tﬁe direction in
response to the track direction on said optical disk.

In the first optiéal pickup according to the present
invention, ﬁreferably, said objective lens collects said
Oth order diffraction beam and exposes it to the track of'
said optical disk, and a distance from the center. part
of the optical spot of said O0th order diffraction beam to
the center part of the optical spots of said +-first

order diffraction beams in the disk radial direction is,



where n is an integer of 0 or more, equal to or
approximately equal to a (n/2 + 1/4) ti@es of the pitch
of said track or said track guide groove.

In the fifst optical pickup acco;ding to the present
invention, preferablj, said phase distribution of one of
said +-first order diffraction beams is_a phase |
distri£ution generated when the.tilting-aﬁgle of said
optical-disk ié.a positive constant angle, and said phase
diéﬁribution of another of said +-first orxdex diffréqtion
beams is a phése distribution generated when the tilting
ahgie of said optical disk'is.a negative constant angle.

In the first optical pickup according to the present
inﬁention, preférably, it fur£her comprises an actuator
for moving saidlébjective lens in the disk radial
direction in response to an eccentricity of said optical
disk, and a position sensor for detecting the quantitf of
movement or the quantity of.cﬁange of said objective
lens.

A second optical pickup according to the present
invention comprises a laser for outputting a laser beam,
a first diffraction graﬁing for diffracting the laser
beam from said laser to generate a main léser beam
including a Oth oxdex diffraction beam and first and
second sub laser beams including one of +-first order

diffraction beams, a second diffraction grating for
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-diffracting said main laser beam to generate a main laser
diffraction beam including a Oth order diffraction beam
and third and forth sub laser diffraction beams including
one of +-first order diffraction ﬁeams and diffracting
said first and second sub laser beams to generatg'first
and second sub laser diffracfion beams inclﬁding a Oth
order diffraction beam, an objective'leng for collectiné
said main laser diffraction beams and said first to forth
sub laser 4iffraction beams and exposing the beams to-an
optical disk on which track"guide grooves are formed, and
a.phpto§etector for genérating Signals in fesponse to
said main laser diffraction beams énd.said-first to forth
' sub laser diffraction beams reflécted at said optical
disk, and each of said fi£s£ and secopd sub laser
giffraction beams exposed to said optical disk has the
phase distribution equal to or substantially-equal'to the
phase distribution due to the wave front aberration
geneiated §n said opticai'disk when-said optical disk is
tilted.'

In the second optical pickup according to the present
invenﬁion, preferably, said objective lens collects said
main laser diffraction beam and exposes it to the track
of said optical disk, and a aiétance froﬁ the center part
of the optical spot of said main laser diffraction beam

to the center part of the optical spots of said first and



second sub laser diffraction beams in the disk radial
direct@on is, where n is an integer of 0 or more, equal
to or approximately equal to a (n/2 + 1/4) times of the
pitch 9f said track or said track guide groove.

In the second optical pickup according to the present
invention, preferably, a distance from the center part of
the optical spot.of said main laser diffraction beam to
the center part of the optical spots of said third and
forth sub laser diffraction beams in the disk radial
direction is, when m is an.integér of 0 or more, equal to
" or approximately equal to a (m + 1/ 2) timés of the
pitch of said ﬁrack or said track guide groove.

In the second oétical pickup according to the present
invention, preferably, said phase distribution of one of
said first or seqond sub laser diffractioﬁ beams is a |
phase distribution generated when the tilting.angié of.
said optical disk is a positive constant angle, and said
phése distribution of another of said first or second sub
lasgr diffraction beams is a phése distribution generated
when the tilting angle of said optical disk is a négative
constant anéle.

In the second optical pickup according'to the present
invention, preferabiy, said photodetector comprises light
receiving portions for receiving each of said main laser

diffraction beam and said first to forth sub laser
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diffraction beams refiected.at said optical disk, and
each of said light receiving portions is divided in the
direction in response to the track direction on said
optical disk

-In tﬂ; second optical pickup according to the present
invention, for example, it may be made the configuration
which said.wave front aberration is the coma aberration
éenerated at a transparené& substrate of said optical
disk. |

" A first tilt.detection-apparatus.according to the
present invention dompriseé a laser for outputting.a:
laser beam, a diffraction grating fér diffract the laser
beém'from.;aid lésgr to generate a Oth order diffraction
:beaﬁ ana +-first order diffraction beams, an objective
lens forucollecting said 0th order diffraction beam and
+—first.order diffraction beams and exposing. the Seams to -
the optical diék on which track guide groovés are formed,
a generating circuit for generating push-pull signais of
said +-first order diffraction beams reflected at said
_optical disk, and a detection circuit for detecting a
tilt of said optical disk based on the sum of the push-
pull signals of said +-first order diffraction beams, and
each of said +-first order diffraction beams exposed to

said optical disk has the phase distribution equal to or

substantially equal to the phase distribution due to the



wave front aberration generated on said optical disk when
said optical disk is tilted.

In the first tilt detection apparatus according to
-the present invention, preferably, said objective lens
collects said Oth order diffraction beam and expo#es it
to the track of said optical disk, and a distance from
the ceﬁter part of the optical spot of said Oth orxder
difffaction beam to the cenfer part of the optical spots
of said +-first order diffractioﬁ'beams-in the disk
radial diréction is, where n ig'an integer of 0 or more,
equal to or approximatéiy équallko a (n/2 + 1/4) times of
the pitch of said track or said track guide groove.

In the first'tiiﬁ detecfion appar;tus accordiﬁg to
the present invention, preferably, said phase |
distribution of one of said +-first order diffraction
 beams is a phase distribution geﬁerated when the tilting
angie of.said optical disk is a positive constént angle,
and said pﬁase distribution of another of.said +-first
order diffraction beams is a phase distribution generated
when the tilting angle of said opticgl disk is a negative
constant angle.

In the first tilt detection apparatus according to
the present invention, preférably, it further comprises a
photodetector, said photodetector comprises light

receiving portions for receiving each of said +-first
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order diffraction beams reflected at said optical disk,
.and each of said light reéeiving portions is divided in
the direction in response to the track direction on said
optical disk, and said generating circuit generates the
.push-pull signals of said +-first order diffraction beans
based onithe output signals from said iight receiving
portions of said photodetector.

In fhe first tilt detection'apparatus according to
the present invention, preferahiy, it further qompriées
an actuator for moving said objective iens in the disk
radial direction in reéponse to an eccentricity of said-
optical disk, and a pdsitioﬁ sensor for detecting the
quantity of movement or the:éuéptity of change of said
objective lens, and said detection circuit generates an
-eccentricity signal in res?oﬂse to tye eccentﬁicity of
s%id opticai disk based on said quantity of movement or
the_qu;ntity of change detected by said position sensox
and detecting a tilt of said optical disk.based on the
deference between the sum of the push-pull signais of
said +-first order diffraction beams and said
eccentricity signal.

A second tilt detection apparatus according to the
present invention compriées a laser for outputting a
laser beam, a first diffraction grating for diffracting

the laser beam from said laser to generate a main laser
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beam including a Oth order diffraction beam and first and
second sub laser beams including one of +-first order
diffraction beams, a second diffraction grating for
diffracting said main laser beam to generate a main laser
diffraction beam_including a 0th order diffraction beam
and third and forth sub laser diffraction beams including.
-one of +-first order diffraction beams and diffracting
said first and second sub iaser beams to generate first
-and second sub laser diffraction beams including a 0Oth
order-diffracfion beam, an objective lens for coliecting
Said main laser diffraction beam and said_firét to forth
sub laser diffraction beams and exposing the beams to an
optical disk on which track gﬁide grooves:  are formed, a.
generating_circuit for generating push?pull signals of
;aid main laser diff;action beam and said first to fprth
sﬁb laser diffraction beams reflected at~said-optical
disk, aﬁd a datection circuit for generating an
eccentricity signal in response to the eccentricity of
said optical disk based on the push-pull signals of said
main laser diffraction beam and said third and forth sub
laser diffraction beams and detecting a tilt of said |
opticalldisk based on the deference between the sum of
the push-pull signals of said firs£ and second sub laser
diffraction beams and said eccentricity signal, and each

of said first and second sub laser diffraction beams
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exposed to said optical disk has the phase distribution
equal to or substantially equal to the phase distribution
due to the wave front aberration generated on said
optical disk when said opﬁicai disk is tilted.

In the second tilt detection apparatus according to
the present invention, preferably, said objective lens
collects said main laser diffraction beam and exposes it
to the track of said optical disk, and a distance from
the center part oflthe optical spot of said main laser
diffiaction beam to the center part of the optical spots
of said first and seqéﬂd sub laser diffraction beams in
the disk radial direction i;, wheré n is an integer of 0
or more, equal to or approximately equal to a (n/2 + 1/4)
times of the pitch of said tréck or said track guide_
groove.

In the second tilt detection apparatus accﬁrding to
the present invention, fu;ther preferably; a disténce
from the center part of thé optical spot of said main
laser diffraction beam to the center part of the optical
spots of said third and forth sub laser diffraction beams
in the disk fadial direction is, when m is an integer of
0 or more, equal to or approximately equal to a (m + %)
times of the pitch of said track or said track guide

groove.

In the second tilt detection apparatus according to
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the present invention, prefgrabiy, said phase
distribution of one of said first or second sub laser
diffraction beams is a phase distribution generated when
the tilting angle of said optical disk is a positive
constant'angle, and séid phase distribution of another of
said first or second sub laser diffraction beams is a
-phase distribution generated whén the tilting angle of
said optical disk is a negative éon;tant angle. .

In the second tilt detection épparatus according to
the present iﬁvention, preferably, it further éomprises a
'photodetector,.and said photodetecfér compfises iight
- receiving portions for receiving each of said main laser
diffraction beams and said fiﬁst to forth sub iaser
&iffraction beams reflected at said optical disk, and
each éf said light receiving poftions is éi#ided ;n.the
direction in response to the track direction 6n said
optical qisk, and sai& generating circuit generates the
push-pull signals of said main laser diffraétion beam and
said first to forth sub laser diffraction beams based on
the output éignals from said light recei&ing portions of
said photodétector.

A first tilt detection method according té the
present invention comprises the steps of diffracting a
laser beam tc generate a Oth order diffraction beam and

+-first order diffraction beams and exposing said
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generated Oth order diffraction beam and +~-first order
diffraction beams to an optical disk on which the track
guide grooves.are formed, generating push-pull signals of
éaid +-first order diffraction beams reflected at said
optical disk, and detecting the tilt of said optical'disk
based on the suﬁ of the push-pull signals of said +-first
order diffraction beams, and each of said +-first order
diffraction beams reflected at said optical disk has the
phase d;stribution equal to or substantially equal to the
phase disfrigution due to the wave front aberration
generated on said optical disk when said optical disk is
tilted. | |

In the first tilt detéction method according to the _
present invention, preferably, séid exposing step has the’
steps of collecting said Oth order diffraction beam and
+-first order diffraction beams and exposing-gaid Oth
6rder diffraction beam to the track_of said optical disk,
and a distance from the center part of the optical spot -

of said Oﬁh order diffraction beam to the center part of

the optical spots of said +-first order diffraction beams

in the disk radial direction is, where n is an integer of -

0 or more, equal to or approximately equal to a (n/2 +
1/4) times of the pitch of said track or said track guide

groove.

In the first tilt detection method according to the
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present invention, preferably, said phase distribution of
oﬁe of said +-first order diffraction beams is a phase
distribution genérated when the tilting angle of said
optical disk is a positive constant angle, and said phase
distribution of another of said +-first oxder diffractidp,
beams is a phase distribution generated when the tilting
angle of said optical disk is a negative constant angle.

In the firét t;lt_&etection method-according to the
present invention, preferably, ut further comprises the
step of generating an eccentricity ;ignal in response to
the eccentricity of said optical disk, and said detectiﬁg
step has a step of detecting the tilt of said oétical
disk based on the difference between the sum of the push-~
pull sigﬁals of said +-first order diffraction beams and
'said eccentricity signal.

A second tilt detection method according to the
présant inventionicomprises the steps of diffracting the
laser beam to generate a mg@gﬂlaser beam including a Oth
order diffraction beam and first and second sub laser
beams including one of +-first order diffraction beams,
diffracting ‘said main laser beam to generate a main laser
diffraction beam including a 0th order diffraction beam
and third and forth sub laser diffraction beams including
one of +-first order diffraction beams and diffracting

said first and second sub laser beams to generate first
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and second sub laser diffraction beams including a Oth
order diffracfion beam, exposing said main laser
diffﬁacticn beam and said first to forth sub laser
diff;action beams to an optical disk on which track guide
grooves are formed, generating push-pull signals of said
‘main laser diffraction beam and said'first to forth sub .
" laser diffraction beams reflected at said optical disk,
and geﬁerating an eccentricity signal in response to the
eccehtricity of said optical disk bascd on the push-pull
signalé of said main lacer diffraction beam and said
third and forth sub.laser diffraction beams and detecting
a tilt of said optical disk based on the deference.
between the scm of the push-pull signals of said first
and second sub laser diffraction beams and said.center
eccentricity signal, and each of said first and second
sub laser diffraction beams exposed to said oﬁtical disk
has the phase distribution equai tc or substantially
equal to the phase distribution due.ﬁo the wave fgont
aberration generated on said optical disk when said
cptical disk is tilted.

In the second tilt'detection method according to the
present invention, preferably, said exposing step has a
step of ccllecting said main laser diffraction beam and
said first to forth sub laser diffraction beams and |

exposing said main laser diffraction beam to the track of
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said optical disk, and a distance from the center part of
the.optical spot of said main laser diffraction beam to
the center part of the optical spots of said first and |
sécond sub laser diffraction beams in the disk radial
direction is, where n is an integer of 0 or more, equél
to or approximately equal to a (n/2 + 1/4) times of the
pitch of said track or said track guide groove. ¢

In the second tilt detection method accbrding to the
present invention, further preferably, a distance from
fhe center pa;t of tﬁe optical spot of said main léser
diffraction beam fé the center part of the optical spots
‘0of said third and forth sub laser diffraction beamé in
the disk-radial direction is, when m is an integer of 0
or more, equal to or appréximately equal toa (m + 1 / 2)
times of the pitch of said track or said track guide
groove.

In the second tilt detection method -according to the
present invention, preferably, said phase distribution of
one of said first or second sub laser diffraction beams
is a phase distribution generated when the tilting angle
of said optical disk is a positive constant angle, and
said phase distribution of anothexr of said first or
second sub laser diffraction beams is é phase
distribution generated when the tilting angle of said

optical disk is a negative constant angle.
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An optical disk apparatus according to the present
invention comprises an optical pickup for diffracting a
laser beam from a laser, generating a 0 order diffraction
beam and +-first order diffracﬁion beams having the phése
distribution equal to or approximately equal to the phase
distribution due to the wave front aberration of an
oétical disk when £he optical disk is tilted, exposing
the 0 order diffraction beam and +-first order
diffraction beams to the optical disk, and receiving
refledtéd beams of said exposea beams from thg optical.
disk to generate signals in response to each of the
reflected signals, a signal generation circuit for
generating push-pull signals of said received reflected
beﬁms of at least said +-first order diffraction beams, a
til£ detection circuit for detecting tbe tilt of the
opﬁical.disk based on the sum of said generated push-pull
signals of said +-first order diffraction beams, and a
tilt corfection portion for correcting the tilt of the
optical disk in response to said detected tilt.

In the first tilt detection apparatus according to
the present inventioq mentioned above, the +-primarxry
diffraction beams generated by the.diffraction grating
have a phase distribution equal to or nearly equal té the
phase distribution due to the wave front aﬁerration

generated on the optical disk while the optical disk has
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a tilt.

By said phase distribution, the push-pull signal of
one of the +—p;}mary diffraction beams becomes the
maximum value a£ the certain tilt angle(6) and the push-
- pull signal of another of the +-§fimary diffraction beams
becomes the minimum valug at the certain tilt angle(-6) .
By obtaining an additional signal as the result of
-additibn of the push-pull signals of the +—§rimary
diffraction beams,.the value.of the additional signal can
be made 0 while the tilt angle of the optical disk is 0°
and tﬁe symmetrical additional signal corresponding to
the positive and negative tilt.angles can be obtained, so
that the ti;t angle is detectable by the additional
signal. |

In the second tilt dgtection apparatus acéording to
the present inveﬁtipn mentioned above, the first and
second sub laser diffractjon beams generated by the first
and second diffraction gratings have a phase distribution
.equal to or-substantially equal to the phase distribution
due to the wave front aberration generated on the optical
disk while the optical disk has a tilt.

By said phase distribution, the push-pull signal of
one of the first and second sub laser diffraction beams
becomes the maximum value at the certain tilt anéle(e)

and the push-pull signal of another of the first and
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sacond sub laser diffraction beams becomes the minimum
value at the certain tilt angle(-6) . By obtaining an
additional signal as the result of addition of the push-
pull signals of the first and second edditional'beams,
the value of the additional signal can be made 0 while
the tilt angle of the optical disk is 0° and the
symmetrical additional signal correspending to the
positire and negative tilt angles can be obtained, so
that the tilt angle is detectable.by the additional

signal.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects and features of the_éreEent
invention will become more clearer from the following
description of the preferred embodiments with reference
to’ the accompanying drawings, in which:

Figures 1A and 1B are views for explaining the-
relationship between the light intensity and the position
of the 1ight spot formed on the optical disk as an
example;

Figure 2 is a view of the characteristics showing the
relationship between the tilting angle in the disk radial
direction and the sum of the push-pull signals of the +-
first order diffraction beams; |

Figure 3 is a view for explaining the interference
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fringes calculated using the computer hologram technology
as an example; |

Figures 4A and 4B are views of the configuration of
 the diffraction grating formed the interference fringes
shown in Fig. 3 as an example;

Figure 5 is a schematic view of the configuration 6f
the optical pickup comprising the diffraction grating
shown in Figs. 4A and 4B;

Figure 6 is a schemétic view of the configuration of
the light receiving poréion.of the photodetector shown in
Fig. 5;

Figure 7 is a view for explaining the ariangement éf
the light spots on the recording élane.of the optical
disk;

Figure 8 is a view for explaining the relationship’
between the tilt error signal TS and the tiltihg anéle}
especially when the tracking error is not exist (on track
state) ;

Figure 9 is a view for explaining the relationship
between the tiit error signal TS and the tilting angle
when both the cases the tracking error is exist (detrack
statg) and is not exist (on track state):;

Figure 10 is a block diagram showing an embodiment of
the optical disk apparatus comprising the optical pickup

shown in Fig. 5;
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Figure 11 is a flow-chart showing the detection
method for detecting the tilt in the radial direction of
the optical disk in the tilt detection apparatus of the
optical disk apparatus;

Figure 12 is a view of the configuration of the
optical pickup formed by adding the diffraction grating
- to the optical pickup:;

Figure 13 is a. view of the configuration of the light
receiving poftion of the photodetector shown in Fig. 12;

Figure 14Ii$ a view for explaining the arrangement of
the light sp;ts on the recording plane of the opticai
&isk;

_ Figure 15 is a view for explaihing the relationship
between the tilt error signal TS and thé tiiting angle
when both the cases the trackihg error is exist (detrack
sﬁate) and is not exist (on track state);

Figure 16 is a block diagram sﬁowing the
configuration of an embodiment of the optical disk
apparatus compﬁising'the optical pickup shown in Fig. 12;
and

Figure 17 is a flow-chart showing n the detection
method for detecting the tilt in the radial direction of
the optical disk in the tilt detection apparatus of the

optical disk apparatus shown in Fig. 16.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will
be explained with referehce-to ﬁhe attached drawings.

An optical disk apparﬁtus'generally comprises anl
optical pickup, collects a laser beam outputted from the
semiconductor laser insidé the optical pickup, and
exposes.it to the optical disk.

Fig. 1A and 1B are views for explaining-thé
relétionship between the light intensity and the position
of the light sp§ts formed on the optical disk_as an
ekample. Fig. 1A is a view for showing the relationship
between the_iight intensity and the position when tﬁe
optical disk is not tilted (on track state) as an
e#ample; Fig. 1B is a view for explaining the
relationship between the light.intEnsity and the posiﬁion
when the optical disk is tilted as an examplg.” |

When the optical disk is'tilted (inclined), the
intensity of the center of the light spots becomes lower
and the siderobe appears in the tilting direction.
Further, due to the léwering of the intensity of the
center of the light spot, the amplitude of the
reproducing signal in response to the quantity of the
reflected light is decreased, and thus the quality of the
signal may deteriorates.

This is because, when the laser beam strikes a
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transparency substrate (disk éubstrate) of the tilted
optical disk, the laser beam passed through the
transparencf substrate to the recording plane is
effected, the spatial phase distribution, for éxample the
phase distribution due to the wave front aberration, and
the collecting performance of the light spot formed on
fhe recording surface becomes lower.

When the phase distribution correspéndigg to the
tilting angle © is given to one laser beam in advance,
the phase distribution corresponding to the tilting angle
-9 is given to another 1asér beam ip advance, and both
the laser beams having equal light intensities,'the

reproduced push-pull signals obtained from each of the

laser beams are shown by the
B in Fig. 2. Then, by adding
pull signals to generate the

characteristic curve becomes

characteristic curves A and
the both reproducing push-
sum signal, the

(A+B), so that the tilt

error signal in response to the filts (oxr the tilting

- angle) of positive and negative can be obtained.

In the present embodiment, to detect a tilt of an

optical disk, the phase distribution equal to or

approximately equal to the phase distribution generated

due to the tilt of the disk substrate in the disk radial

direction is added to the laser beam by using the

diffraction grating before the striking it to the optical
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disk.

In the optical pickup of the related art, the 0Oth
order diffraction beam and the +-first ordef diffraction
beams, generated by the laser beam passed through the
diffraction grating, have a homogeneous or substantially
homogéneous prhase distribution in a propagation
direction. The 0Oth ordér diffraction beam and the +~first
order diffraction beams pass through the objective lens
to form one main light spot and two sub light sﬁots on
_the optical disk at fhe same timei o

On the other hand, by forming the diffraction grating
the specific pattern, the 0th order diffraction beam may
have the homogeneous phase and the +-first order
diffraction beaﬁé méy be given the spatial phase
distributions generaﬁed’when they pass_fhrcugh the disk
substrate tiltipg in_positi&é direction and negativé
direction;

As the result, passing through the objective lens,
one main light spot when the optical disk is not tilted
and
two-sub light spots equal to ox substantiallj equal to
the case ﬁhe positive and negative tilts exist, may be
formed on the optical disk at the same time.

Here, by applying the computer hologram technology,

the interference fringes formed on a screen by the laser
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beam striking the screen in a right angle and having a
homogeneous phase distribution and laser beams striking
the screen with the predetermined angle and direction to
the above laser beam having the homogeneoﬁs phase
distribution and having épatial phase distributions
generated when they pass through the disk substrate
tilting in positive direction or negative direction, can
bé obtained found by a computer.

Note that, the angle and direction of the.two laser
beams are matched tc the angle and direction of the 0Oth
order diffraction beam and the +-first order diffraction
beams after passing through the diffraction grating in
the case that the diffraction grating is mounted on the
optical pickup. |

First, the phase distribuﬁion éf the laser beam
passing through the-ﬁilted disk substrate is defined by
the.equations. The description by polynomiai development
of the wave front aberration is used for defining the
equations.

By the polynomial development of the wave front
aberration, the coma aberration is major part of the wave
front aberration generated by the tilting transparency
substrate.

When this coma aberration Wc is expressed by the

following equatibn (1), where x is a position in the disk
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radial direction, and an orthogonal coordinate (x,y)
standardized (normalized) by the aperture radius on the
aperture plane of the objéctive lens.

We(x,y)=

2nW,,x + 2nW3lJ€(x2+y2). + 2nWg x (x*+y?)?
. (1)

In the above equation (1),'Wu is a wave front
qoefficient for determining the position of the light
spot formed on the optical disk, and since it doesn’t
influenée the shape of the light spot, any value can be

chosen.

Further, W; and W,; are coma aberration coefficients
Wi, (A) and W;, (A) standardized (normalized) by the laser
beam wavelength A, and each of them is shown in the

following equations (2) and (3).
Wi (A) ={ (n?-1) n2tNA%sin6cos0}/ {2\ (n?~sin?6) 2} ... (2)

Ws; (A) ={ (n2-1) n2tNAS (n*+3n%cos?0-5n2sin20+4sin?0~sino)

sin6cos8}/{8A (n?-sin20) %/?} . (3)

In the above equations (2) and (3), NA is a numerical
aperture of the objective lens, A is a wavelength of the
laser beam from the light source, n is the reflective

index of the disk substrate, t is the thickness of the
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disk substrate, and 6 is the tilting angle indicating the
tilt of the disk substrate. The material of the disk
substrate is, for exaﬁple, the polycarbonate and its
reflectivg index is about 1.5;

To the laser beam having the homogeneous phase *
distribution, the.phase distribution Wd of the laser beam
striking with thg tilt of direction B and the angle o to
the laser beam having the homogeneous phase'distribution
is expressed by the equation (4), where x is a position
in the disk ra&ial direction and the oithogonal |
coordinate (x,y) standardized (normélized) by the
~aperture radius r on the aperturé plane of the objéctive
iens._Note; the tilt direction B is 0 degree in a radial
di#ection {or x direction) ahd-QO deéree in a track
direction. _ | |

Wd (x,y)={2nx (xcosp+ysinp) sina}/A ...(4)-

Under the abové conditions, the interference fringes
appeared by the laser beam having the phase distribution
of {Wc(x, y)+Wd(xl_y)} when A is a certain value and the
laser beam with the homogenecus phase striking the screen
vertically, is calculated.

Fig. 3 is a view for explaining the interference
fringes calculated under the conditions of 6=1.0°,

@=0.2°, and P=90°. Note that, NA=0.6, A 650nm, t=0.6mm,

n=1.5, r=2mm, and W,;=-2W,,/3-W;,/2 are set. Further, a
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ring in Fig. 3 corresponds to an aperture of the
objective lens. |

Via the processes that the interference fringes is
considered the binary information concerning with
lightness and darkness (the ration of lightness and
darkness is 1:1) and the photomask is produéed,_and the
grating is preduced on the.glass substrate using the-
produced photomask, the desired diffraction grating can
be obtained.

Fig. 4A and 4B are views of the configuration of the.
diffraction grating produded bééed on the interference
friﬁges.shown in Fig. 3. Fig. 4A is a top view of the
diffraction grating 9 and Fig. 43 is a sectional view
showing the diffraction grating 9 ;ectiqned at line C .

In the diffraction grating 9, the grqéve 9B such as
ﬁndnlating is.fo:med on the glass substrate 9A. The depth
of the groove 9B  is determined -based on the ratio of the
light intensity between Oth order diffraction beam and +-
first oxrdexr diffraction beams.

The laser beam passed througﬁ the diffraction grating
9 produced by the process mentioned above; passing
through the objective lens, forms three ligﬁt spots on
the optical disk.

‘ The Oth order diffraction beam corresponds to the

case that the tilt of the opticél disk doesn’t exist, one



of the +~first order diffraction beams forms the light
spot eqﬁivalent to oi substantially equivalent to the
case that the éositive tilting angle 6 is egist in the
disk radial direction, and another of the +-first order
diffraction beams forms the ligﬁt spot equivalent to or
substantially equivalent to the case that the negativé
tilting angle (-6) is exist in the disk radial
direction.

Fig. 5 is a view showing the configuration of the
optical pickup cémp¥ising the diffraction grating 9.

This optical fickup 50 comprises a semiconductor
laser 4, a collimator lens 5, a diffraction grating 9, a
beam splitter 3, an 6bjéct lens 2, a collecting lens 6,
.cylindriqal lens 7, a photodetector 8, lens holders 2H, a
focusing actﬁatbr 2F, a tracking actﬁator 2T, aqd a
cente; point sensor 12. |

The objectivé_lens 2 is held by the lens holders 2H.

The focusing actuator 2F, based on the driving signal
Sfe, transfers the lens holders 2H in the focusing
direction which is vertical to the recording surface of
the optical disk 80, so that it transfers the bbjective
lens 2 in the focusing.direction to realize the focus
servo.

The tracking actuator 2T, based on the driving signal

Ste, transfers the lens holders 2H in the radial
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direction of the optical disk 80, so that it transfers
the objective lens 2 in. the radial direction of the
optical disk 80 to realize the tracking servo. Note that,
when the eccentricity of (the iotation of) the optical
disk 80 is exist, the tr;cking actuator 80 transfers the
objective lens 2 in responée to the eccentricity in the
disk radial direction based on the same driving signal
Ste.

The semiconducfor laser 4 outputs a linearly
polarized laser beam based on the driving signal SL and
provides it for the collimator lens 5.

The collimater leﬁs's collimates the laser beam from
the semiconductor laser 4 and provided it for the
diffraction grating 9.

The diffraction grating 9 divides the laser beam from
the collimator lens 5 into thé main iaser beam including
Oth order diffraétion beam and the first and second sub
laser beams including +-first order diffraction beams and
provides these laser beams (the main lager beam and the
first and second sub laser beams) for the beam splitter
3.

The beam splitter 3 passes through the laser beams
from the diffraction grating 9 and provides them for the

objective lens 2.

The objective lens 2 collects the laser beams from
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the beam splitter 3 and provides them for the track of
the optical disk 80 forming lands and/or gréoves. The
optical disk 80, on which the track guide grooves are
formed, is, for example, a compact disc (Cﬁ); a digital
video disk (DVD); a phase change type optical disk (PD)
and so on.

Further, the objecéive lens 2 returns the laser beams
¥ef1ected at the optical disk 80 to the beam splitter 3.

The beam splittef 3, to which thé laser beams from
the objective lens 2 are exposed, reflects and outputs
the_exposed laser beams and provides thep for the

collecting lens 6. ’

The collecting lens 6 collects the laser beams from
the beam splitter 3 and provides.theﬁ for thé cylinder-
shaped lens (cylindrical lens) 7. |

The cylindrical lens 7 makes the laser beaﬁs-fram the
collecting lens 6 pass through and provides them fbr the
photodetector 8. |

The photodetector 8 receives the laser beams from the
cylindrical lens 7 at the light receiving portion and
generates output signals SAu, SAd, SBu, SBd, aﬁd SC-SF.

The center point sensor 12 is a position sensor, by
detecting the quantity of the movement or the quantity of
the change of the lens holders 2H in the disk radial

direction, detects the quantity of the movement or the
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quantity of the change of the objective lens 2, and
generates the detection signal SR indicating said
detected quantity of the movement or said detected
quantity of the change detected.

ﬁig. 6 is a view showiné the configuration of the
light receiving porti;n 6f the photodetector 8 shown in
Fig. 5.

The photodetectof,a compiiSes a main light receiving
portion 8S0 and the first aﬁd second sub light receiving
portions 8S1l and 8S2. Each of the light receiviné
portions_BSO-SSZ is divided in the direction in response
to the traék direction of fhe optical disk 80 and is
divided as the push—pull signals in the disk radiai
.direction or any siénals'in-response to the push-pull.
signals are detectable.

The main lightnfeceiving_portion 8S0 is divided into
four of the same or.approximately same parts by the two
dividing lines 8Sx0, BSyo-créssing at right angle and
comprises four division areas 8Au, 8Ad, 8Bu, 8Bd. In the
main light receiving poftion 8S0 shown in Fig. 6, the
maip light spot.MS is formed by (the reflected light of)
the main laser beam from the cylin@rical lens 7.

The division area 8Au generates the ocutput sigﬂal SAu
in response to the light quantity (the reflected light

quantity) of the main laser beam provided for the area
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8Au.

The division area 8Ad generates the output signal SAd
in response to the light quantity of the main laser beam
provided for the area.SAd.

The division area 8Bu generates the output signal SBu
in response to the light quantity of the main laser beam
provided for the area 8Bu.

The division area BBdlgenerates the output signal Sﬁd
in response to the light quantity of the main laser beam

provided for the area 8Bd.

The direction of.thg optical axis of the cylindrical
lens 7 is at an angle éf abpﬁt 45° or about 135° to the
direction éf thé dividing line 8Sx0 oi the dividing line
8Sy0 of the main light receiving.poition 880. The
dividing line 8Sy0 (or the dividing line 85x0) of the
main l;ght receiving portion 8S0 for which the main léser
beam reflected at the oétical disk 80 is provided is
parallel or approximately parallel to the track direction
of the optical disk 80, and divides the main light
receiving portion 8S0 iﬁtb two of the same ox
approximately saﬁe parts.

The cross point of the dividing lines 8Sx0 and 8Sy0
is in the center part or in the approximately center part

of the main laser beam passing through the cylindrical

lens 7.
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The shape of the light spot MS formed at the main
light receiving portion 8S0 changes diagonally in
accordance with the distancé between the optical disk 80
and the objective lens 2, so that the focus eccentricity
at the optical disk 80 is detectable based on the outpuﬁ
signals SAu, SAd, SBu, aﬁd SBd generated by the division
areas 8Au, 8Ad, 8Bu and 8Bd using the astigmatic méthod.
Note that, the angle defined by the line formed by the
cepters of the light-receiving portions 8S0-8S2 apd the
dividing iine 8Sy0 corresponds to said direction B.

The first sub light receiving portion 881 is divided
two of the same or approxiﬁately same parts by the
dividing line 88yl and cdmpriseé two divisioh areas 8C,
-8D. In the first sub light réceiving portion 8S1 show in
Fig. 6, the sub light spot Ssl1 ig formed by (the
reflected light of) the first sub laser beam from the
cylindrical lens 7.

The division area 8C.generates the output signal SC
in response to the light quantity (the reflected light
quantity) of the sub laser beam provided foﬁ the ﬁrea 8C.
The division area 8D generates the output signal SD in
responée to the light quantity (the reflected light
quantity) of the sub laser beam provided for the area 8D.

The center part of the first sub light receiving

portion 8S1 is in the center or approximately center of
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the first sub laser beam passing through the cylindrical
lens 7.

The second sub light receiving portion 882 is divided
two of the same.or approximately same paits by the
dividing line 8Sy2 and comprises two division'areas 8E,
8F. In the first sub light.receiving portion 8S1 show in
Fig. 6, the sub light spot SS2 is formed by (the
reflected light ofj the second sub laser beam from tye
cylindrical lens 7.

The diviSién area 8E generates the ouﬁput signal SE
in response to the light quantity (the reflected light
quantity’ of the sub laser beam provided for the area 8E.
The division area 8F ge;erates the outpﬁt signal SF in
response-to the light quantity (the reflectea 1ight
quantity) of the sub laser beam provided for the area 8F.

The éentef part of the second sub light receiviné
portion 8S2 is in the center or approximately: center éf
the secon& sub laser Beam passihg through the cylindrica;
lens 7. The dividing lines 8Sy0-8Sy42 are parallel or
approximately parallel each other.

Fig. 7 is a view for explaining the érrahgement.of
the light spots on the recording side of the optical
disk.

On the recording side of the optical disk 80, the

land LA and the groove GR are formed and the groove GR
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forms a track guide groove.

On the recording side of the optical disk 80, the
main light spot MB by the main laser beam having a large
quantity of light and the first and second sub 1i§ht
spots Ll and L2 by the first and second sub laser beam
having a small quantity of light azxe formed. 

Thé first sub light spot Ll coﬁprises the séot Lio
corresponding to the mainrobe #nd the spot Lli
corresponding to the siderobe.

The sécond'sub light Spot L2 compfiseé the spot L20
corresponding to the mainrobe and the spot L21
correspond;ng to the siderobe.

&he main.laser beam is reflecfed at the main light
spot.MB_and provided for thg'méin light receiving
portion 880 éf the photode?ector 8.

The first sub laser beam is reflected at the first
sub light spot L1l and provided for the first sub light
receiving portion 8S1l of the ﬁhotodetector 8. The center
of the sub laser beam reflected at the spét L1 is iﬁ the
center or approximately center of the first sub light
receiving portion 8S1.

The second sub laser beam is reflected at the second
sub light spot L2 and provided for the second sub light
receiving portion 882 of the photodetector 8. The center

of the sub laser beam reflected at the spot L2 is in the
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center or approximately center of the second sub light
receiving portion 8S2.

The light receiving portion 8S0-8S2 of the
photodetector 8 have the configuration which can detects
the push-pull signals in the disk radial direction by the
dividing lines 8Sy0-8Sy2. .

' The position of two of the sub light spots L1 and L2
on the recording surface of the optical disk'80 are,
preferably, when the main light spot MB is on the track-
(for example, when the center part of the main iight spbt
MB is in the.cénter part of the track), aﬁ the position
ﬁhat when one of the push-pull signals (SC-SD, SE-SF) is
the maximum value; another of the push-pull sigpais’
becomes the minimum value.

The distances from.the main light'spoﬁ MB to two of
the sub iight.spots L1l and L2 on the optical disk 80 are
same and determiﬁed by the anglé a mentiogéd above.

Further, when the two sub light spots L1 and L2 are
at the desired positions, the direction § is formed as
the phase distribution, which are equal to or
approximately equal to the phase distribution generated
to the two sub light spots Ll and L2 by the tilt of the
disk substrate in the disk radial direction, are given.

Namely, the distances D12 from the center part of the

main light spot MB to the center parts of the two sub
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light spots Ll and L2 in the disk radial direction is
expressed in the next equation (5) by using the pitch Tp
of the grooves GR (or the track pitch) and an.integer n
of 0 or more..

D12=(n)2+1/4)Tp ... (5)

Especially, in the case the land groove configuration
whose ratio of the width of the land LA and groove GR is
1:1, the-center parts of.the sub-liéht spoté L1 and L2
are arranged at the boundary or the gpproximately
boundary between the land LA and the gréove GR.

The.tilt error signal TS indicating the tilt of the
optiééL disk 80 can be obtained fiom the sum (PP1+PP2) of
the pﬁsh—puli signals PPl and PP2 obtained from the
output signals of the first and second sub light
receiving part 8S2, 8S2 shown in Fig. 6.

- The push-pull signal of first sub laser beam is
PP1l=SC-SD, the push-pull signal of the second sﬁb laser
bgam is PP2=SE-SF, and the tilting error signal is
expressed by éhe next equation {6) .

TS = (SC-SD) + (SE~SF)

PPl + PP2 ... {6)

Note that, the push-pull signal PPO obtained from the
output signal of the main light receiving portion 8S0 is
PPO=SAu+SAd-SBu-SBd and useable as the tracking error

signal TE.
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Fig. 8 is a view for explaining the relationship
between the tilt error signal TS and the tilting angle.

Here, the values of éach parameters are like this
6=0.75°, NA=0.6, A=405nm, t=0.6mm and Tp=0.7pm.

As shown in Fig. 8, the tilt error signal TS becomes
0 when the tilti#g angle in the disk radial direction is
0° and has a typical linearity. Further its sign is
inversed in.responsg to the sign of the tilti#g angle and
desired characteristics are obtained.

Fig. 9 is a viewlfor explaining tﬁe relationships
between the tilt error signal TS and the tilting angle in
the cases the tracking error exists (detrack state) and
non-exists (on track state).

The black circles indicate the case the quaﬁtity of
the detrack is 0.

The black triangleé indid;te the case the éuantity of
the .detrack is 10% and the case the tracking érror of
about 10% of the size of the sub light spot occuzrs.

The black squares indicate the case the quantity of
the detrack is -10% and the case the tracking error of
about -10% of the size of the sub light spot occurs.

As shown in Fig. 9, In the ti;t error signal TS, when
the 10% of detrack occurs, the tilting angle in the disk
radial direction changes about 0.05°, the ratio of the

change is small, and the desired characteristic is
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obtained.

Fig. 10 is a block diagram showing the configuration
of an embodiment of the optical disk apparatus comprising
the optical éickup shown in Fig. 5.

This optical disk apparatus 90 comprises a motor 30,
a motor driving circuit 35, a tilt correcting portion 36,
a éompensation'circuit 40, an amplifier 42, an optical
pickup 50{ an émplifier (head amplifier)_52, a laser
driving circuit 55,ra signal generation circuit 60, an
information detection circuit 65, a tilt-detection
circuit 66, and a control circuit 70. This optical disk
apparatﬁs 90 reproduces the recording information
recordéd on the optical disk 80. |

Further, the optical disk apparatus 90 comprises an
tilt detection ‘apparatus 95. This tilt detection
apparatus 95 comprises the.compensation circuif 40,
amplifier 42, the opticai pickup 50, the améiifier 52,
the laser ariving éircuit 55, the signal.generation
circuit 60, the information detection circuit 65, the
tilt detection circuit 66, and the control circuit 70.

The control circuit 70 is a controller engaged in the
controlling the whole of the optical disk apparatus 90
and includes, for example, a microcomputer.

| This control circuit 70 controls the motor 30, the

motor driving circuit 35, the laser driving circuit 55,
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the optical pickup 56, the compensation circuit 40, the
information_detection circuit 65, the tilt detection
circuit 66 and so on.

The optical pickup 50 exposes the laser beam LB to
the reproducing point of the opticai disk 80 when
reproducing. |

The laser driving circuit 55 generates a driving
signal SL under. the control of the control circuit 70 and
drives the semiconductor laser 4 in the optical pickup 56
by the driving signal to mﬁke the semiconductor laser 4
expose the laser beam LB. -

The motor 30 is, for examplé, a spindle motor and
rotates the optical disk 80 at the predetermined ?otation
velécity. This motor-30 rotates the optical disk 80
,for example, as the linear velocity beéomes constant.
speed.

The motor driving'circuit 35 provides the driving
powei for the motor 30 to.drive the motor 30. This motor
driving circuit 35 may controls the rotation of the motor
30 by the PWM (Pulse Width Modulation) control and may
controls it by the PLL (Phase Loéked Loop) control.

The amplifier 52 amplifies each of tﬁe output signals
SAu, SAd, SBu and SC-SF from the light receiving portions
of the photodetector 8 comprised the optical pickup 50 to

provide them for the signal generation circuit 60.
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The signal generation circuit 60 generates a
reproducing signal RFO in response toithe quantity of the
reflected beam of the main laser beam, the push-pull |
signals PPl and PP2 of the first and second sub laser
beams, the focus error signal FE, and the traéking error
siénal TE based on the amplified output signals SAu, SAd,
SBu, SBd, and.SC-SF from the amplifier 52.

The signal generation circuit 60 generates the
;eproducing ;ignal RFO0 (=SAu+SAd+SBu+SBd) based on the
sum.of the output signals SAu, SAd, SBu; and SBd'from_the
amplifier 52.

Furiher, it generatés the push-pull signal PPl (=SC-
SD) based on the differences of the output.signals SC and
SD from the amplifier 52. -

Further, it generates the push-pull signal PPl (=SE-
SF) based on the differences of the output signals SE and
SF from the amplifier 52.

Further, the gignal géneration circuit 60 generates
the focus error signal FE (=SAu+SBd—§Ad-SBu) by the
astigmatic method, for example, based on ghe difference
of the output signals SAu, SAd, SBu, and SBd in the

diagonal direction.
Note that, the signal generation circuit 60 generates
the push-pull signal PPQ (=SAu+SAd-SBd-SBu) of the main

laser beam and makes the push-pull signal PPO the
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tracking error signal TE.

the compensation circuit 40 compensates the focus
error signal FE and the tracking error signal TE (the
phase compensation and/or the frequency compengation) to
generate a compensation signal and provided the
compensation signal for the amplifier 42.

The amplifier 42 amplifies the compensation signal of
the focus érror signal FE to generates the driving signal
~ Sfe and.frovides it for the focusing actuator 2F in the
optical pickup 50.

Further, the amplifier 42 amplifies the compensation
signal of the tracking errér signal TE to generates the
driving signal Ste and provides it for the.tracking
actuétor 2T in the optical pickup 50.

_ The tilt deteqtion circuit 66-&etec§s the tilt orxr the
tiiting angle based on the sum of the push-puil signals
PPl and PP2. Concretely,-ig genefates a tilf error signal
TS (=PP1+PP2) corresponding to the tilt angle based on
the sum of the push-pull signals PPl and PP2 and it
provides the tilt error signal TS for the control circuit
70.

The information detection circuit 65 is providea the
reproducing signal RFO from the signal generation circuit
60, carries out the demodulétion of the reproducing

signal RFO and so on, and outputs the reproduced
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recording informatién as an output signal Seo.

Further, the information detection circuit 65 detects
an address of the optical disk 80 from the reproducing
signal RFO and reproduces the recording information based
"on the address.

The control circuit 76 generates a cross t;aék signal
CT .(=PP1-PP2) based on tﬁe push-pull signals PPl and PP2
and detects whether—the position of the'light.spot of the
main laser beam is on the track or not based on the
signal CT. The cross tréck signal CT is referred, for
. example, when the light_spot crbss the track as seeking.

The tilt coiiecting portion'36 corrects the tilt of
the optical disk 8b;'For éxample, the control circuit 70
éontrols the tilt coxredting portion 36 bgsed on the tiit
error signal TS by the close loop conﬁrol. The tiit
correcting portion 36 .corrects ﬁhe tilt.undef the cpntrol
of the control circuit 70 so that the tilt error signal
TS becomes 0. |

Fig. 11 is a flow-cﬁart showing the detection method
for detecting the tilt in the radial direction of the
optical disk 80 in the tilt detection apparatu; 95 of the
optical disk apparatus 90.

First, in the step S111, the diffraction grating 9 of
the optical pickup 50 diffracts the laser beam from the

semiconductor laser 4 to generate the main laser beam
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including the 0th order diffraction beam and first and
second sub laser beams each includiné +-first diff;action
beanms.

The first ane second sub laser beams have a phase
-distri?ution equal to or substantially equal to the phase
distribution due to the wave front aberration geneﬁated
on the optical disk 80 when the optical disk 80 is
tilted.

These laser beams ( the main laser beam and the first
and second sub laser beams) is provided for the.objective
lens 2 passing through the beam.splitter 3.

In the step 8112, the objective lens 2 coilects laser
béams (the gain laser beam and the first and second sub
laser beams) from thé diffraction grating 9 to provide
them to the optical disk B0 to expose the laser beams on
tﬁé optical di;k 80. The objective lens2 colleéts the |
main laser beam to expose the track of the opticél disk
80.

The main laser beam collected by the objective lens2
are reflected at the optical disk 80, passes through the
objective lens 2 again, and are provided the
photodetector 8 passing through the beam splitter 3, the
collecting lens 6, and the cylindrical leans 7..

In the step S113, the photodetector 8 receives the

main laser beam and the first and second laser beam
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refiecte§ at the optical disk 80 at ;he light receiving
portions 8S0-8S2 to generate the output signals SAu, SAd,
SBu, SBd, and SC-SF. Theses output signals are provided
for the signal generation circuit 60 via the amplifier
(head amplifier) 52,

In Ehe step S114, the signal generation circuit 60
generates the reproducing signal RF in response to the
quantity of tﬁe reflected main laser beam, the push-pull
signals PPl and PP2 of tﬁe firét and second_sub-laser
beams based on the outpu# signals SAu, SAd, SBu, SBd, and
SC-SF. Notg that, the reproducing signal RFO is provided
for the information detéction circuit 65 and the
recbrding infqrmatién is exfracted.

In the stép-8115, the tilt detection circuit 66
'rdetects the tilt or the tilting'angle of the optical'disk
80 based on the sum of the push-pull signals ppl and PP2
of the first and second sub laser beams. Concretely,
based on the sum of the push-pull signals PPl and PP2, it
generates the tilt error signal TS (QPP1+PP2) in response
to the tilting angle of {:he optical disk 80.

The method for detecting the tilt of the.optical disk
as mentioned above is effective when the eccentricity of
the optical disk is small.

When the eccentricity of the optical disk is large,

the objective lens2 is transferred in the disk radial
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direction in response to the eccentricity, the light spot
on the light receiving portion is moved, and the offset
occurs on the tilt error siénal TS in response to the
eccentricity. .

For the above reason, it is preferable to remove the
offset due to the eccentricity from the tilt error signal
TS!

To remove the éffsét due to thé eccentricity from the
tilt error signal TS, another diffraction grating is
added to the optical pickup 50. And predetermined
operation is carried-out using the diffraction beams
generated by the added diffractioﬁ grating.

| Fig. lé is a view of the configu:étion of the optical
pickub 51 formed Ey adding the diffraction grating 11 to
thé optical pickup 50. |

Further, in the optical pickup 51 shown in fig. 12,
the saﬁe portions as the opticai pickup 50 shown in Fig.
5 are given the same references and the explanation of
them are suitably omitted. )

This optical pickup 51 comprises a semiconductor
laser 4, a collimato; lens 5, a diffraction grating 9, a
diffraction grating 11, a beam splitter 3, an object lens
2, a collecting lens 6, cylindrical lens 7, a
photodetector 18, lens holders 2H, a focusing actuator 2F

and a tracking actuator 2T.
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The semiconductor laser 4 outputs a linearly
pelarized laser beam based on the'drivihg signal SL and
profides it for the collimator lens 5. |

The collimator lens 5 collimates the laser beam from
the semiconductor laser 4 and p#ovided it for the
diffraction grating 9.

The diffiactién grating 9 divides the laser beam froﬁ
the collimator lens 5 into the main laser beam including
Oth order diffraction beam and the first and second sub
laser beams including +-first order diffraction bééms and
provides these laser beams (the main laser beam agd the
first and secgnd sub laser beams) for thé diffraéﬁion
grating 11.

The diffraction grating 11 comprises, for example, a
glass substrate on which straight and parallel grooves
are farmed and diffracts the laser begm; from fhe
diffraction grating 9. And then, it generates Oth orxder
diffraction beam and +-first order diffraction beams of
.each of the 1$ser beams to provide them for tﬂe beam
splitter 3.

Concretely, the diffraction grating 11 generates a
main laser diffraction beam which is a Oth order
diffraction beam of the main laser beam from'the
diffraction grating 9 and third and forth sub laser

diffraction beams which are +-first order diffraction
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beams of the main laser beam.

Further, the diffraction grating 11 generates a first
‘sub laser diffraction beam which is a Oth order
diffraction beam of the first sub laser beaﬁ from the
diffraction grating 9 and +-first diffraction beams of
the first sub laser beam.

' Further, the diffrgction grating 11 generates a
second sub laser diffracﬁion beam which i; a Oth ordexr
diffraction beam of the second sub laser beam from the
diffraction grating 9.and +~-first diffractiog beams of
thg second sub laser beam.

Further, the light intensities of the +-first
diffracéion beams of the first and éecond sub léser-beaMs
are as small as to ignore them in compafison with the
main laser diffraction beam and the third and forth sub
laser diffractién beam;.

The beam spiitter 3 passes through the laser beams
from the diffraction grating 9 and 11 and providés them
for the objective léns 2,

The objective lens 2 collects the laser beéms from
the beam splitter 3 and provides them for the optical
disk 80 formed lands and/or grooves.

Further, the objective lens 2 returns the laser-beams
reflected at the optical disk 80 to the beam splitter 3.

The beam splitter 3, to which the laser beams from
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the objective lens 2.are exposed, reflects and'outputs
the exposed laser beams and provides them for the
collecﬁing lens 6.

The collecting lens 6 collects the laser beams from
the beam splitter 3 and provides them for the cylinder-
shaped lens (cylindrical lens) 7. |

The cylindrical lens 7 passes through the laser beams
from the collecting lens 6.and.provides them for the
photodetector 18.

The photodetector 18.receives the laser beams (the
.main laser diffragtion béam and the first to forth sub
laser diffracfion beams) from the cylindrical lens 7 at
the light receiving portion and geherates output signals
SAu, SAd, SBu, SBd, and SC-8J.

Fig. 13 is a view showing the configuration of the
light feceiving portion of the photodetector 18 shown in
Fig. 12.

The phﬁtodetector 18 comprises a main light receiving
portion 8S0 and the first and forth sub light receiving
portions 851-8S4. Each of the light receiving portions.
850-8s54 iS divided in the direction in response to the
track direction of the optical disk 80 as the push-pull
signals in the disk radial direction or any signals in
response to the push-pull signals are detectable.

The main light réceiving portion 8S0 is divided into
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four of the same or approximately same parts by the two
division linet 85x0, 8Sy0 crossing at right angle and
comprises four division areas 8Au, 8Ad, 8Bu, 8Bd. In the
-main light receiving portion 8S0 shown in Fig. 13, the
main light spot MS is formed by (the reflected light of)
the main laser beam from the cylindrical lens 7.

The division area B8Au generates the output signal SAu
in response to the light qﬁantity {the reflected light
quantity) of thetmain laser beam provided for the area
8Au. |

The division area 8Ad generates the output signal Sad
| in response to the light quantity 6f the main laser beam
provided for the area 8ad. |

The division area 8Bu generates the output signal SBu
in response to the llght quantlty of the maln laser beam
provided for the area 8Bu.

The division area 8Bd generates the output signal SBd
in response.to the light quantitj of the main laser beam
provided for the area SBd.

The d;rection of the optical axis of the cylindrical
lens 7 is at an angle of about 45° or about 135° to the
direction of the division line 8Sx0 or the division line
8Sy0 of the main light receiving pgrtion 8S0. The
division line 8Sy0 (or the division line 8Sx0) of the

main light receiving portion 8S0 for which the main laser
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diffraction beam reflected at the optical disk 80 is
provided is parallel or approximately parallel to the
#rack direction of the optical disk 80, and divides the
main light receiving pértion 8380 into two of the same or
approximateiy same parts.

The cross point of the division lines 8Sx0 and 8Sy0
is in the center part or in the approximately center part
of the main laser diffraction'be;m-passing through the
cylindrical-lens 7. | . |

The shape of the lighf spot MS formed at the main
light recéiving portion 8S0 changes diaéonally in
accordance with the distance between the optical di#k 80
and the objective lens 2, so tﬁat the focus eccentricity
at the oﬁéical disk BQ is detectable baéed on the output
signals SAu,-SAd, SBu, .and SBd generated by the division
areas éAu, 8Ad, 8Bu and 8Bd using the astigmatic method.
Note that, the angle defined by thé line formed by the
light receiving portions 880-882.and_the division line
.88y0 corresponds to said direction B.

The first sub light receiving portion 8S1 is diwvided
two of the.same or approximately same parts by the
division line 8Syl and comprises two division areas 8C,
8D. In the first sub light receiving portion 8S1 shown in
Fig. 13, the sub light spot SS1 is formed by the first

sub laser diffraction beam from the cylindrical lens 7.
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The division area 8C generates the output signal SC
in response to the light quantity (the reflected light
quantity) of the sub laser diffraction beam provided for
the area 8C. The division area 8D generates the output
signal SD in response to the light quantity (the
reflectgd light quantity) of the sub laser diffraction
beam provided for the area 8D.

The center part of tﬁe first sub light receiving
portion 881 is in thé center or approximately center of
the first sub laser diffraqfion beam péssiﬁg through the
cylindricél lens 7.

The second sub light recéiving portion 882 is divided
two of the same of approximafely same’ parts by the
division line 8Sy2 and éomprises-two division areas 8E,
8F. In.the second sub light receiving portion éS2 show in
Fig. 13, .th'e sub light spot SS2 is formed by (the
reflected light of) the second sub laser diffraction.beam
from the cylindrical lens.7.

The division area 8E generateﬁ'the output signai SE
in response to the light qﬁantity (the reflected light
quantity) of the sub laser diffraction beam provided for
the area 8E. The division area 8F generates the output
signal SF in response to the light quantity (the
reflected light quantity) of the sub lasexr diffraction

beam provided for the area 8F.



-54.

The center part of the second éub light receiving
.portion 882 is in the center or appro#imately center of
the éecond sub laser diffraction beam passing through the
cylindrical leqs 7.

" The third sub light receiving portion 883 is divided
two of the same or approximately same parts bylﬁhe
division line 8Sy3 and comprises two diviSion areas 8G,
8H. In_the third sub light receiving.poption 8S3 show in
Fig. 13, the sﬁb‘light spo# SS3 is formed by (the
reflected light of) the third sﬁb ;aser'diffraction beanm
from the cylindrical lens 7.

The division area 8G génerates the output signal SG
in response to the light quantity kthe reflected iight
quantity)'of the sub laser diffractiqn beam pro;ided for
the area éG. The division_area 8H generates the output
signal SH in response to the light quantity (the
reflected light quantity) of the sub laser diffraction
beam provided for the area 8G.

The center part of the third sub light receiving
portion 8S3 is in the center or approximately center of
the third sub laser diffraction beam passing through the
cylindrical lens 7.

The forth sub light receiving portion 8S4 is divided
two of the same or approximately same parts by the

division line 8Sy4 and comprises two division areas 8I,
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8J. In the forth sub light receiving portion 8S4 show in
Fig. 13, the sub light spot SS4 is formed by (the
reflected light of) the forth sub laser diffraction beam
-from the cylindrical lens 7.

The division area 8I generates the output signal SI
in response to the light Quﬁntity (the reflected light
quantity) of the sub laser diffraction beam provided for
the area 8I. The division area 8J generates the output
signal s5J in response to the light quantity (the
reflected light quantity) of the sub laser diffractipn
beam provided forxr tﬁe area 8J.

The center part of thé foréh sub light receiving
portion 8S4 is in the center ér appfoximatelj center of
the forth sub laser diffraction beam passing through the
cylindrical lens 7. The division lines 8Sy0-8Sy4 are
pParallel or approximately pafallel each other..

Fig. 16 is a view for explaining thé arrangement of
the light spots on the recording side of the optical
disk.

On the recording side of the optical disk 80, the
land LA and the groove GR are formed and the groove GR
‘forms a track guide groove.

6n the recording side of the optical disk 80, the
main light spot MB by the main laser diffraction beam

having a large quantity of light and the first to forth
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sub light spot L1-L4 by the first to forth sub laser
diffraction beams having a small quantity of light are
formed.

The first-sub light spot L1 comprises the spot L10
corresponding to the mainrobe and the spot L1l
corresponding to the side:obe.

Ihe second sub light spot L2 comprises the spot L20
corresponding to the mainrobe and the spot L21 |
corresponding £o the siderobe.

The main laser diffractién beam is reflected at the
main light spot MB and provided for the main light’
receiving portion 8S0 of.the photodetector 18. -

The fi;st sub laser diffraction beam is reflected at
the first sub light spot Ll-and provided for the first
sub light receiving porﬁion 8S1 of the photodetector 18,
The center -of the sub laser diffraction beam réflectéd at
the spot L1 is in the center or approximately center of
the first sub light ﬁeceiving portion 8S1.

The seéond sub laser diffraction beam is reflected at
the second sub light spot L2 and provided for the second
--sub light receiving portion 882 of thé photodetector 18.
The center of the sub laser diffraction beam reflécted at
the spot L2 is in the center or approximately center of
the second sub light receiving portion 8S2.

The third sub laser diffraction beam is reflected at
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the third sub light spot L3 and provided for the third
sub light receiving portion 8S3 of the photodetector 18.
The center of the sub ;aséi diffraction beam reflected at
the spot L3 is in the center or approximately center of
the third sub light'receiving portion 8S3.

The forth sub laser diffraction beam is reflected at
the forth sub light spot L4 and provided for the forth
sub light receivihg po:tion 8S4 of the photodetector 18.
The center of the sub laser diffractiop beam reflected at
the qut.L4 is in the center oi approximately center pf
‘the forth sub light receiving portion 8S4.

The light receiving'portioﬁ 8S0~-8S4 of the
photodetectﬁr 18 have the configuration which can detects
the push-pull.signals in the disk radial direction by the
division lines 8§y0—88y4.’

The distances from the main iight spot MB to two of
the sub light spots Ll and L2 on the optical disk 80 are
same and determined by the angle a mentioned above.

Further, when the two sub light spots Ll and L2 are
at the desired pésitions, the direction ﬁ is formed as
the phase distribution, which are equal to or
approximately equal to the phase distribution generated
to the two sub light spots L1l and L2 by the tilt of the
disk substrate in thg disk radial direction, are given.

Namely, the distances D12 from the center part of the
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main light.spot MB to the center parts of the two sub
light spots Ll and L2 in the disk radial direction is
expressed in the équation (5) mentioned above by using
the pitch Tp of the.grooves GR and an integef n of 0 or
more. |

Further, the distances D34 from the center part of
the main light spot MB té the center parts of the two sub
light spot L3, L4 in the disk radial direction is
expressed in the next equation (7) by using the pitch Tp
of the grooves GR and an integer”ﬁ of 0 or more.

D34 = m+1/2) T ...(T

Eépecially, in the case the land groove configuration
whose ratio.of thé:ﬁidth of the lan& LA and groove GR is
1:1, the center parts of the sub light spots L1 and L2
are arranged at the center or approximately center of the
groove GR.

The eccentricity signal RO in response to the
eccentricity of the éptical disk 80 is calculated by the
next equation (8) based on the push-pull signal P?O of
the main laser diffraction beam and the push-pull signals
PP3 and PP4 of the third and forth sub laser diffractioﬂ
beams.

RO=SAu+SAd-SBu-SBd + k (SG-SH+SI-SJ)

=PP0 + k (PP3 + PP4) ...(é)

In the abové equation (8), by correcting the
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difference of the light intensity between the main spot
MS of the main light receiving portion 8S0 and the sub
épots SS3 and SS4 of the sub ligﬂt receiving portion 8S3
and 8S4 by a coefficient k, the eccentricity sighal RO
can be detected because the polarity between the push-
pull element PPC and the push;pull element PP3 and PP4 is
opposite. This correction coefficient k is expressed by
the next equation (9).

k = (SRAu+SAd+SBu+SBd)/ (SG+SH+SI+SJ)

= RF0/ (RF3+RF4) c..(9)

Therefoie, by subtracting the signal (k0><R05 of the
result of the multiplication of the eccentricity signal
RO and a reasonable coefficient kO ffom the tilt error
signal TS, the tilt exror signal TSO removedlthe offset
'due.to the eccentricity can be obtainedi

This tilt error signal TSO is.expressed by.the next
equation (10). | | ’

TSO = TS - kO XRO

= PP1+PP2-k0X (PPO+k (PP3+PP4)) ... (10)

Further, the correction coefficient k0 for correcting
the light intensity of the main light spot MS and the sub
.light spots SS1 and SS2 is expressed by the next equation
(11).
k0 = (SC+SD+SE+SF) /(2 (SAu+SAd+SBu+SBd))

= (RF1l+RF2)/(2 x RFO0) .o (1D)



-60-

Fig. 15 is a view for explaining the relationships
between the tilt error éignal TS and the tilting angle
when the both cases the eccentricitylexists and doesn’t
'exist in accordance with the Fig. 8 and Fig. 9.

The black circiés.indicate the case the quantity of
the eccentricity is 0.

The black squares indicate'the.case the quantity of
the eccentrieity is 20%, which is the case the
eccentricity of about 20% of the size of the objective
lens 2 occurs. |

As shown in Fig. 15, even thqugh the eccentricity
occurs, the desired cha;&cteristic of the tilt error
signal TSO is oBtained.'

Fig. 16 is-a block diagram showing the configuration
of an embodimept of the optical disk apparatus comprising
the optical pickup 51 shown in Fig. 12.

Further, in the optical disk apparatus 91 shown in
Fig. 16, the same portions as the optical disk apparatus
90 shown in Fig. 10 are given the same references and the
explanation of them are suitably omitted.

This optical disk apparatus 91 comprises a motor 30,
a motor driving circuit.35, a tilt eorrecting portion 36,
a compensation circuit 40, an amplifier 42, an optical
pPickup 51, an amplifier (head amplifier) 53, a laser

driving circuit 55, a signal generation circuit 60, an
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information detection cizxcuit 65, a tilt detection
circuit 67, .and a control circuit 71.

Further, the optical disk apparatﬁs 91 comprises an
tilt detection apparatus 96. This tilt detection
apparatus 96 comprises the compensation circuit 40, the
amplifier 42, the optical pickup 51, the amplifier 53,
the laser driving circuit 55, the signal generaﬁion
cifcuit'él, the information detecﬁion circuit 65, the
tilt detection'gircuit 67, and the control circuit 71.

The control circuit 71 is a controller engaged.in the
cogtroli;ng the whole of the opticél'disk apparatus 91
and includeg, for example, a microcomputer.

This'cont;ol circuit 71 controls the motor 36, the
m§tbr'driving_circuit 35, the lasér driving circuit 55,
the optical pickup'51, the compénsation circuit 40, the
-signal generation circuit 61, the information aetection
circuit 65, the tilt detection circuit 67 and so on.

Tﬁe optical pickup 51 exposés‘the laser beam LB to
the reproducing point of the optical disk 80 ﬁhen
reproducing.

The laser driving circuit 55 generates a driving
signal SL under the control of the control cirquit.71 and
drives the semicon&uctor laser 4 in the optical pickup 51
by the driving signal to make the semiconductor laser 4

expose the laser beam 1B.
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The amplifier 53 amplifies each of the output signals
SAu, SAd, SBu, SBd and SC-SJ from the light receiving
portions of the photodetector 18 comprised the 6ptical
pickup 51 to provide them for the signal generation'
circuit 61. |

The signal generation circuit 61 generates a
reproducing signal RF0O in reséonse to the quantity of the
reflected beam of the ﬁain'laser diffréctidn-beém and
reproduéing signals RF1-RF4 in response to the quantity
of the reflected beams of the first to forth ;ub laser
diffraction beams baséd on ﬁhe ampiified output signals
SAu, SAd, SBu, SBd, and SC-SJ from the amplifier 53.

Further, the.signal generation circuit 61 generates
the push-pull signal PPO of the main laser diffraction
beam and the push-pull signals PP1-PP4 of the first to
forth sub laser diffraction signalé.

Furthgr, the signal generation circuit 61 generates
the focqs error signal FE and the tracking error signal
TE.

The signal generation circuit 61 generates the
reproducing signal RFO (=SAu+SAd+SBu+SBd) based on the
sum of the output signals SAu, SAd, SBu, and SBd from the
amplifier 53,

Further, it generates the reproducing signal RF1

(=SC+SD) based on the output signals SC and SD.



-63-

Further, it generates the reproducing signal RF2

(=SE+SF) based on the ocutput signals SE and SF.

?urther; it generates the reproducing signal RF3

(=SG+SH) based on the output signals SG and SH.

Further,

it generates the reproducing signal RF4

(=SI+SJ) based on the output signals SI and SJ.

Further,

the signal generation circuit 61 generates

the push-pull signal PPO (=SAu+SAd-SBu-~SBd), for example,

based on the

difference of the output signals SAu, Sad

and the output signals SBu, SBd from the amplifier 53.

Further,
SD) based on
SD.

Further,
SF) baéed on
SF. |

Further,
SH) based on
SH.

Further,
SJ) based on
sJ.

Further,

it generaﬁes the push-pull signal PP1 (=SC?

the difference of the output signal SC and

it generates the push-pull signal PP2 (=SE-

the difference of the output signal SE and

it generates the push-pull signal PP3 (=SG-

the difference of the output signal SG and

it generates the push-puli signal PP4 (=SI-

the difference of the output signal SI and

the signal generation circuit 61 generates

the focus error signal FE (=SAu+SBd-SAd-SBu) by the

astigmatic method, for example, based on the difference
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of the output signals SAu, SAd, SBu, and SBd from the
amplifier 53 in the diagonal direction.

Note that, the signal generation circuit 61 makes the
push-pull signai PPO the tracking error signal TE.

The tilt detection circuit 67 detects the tilt or the
tilting angle based on the sum of the push-pull signals
PPl and PP2 and the eccentricity element. Concretely,_it
generates a tilt error signél TS0 corresponding to the
tilt angie based on the difference of the sum éf the
pﬁsh—pull signals PP1 and PP2 and the eccentricit& signal
RO and it provides the generaﬁed tilt error signal TS0
for the control circuit 71.'

. The information deteqtidn circuit 65 is provided ﬁhe
reproducing signal RFO from fhe'signal'generation circuit
61, carries out the demodulation of the reproducing
signal RFO0 and so on to reproduce the recording
infoimation of the optical disk 80, and outputs the
reproduced recording information as an output signal So.

Further; the information detection circuit 65 detects
an address of the optical disk 80 from the reproducing
signal RF0 and reproduces the recording iﬁformation based

on the address.
The control circuit 71 generates a cross track signal
CT (=PP1l-PP2) based on the push-pull signals PPl and PP2

and detects whether the position of the light spot of the
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'main laser beam is oﬁ the track or not based on the
signal CT. The cross track signal CT is referred, for
éxample, when the light spot cross the track as seeking.

The tilt corxrecting portion 36 corrects the tilt of
the optical disk 80; For example, the control circuit 71
controls the tilt correcting portion 36 based on the.tilt
error signal TSO by the close loop qontrol..The tilt
correcting portion 36 éorrects the tilt under the control
of the coﬁtrol circuit 71 so that the tilt error signal
TS becomes 0.

Fig. 17 is a flow-chart showing the-detecticn method
for detecting the tilt in the ?adiél directién of the
optical disk 86 in the tilt détedtion apparatus 96 of th;
éptical disk apparatus 91.

First, in thg-step 8121,.the diffraction grating 9 of
the optiqg%jpickup 51 diffraéts the laser beam from'the
semiconductor laser 4 to generate the main laser beaﬁ
including a 0Oth order diffracﬁion beam and first and

second sub laser beams each including +-first diffraction

-

beans.

Each of the first and second sub laser beams have a
phase distribution equal to or substantially equal to the
rhase distribution due to the wave front aberration

generated on the optical disk 80 when the optical disk 80

is tilted.
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These laser bea@s (the main laser beam and the first
and second sub laser beams) are provided for the
diffraction grating 11. |

In the.step S122, the diffraction grating 11
diffracts the main laser beam from the diffraction
grating 9 to genérate the main laser diffraction beam.-
_inc;pding a Oth-order diffraction beam and third and
forth sub laser diffraction beams each including +—first
diffraction béam.

Further; the diffraction grgting 11 diffracts the
firstlsub laser beam from the diffraction grating .9 to
generate the first laser diffraction beam including a Oth
order diffraction beam and diffracts the second sub 1as§r
beam from tﬁe diffraction gratigg 9 to génerate tﬁg
second iaser diffracgidn beam including a Oth oxder
diffraction beam. |

These laser beams (the main laser diffraction beam -
and the first to férth sub laser diffraction beams) are
provided for the objectivé ;ens.2 passing through the
beam splitter 3. N

Note that, each of the first and second sub laser
diffraction beam has a phase dist?ibution equal to or
approximately equal to the phase distribution due to the
wave front aberration generated on the optical disk 80

when the optical disk 80 is tilted.
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In the'step S123, the objective lens 2 collects laser
beams (the main laser diffraction beam and the first to
forth sub laser diffraction beams) from the diffraction
gﬁating 9 and 11 and provideS'them to the optical disk 80
to expose the 1aser-beams on the optical disk 80. The
objective lens ‘2 collects the main laser diffraction beam
to expose the track of thé optical disk 80.

The main laseﬁ beam collected by the objective lené 2
 are reflected at the optical disk 80, passes through the
objective lens 2 again, and are provided for the
photodetector 18 passing thfough_the.beaﬁ splitter 3, the
collecting lens 6, and. the cylindrical lens 7.' |

In the step-8124,_the photodétector 18 receives the’
.main-laser diffraction Béam and the first to forth iaser
diffraction beams reflected at the optical disk 90 at the
light receiving portions’SSO-BSd to generate the output
sigﬁals SAu, SAd, SBu, Sﬁd, and SC-SJ. Theses output
signals are provi&ed for the signal generation circuit 61
via the amplifier (head amplifier) 53.

In the step S125, the signal geperation circuit 61
generates the reproducing signals RFO and RF1-RF4 in
response to the quantitiés of the reflected main laser
diffraction beam and the first to forth sub laser
diffraction beams

based on the output signals SAu, SAd, SBu, SBd and SC-SJ.
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Further, the signal generation circuit 61 generates
the push-pull signals PPO and PPlfPf4 of the main laser
diffraction beam and the first to forth sub laser
diffraction beams. |

In the step S126, the tilt detection circuit 67
detects the tilt or thé filting aﬁgle of the-ﬁptical disk
80 based on the'difference of the-push-pull signals PPl'-
and PP2 and the first and second sub laser diffréction
beams and the eccentricity signal RO. Concretely,-thel
tilf error signal TSO (=Pf1+PP2;k0><RO) correspondiﬁg to
the tilting angle of the optical disk 80 is generated
based on'the difference of the'pushfﬁull signéis PP1 and
PP2 and the eccentriéity signal.Rd. |

The optical pickup 51 with the configﬁration as
mentioned above can detect the tilt of the oétical disk
when the oétical disk~i3'eccéntric.

Note that, the p:esenﬁlinvention is not limited to
the above embodiments and includes modifications within
the scope of the claims.

- For example, in the optical pickup 51, the
diffraction grating 9 and the diffraction grating 11 the
arrangement ﬁay be replaced each other.

Further, in the tilt detection apparatus 95 shown in
Fig. 10, the tilt detection circuit 66 may be formed like

that it detects the eccentricity signal RQ in response to
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the eccentricity of the optical disk 80 based on the.
detection signal SR from the centex point sensor 12 of .
the optical pickup 50, gener;tes the tilting error siénal
TS’ based on the difference of the sum of the push-pull
signals PPl and PP2 and the eccentricity signal RQ, and
provideé the tilt error signal TS’ for the control |
circuit- 70.

For example, it extracts the frequency element in
rasponse to the rotation pe;iod of the optical disk 80
_frqm the detection signal'éR.aﬂd gener;tes the
eccentricity signal RQ based pn_the extracted frequency
element.

In this case, the step of generating the eccentriqity
signal RQ is included;in the flow-chart shown in Fig. 11
, and in the step S115 the tilt detection -eircuit 65 |
detects the tilt or the tilting:angle based on the
difference of fhe sum.of the push-pull signals PPl and
PP2 and the eccentricity signal RQ.

" as explained above, according to the present
inventiqn, the tilt detection apparatus and tilt
detection method detectable the tilt of the optical disk
ﬁsing the diffraction beams, the optical pickup can be

applied to the tilt detection appafatus, and the optical

disk apparatus can be provided.
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CLAIMS

1. An optical pickup, comprising;

a diffraction grating for diffracting a laser beam
from a laser to generate a Oth order diffraction beam and +-
first order diffraction beams which have the phase
distribution equal to or substantially equal to the phase
distribution due to the wave front aberration generated on an

optical disk when the optical disk is tilted;

an objective lens for céllectiﬁg said Oth order
diffraction beam and said +-first order diffraction beams
and exposing the beams to.the optiEal Aisk_on which track
guide grooves are f;rmed; and

a photodetector for ggneratigg signalg
cor;eéponding to said +-first order diffraction beams
reflected at said optical disk.

2. 2An optical pickup as set forth in claim 1,

wherein;

said objective lens collects said Oth order
diffraction beam and exposes it to the track of said
optical disk, and |

a distance from the center part of the optical
spot of said Oth order diffraction beam to the centexr

Part of the optical spot of said +-first orxder

L LT
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diffraction beams in the disk radial direction is, where
n is an integer of 0 or more, equal to or approximately
equal to a (n/2 + 1/4) times of the pitch of said track.
or a track guide groove.
3. An optical pickup as set forth in claim 1 or 2,
wherein; |
said pﬁase distribution of éne of said +-first
order diffraction beams is a phase distribution generated
wﬁen tﬁe tilting anéle_of said optical disk is a positive
constant angle, and |
. said phase distribution of another of said +-
first order diffraction beams is a phase distribution-
generated when the tilﬁing angle of said optical disk is
a negative ccnstanp angle:
4, An optical pickup.as set forth in claim 1;2 or
3 further comprising;
an actuator for moving said objective lens in the
disk radial direction in response to an eccentricity of
said optical disk, and
a position sensor for detecting the quantity of
movement or the quantity.of change of said objective.lens
in the disk radial direction. |
5. An optical pickup, comprising:

a first diffraction grating for diffracting a

* [ L M .S *
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laser beam from a laser to generate a main laser beam
including a Oth order diffraction beam an& first and
second sub laser beams including one of +-first order
diffraction beams;

a second diffractidn grating for-diffractin§ said
main laser beam to generate a.main.laser diffraction beam
including a Oth order diffraction beam and third and |
forth sub laser diffraction beams including one of +-
first order diffraction beams ;nd'diffracting said first
and second sub laser beams to generate first and second
sub laser diffraction beams-iﬁcluding a.Oth.order
diffracfion beam;

an pbjective.lens-for collect;ng said main laser
diffradction beams and said first to fortﬁ sub laser
diffraction beaﬁs and exposing ?he beams to an optical
disk on which track guide grooves are formed; and

a'phot;detécﬁor for'genérating signals in
response to said main laser diffraction beams and said
first to forth sub laser diffraction beams reflected at
said optical disk, and wherein

each of séid first and second sub laser
diffraction beams exposed to said optical disk has the
phase distributiqn equal to or substantially equal to the
phase distribution due to the wave front aberration

generated on said optical disk when said optical disk is
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tilted.

6. An optiéal pickup as éet forth in claim 5,
wherein;

said objecfive lens coilects said main laser
diffraction beam and exposes it to the track of said
optical disk, and -

a distance from the center part of the optical
spot of said main laser diffraction beam to:the-center
part of.thé 6ptical spot of said first and second sub
lasér.diffraétiop beams in the disk radial direction is,
.wheré ﬂ is an-integér of 0 or more, équal to or |
approximately equal to a (n/2 + 1/4) times of the pitch
of said tr;ck or said track guide groove.

7. An optical pickup as éét forth in claim 5,
wherein

é distance from the center pérf of the optical
spot gf said main laser diffraction beam to thg center
part of the opﬁical spot of said third and forth sub
laser diffraction beams in the disk radial direction is,
when m is an integer of 0 or more, equal to or
approximately equal to a (m + %) times of the pitch of
said track or said track guide groove.

8. An optical pickup as set forth in claim 5, 6

or 7 wherein;

said phase distribution of one of said first or
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second sub laser diffraction beams is a phase
distribution generated when the tilting angle of said
optical disk is a positive constant angle, and

said phase distribution-of another of said first
or second sub laser diffraction beams is a phase
distribution generated when the tilting angle of said

optical disk is a negative constant angle.

9. An optical pickup as set forth in claim 5, 6,
7 or 8 wherein said wave front aberration is the coma
aberration generated at a transparency subst;ate of said
optical disk.
10. A tilt detgctioh apparatus, COmprising;

a diffraction grating for diffract a laser beam from a
laser to generate a Oth order diffraction beam and +-first
order diffraction beams;

an objective lens for collecting said Oth order
diffraction beam and +-first order diffraction beams and
exposing the beams to the optical disk on which frack
guide grooves are formed;

a generating circuit for generating push-pull
signals of said +-first order diffraction beams reflected

at said optical disk; and
a detection circuit for detecting a tilt of said

optical disk based on the sum of the ?ush—pull signals of
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said +-firs£ order diffraction beams, and wherein,
wherein

each of said +-first order diffraction beams
exposed to said optical disk has the phase distribution
equal to ;r substantially equal to the phase distribution
due to the wave front aberration generated on said
-optical disk when said optical disk is tilted. |

11. a tiit detection apparagus as set forth in c¢claim

10, wherein;

said'objeCtive lens collects said.Oth oraer

diffraction beam.and exposes it to the track of,said

" optical disk, and

a distance from fhe center part of the optical
spot of said 0th order diffraction beam to the center
part of the optical_spot of said.+-fir§t order
‘diffraction beams in the disk_radial direction is, where
n is An integer of 0 or more, equal to or approximately
equal to a (n/2 + 1/4) times of the pitch bf said track
or said track guide groove.

12. A tilt detectioﬁ apparatus as set forth in
claim 10 or 11, wherein;

said phase distribution of one of said +-first
ordex diffracéion beams is a phase distribution generated

when the tilting angle of said optical disk is a positive

constant angle, and
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said phase distribution of another of said +-
first order diffraction beams is a phase distribution
generated when the tilting angle of said optical disk is
a negative coﬁstant angle.

13. A tilt detection apparatus as set forth in

claim 10, 11 or 12 further comprising

a photodetector, and wherein;

said photodetéctor éomprises light receiving
portions for receiviné each'of.séid +-first order
_diffraction beams reflected at Said-oﬁtical disk, and
each of said light receiving édrtions is divided in the
dirgction in response to the tréck.&irection on said
optical disk, and |

said genérating circui£ generafes the push-pull
signals of said +-first ordér’diffxaction beams based on
the outéut signals fram.said light receiving portions éf
said photodetector.

14. A tilt detectioﬁ apparatus as set forth in anj one

of claims 10 to 13, further comprising:

an actuator for ﬁoving said §bjective lens in the
disk radial direction in response to an eccentricity of
saia optical disk; and |

a position sensor for detecting the quantity of
movement or the quéntity of change of said objective

lens, and wherein
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said detection circuit generates an eccentricity
signal in response to'the eccentricity of said optical
disk based on said quantity of movement or the quantity
of change detected by said position sensor and detecting
a tilt of said optical disk based on the deference
between the sum of the push-puil signals of said +-first
order diffraction beams and said eccentricity signéll

15. A tilt detection apparatus, cohprising:
a first diffraction grating for diffracting a laser
beam from a laser to generate a main laser beam including a
0th order diffraction beam and first and second sub laser
beams including one of +-first order diffraction beams;

a second diffrgctiqh grating for diffracting said
main laser beam to geﬁeraté a ﬁain laser diffraction beam
including a 0th order diffraction beam and third ané
forth sub laser diffraction beams including one of +-
first order diffraction beams and diffracting said first
and second sub laser beams to generate first and second
sub laser diffraction beams including a Oth order
diffraction beam;

an objective lens for collecting said main laserx
diffraction beam and said first to forth sub laser

diffraction beams and exposing the beams to an optical

_—_—
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disk on which txrack guide grooves are formed:;

a generating circuit for generating push-pull
signals of said main laser diffractioﬁ beam and said
first to forth sub laser diffraction beams reflected at
. said optical disk; and

a detection circuit for generating an
eccentricity signal in reséonse to the eccentricity of
said optical disk based on the push-pull signéls of said
m;in laser diff:actién.beam and said third and fo;th sub
laser diffractioﬂ beamé.ana detecfing a tilt of said
optical aisk_based.on £he deﬁereﬁqe betweqn fhe-sum'df
the ppsh-pull signals of said firs£ and second sub lasgr.
diffraction beams and éaid eccentricity sig#al, and
wherein

each of said first and second sub laser
diffraction beams exposéd_to sai& optical disk has the
phase distribution equal'to-ér substantially equal to the
phase distribution due to the wave front aberration
generated on said opﬁical disk ﬁhen said optical disk is
tilted.

.16. A tiit detection apparatus as set forth in claim
15, wherein;

said objective lens collects said main laser

diffraction beam and exposes it to the track of said

optical disk, and
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a distance from the center part of the optical
spot of said main laser diffraction beam to the center
part of the optical spot of said first and second sub
laser diffraction beams in the disk radial direction is,
where n is an integer of 0 or more, equal to or
approximately equal to a (n/é + 1/4) times of the pitch
of said tiack or said track guide groove.

1?. A tilt detedtion apparatus as set forth in claim
15, wherein a distance from'the center part of the
optical spot-of said main laser-diffraction beam to the
center part of the opticai spot of said third and fourth
sus laser diffraction beams -in the‘disk radial dirgction-
is, when m ié aﬁ integer of 0 or more; eqﬁal to or
approxiﬁatelf equal to a (m + %) timés of the pitch of
said track or said track guide groove.

18. A tilt deteétion apparatus as set forth in claim
15, 16 or 17 wherein;

said phase distribution of one of said first or
second sub laser diffraction beams is a phase
distribution generated when the tilting angle of said
optical disk is a positive constant angie, and

said phase distributién of another of said first
or secénd sub laser diffraction beams is a phase
distribution génerated when the tilting angle of said

optical disk is a negative constant angle.

I IIIII I .II i |
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19. A tilt detection apparatus as set forth in any
one of claims 15 to 18, further comprising
a photodetector, and wherein;
said photodetecto: comprises light receiving
'portions for receiving each of said main laser
diffraction beam and éaid first to fourth sub laser
diffraction beams reflected at said oﬁfical disk, and
each of said light receiving portions is divided ig the
direction in response to the track direction on said -
optical disk, and
said gen;rating circuit generateé the pﬁsh;éull
signals of said main ;aser diff;actioﬁ'beam and said
first to fourth sub iaser diffraction beams based on.the
oﬁtput signals from said light receiving portions of said
.photpdeteétor.
20. A tilt detectio# method, comprising thé steés of:
diffracting a laser beam.to generate a 0th order
diffraction beam and +-first order diffraction beams and
exposing said generated Oth order diffraction beam and +;
first order diffraction beams to an optical disk on which
the track guide grooves are formed;
generating push-pull signals of said +-first
order diffraction beams reflected at éaid optical disk;
and

detecting the tilt of said optical disk based on
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the sum of the push—pulL signals of said +-first order
diffraction beams, and wherein
each of said +-first order diffraction beams

reflected at said optical disk has the phase distributioen
equal to or substantially equal to the phase distribution
due to the wave front abérration generated on said
optical digk when said optical disk is tilted.

21. A tilt detection method as set forth in claim 20,
wherein;

~said exposing step has the steps of collecting

said Othuqrder diff:acti§n“£eam and +-first order
diffraction beams and exposing said-Oth order diffraction
beam to the track of said optical disk, and

‘ a distancg from the center part of the opt;cal
spot of'séid Oth order diffraction.beam to the center
parﬁ of the optical spot of said +-first order
" diffraction beams in the disk radial direction is, where
n is an.integer of 0 or more, equal to or approximately
equal to é (n/2 + 1/4) times of the pitch of said track
or said track guide groove.

22. A tilt detection method as set forth in claim

20 or 21, wherein;

said phase distribution of one of said +-first
order diffraction beams is a phase distribution generated

when the tilting angle of said optical disk is a positive
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constant angle, and
said phase distribgtion of another of séid +-
first order diffraction beams is a phase distribution
genegate& when the tilting angle of said optical disk is
a negatiye constént angle._-
23. A tilt detection method as set forﬁh in claim
20, 21 or 22 further comprising
the:step of génerating an eccentricity signal in
response to the eccentricity of said optical disk, and
wherein |
said detecting step has a step of detecting thg
tilt of said optical disk based on the difference between
the sum of thé push-pull signals of said +-first oxrder
diffraction beams ahd said eccentricity signal.
24. A tilt detection method, comprisiné the steps of:
diffracting the_lasgr beam to genergte a main
laser beam including a O0th order diffractién bgam and
first and second sub laser beams including one of +-first
order diffraction beams;
diffracting said main laser beam to generate a
main laser diffraction beam including a 0Oth order
‘diffraction beam and third and fourth sub laser
diffraction beams including one of +-first order
diffraction beams and diffracting said first and second

sub laser beams to generate first and second sub laser
I —
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diffraction beams including a Oth order diffraction beam;
exposing said main laser diffraction beam and
said first to fourth suﬁ laser diffraction beams to an
optical disk on which track guide grooves are formed;
generating push-pull signals of said main laser
diffraction beam and said first to fourth gub laser
diffraction beams reflected at said optical disk; and
~genérating an eccentricity signal in response to
the eccentricity of said optical disk based on the push-
pull signals of said main laser diffraction beam and ;aid
third and fourth sub laser diffraction beams and detecting a
tilt of said optical disk based on the deference between the
sum of the push-pull signals of said first and second sub

laser diffraction beams and said eccentricity signal, and

wherein
' each of said first and second sub laser

diffraction beams exposed to said optical disk has the
phase distribution equal to or substantially equal to the
phase distribution due to the wave front-aberration
generated on said optical disk when said optical disk is
tilted.

25, A tilt detection method as set forth in claim 24,

wherein;
said exposing step has a step of collecting said

main laser diffraction beam and said first to fourth sub
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laser diffraction beams and exposing said main laser
diffraction beams to the track of said optical disk, and
a distance from the center part of the optical
spot of sai& main laser diffraction beam to the center
part of the optical spot of said first and second sub
laser diffraction beams in the disk radial direction ig,
where n is an integer of 0 or more, equal to or
approximatély equal to a (n/2 + 1/4) timés of the pitch

of said track or said track guide groove.

26. A tilt detection method as set forth in claim
24, wherein a distance from the center part of the optical
spot of said main laser diffraction beam to the center part
of the optical spot of said third and forth sub laser
diffraction beams in the disk radial direction is, when m is
an integer of 0 or more, equal to or approximately equal to.a
(m + %) times of the pitch of said track or said track guide

groove.

27. A tilt detection method as sef forth in claim

24, 25 or 26, wherein;

said phase distribution of one of said first or
second sub laser diffraction beams is a phase
distribution generated when the tilting angle of said
optical disk is a positive constant angle, and

said phase distribution of another of said first

or second sub laser diffraction beams is a phase
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distribution geﬁerated when the tilting angle of said
optical disk is a negative constant angle.

28. An optical digk apparatus, comprising:

an optical pickup for diffracting a laser beam from a
laser, generating a Oth order diffraction beam and +-first
order diffraction beams having the phase distribution equal
to or approximately equal to the phase distribution due to
the wave front aberration.of an optical disk when the optical
disk is titled, exposing the 0th order diffraction beam and
+-first order diffraction beams to the optical disk, and
receiving reflected beams of said exposed beams from the
optical disk to generate signals in response to each of the
reflected signals;

a signal gengration circuit for generating push-
pull signals of said received reflected beams éf at least
said +-first order diffraction beams;

a tilt detection circuit for detecting the tilt
of the optical disk based on the sum of said generated
push-pull signals of said +-first order diffraction

beams; and
a tilt correction portion for correcting the tilt

of the optical disk in response to said detected tilt.
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29. A tilt detection apparatus for use in an
optical pickup, detection means operable to detect a tilt of
an optical disc according to the method of any one of claims
20 to 27.

30. An optical pickup according to any one of
claims 1 to 9 or apparatus according to any one of claims 10
to 19 or 28 and 29, further comprising a laser for outputting

a laser beam.
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