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3 August 2004 OPTICAL PICKUP, TILT DETECTI ON APPARATUS TI LT, RERWGEH 10¢4
METHCD AND OPTI CAL DI'SK APPARATUS BACKGROUND OF THE I NVENTION 1. Field of
the Invention The present invention relates to an optical pickup for
exposing a | aser beam passed through a diffraction grating to an optical
disk, a tilt detection apparatus, a ti|t detection nethod for detecting a
tilt of the optical disk, and an optical disk apparatus. 2. Description of
the Related Art In the optical disk apparatus, when a tilt exists on the
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i nvention of an optical pickup is disclosed in Japanese Unexam ned Patent
Publ i cati on (Kokai) No.9- 128785. In this Publication, in an optical pickup
conprising a | aser beam source., an _objective |lens and an aberration

correction use BAGRARPER QEITHRNNVENTIPY i scl osed to change the

refractive index of the Iliquid 3 August 2004 2
1. Field of the Invention

The present invention relates to an optical
picku§ for exposing a laser beam passed through a
diffraction grating to an optical disk, a tilt detection
apparatus, a tilt detection me#hod for detecting a tilt

of the o?tical disk, and an optical disk apparatus.

2. Description of the Related Art

In the optical disk apparatus, when a tilt exists
on the optical disk, the deterioration of the signal
qﬁality of a reeqrding signal and/or a reproducing signal
of the opﬁical disk may be occurred. Fér co;reéting the
tilt of the optical disk, it is necessary to detect thé
tilt of the optical disk and generate a signal in
responsé to the tilt.

An invention_of an optical pickup is disclosed in
Japanese Unexamined Patent Publicétion (Kokai) No.B9-
128785. Iﬁ this Publicatioh, in an optical pickup
comprising a laser beam source, an objective lens and an
aberration correction use liquid erystal panel, it is

disclosed to change the refractive index of the liquid



crystal panel in response to the thickness or the tilting angl gugist2004e
liquid crystal panel. Further, it is disclosed that a tilt sensor detects
the tilting angle and a liquid crystal panel control circuit drives the
liquid crystal panel to change the reffactive index based on the tilting
angle. In the optical pickup of said Publication No. 9-128785, the
position for arranging the tilt sensor is restricted, and, in the optical
di sk, a point to which the |aser beamis exposed is different froma point
where the tilt sensor detects the tilt, and thus it is difficult to detect
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a | aser to nerate a Oth. order diffraction beam and, +- first order
diffract%agﬁgge%ﬁ%?Rﬂﬁ 8ﬁnﬁ£vE9t9ﬂ§n%ﬁa§ ecﬁ%ﬁ%angY?oﬁPdex based on the

tilting angle.

In the optical pickup of said Publication No. 9-128785, the
position for arranging the tilt sensor is restricted, and, in the
optical disk, a point to which the laser beam is exposed is
different from a point where the tilt sensor detects the tilt, and
thus it is difficult to detect the tilt of the optical disk

precisely.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a tilt
detection apparatus and a tilt detection method capable of
detecting a tilt of an optical disk.

Further, another object of the present invention is to provide
an optical pickup applicable in said tilt detection apparatus.

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

In one aspect, the present invention provides an optical



equal to or substantially equal to the phase distribution dug Aggusiaye
front aberration generated on an optical disk when the optical disk is
tilted; an objective lens for collecting said Oth order diffraction beam
and said +-first order diffraction beads and exposing the beans to the
optical disk on which track guide grooves are fornmed; and a phot odetector
for generating signals corresponding to said +first order diffraction
beans reflected at said optical disk, said phase distribution of one of
said +-first order diffraction beanms is a phase distribution generated
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and exposing the beams to the optical disk on which track guide
grooves are formed; and a photodetector for generating signals
corresponding to said +—first order diffraction beams reflected at
sald optical disk, 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 constant angle,
‘and said phase distribution of another of sad +- first order
diffraction beams is a phase distribution generated when the
tilting angle of said optical disk is a negative constant angle. In
one example embodiment, said objective lens collects said 0th
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 center part 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, egual to or

approximately equal to a {n/2 + 1/4) times of the pitch of said track



angl e, and said phase distribution of another of said +-first3Anget 2004
diffraction beans is a phase distribution generated when the tilting angle
of said optical disk is a negative constant angle. In yet another exanple
enbodi ment, the optical pickup further? conprises an actuator for noving
said objective lens in the disk radial direction in response to an
eccentricity of said optical disk, and a position sensor for detecting the
guantity of novenent or the quantity of change of said objective lens in
the disk radial direction. In another aspect, the present invention

provi des,ana08t {62l gRidKyYpPostPrising: a first diffraction grating for
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comprises 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.
In another aspect, the present invention provides an optical
pickup comprising: a first diffraction grating for diffracting a laser
beam from a laser to generate a main laser 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 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 diffraction

beams including a Oth order diffraction beam, an objective lens



beans reflected at said optical disk, and each of said first 3afidouss2@eind
sub laser diffraction beans 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; said phase distribution of one said first or
second sub | aser diffraction beans 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 |aser
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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; said phase
distribution of one 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
distribution generated when the tilting angle of said optical disk is a
negative constant angle.

In one example embodiment, 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 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/2 + 1/4) times of the pitch



1/2) tinmes of the pitch of said track or said track gui de gr Govegust 2004et
anot her exanpl e enbodi nent, said phase distribution of one of said first
or second sub | aser diffraction beans is a phase distribution generated
when the tilting angle of said opticalﬁdisk is a positive constant angl e,
and sai d phase distribution of another of said first or second sub | aser
diffraction beans is a phase distribution generated when the tilting angle
of said optical disk is a negative constant angle. In another exanple
enbodi nent, said photodetector conprises light receiving portions for

recei vi ¢ each ofasaid a8kl {gggy'gugggfégggqeqn beam and said first to
fourth sub | aser diffraction beans reflected at said optical disk, and
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In yet another example embodiment, 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 distribution generated when the tilting angle of said optical
disk is a negative constant angle.

In another example embodiment, said photodetector comprises
light receiving portions for receiving each of said main laser
diffraction beam and said first to fourth sub laser diffraction
beams reflected 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 yet another example embodiment, the 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



grooves are formed, a generating circuit for generating push-3pfiigust 200nal s
of said +-first order diffraction beans reflected at said optical disk,
and a detection circuit for detecting a tilt of said optical disk based on
the sumof the push-pull signals of sa’d +-first order diffraction beans,
and each of said +-first order diffraction beans exposed to said optical

di sk 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; said phase distribution of
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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 push-pull signals of said +-first
6rder 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; 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 constant angle, and
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 constant angle.

In one example embodiment, said objective lens collects said

Oth order diffraction beam and exposes it to the track of said



generated when the tilting angle of said optical disk is a Fo4diigusv2004
constant angle, and said phase distribution of another of said +-first
order diffraction beans is a phase distribution generated when the tilting
angl e of said optical disk is a negatife constant angle. In yet another
exanpl e enbodi nent, the tilt detection apparatus further conprises a

phot odet ector, said photodetector conprises light receiving portions for
receiving each of said +- first order diffraction beans reflected at said
optical disk and each of said light receiving portions is divided in the
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of said +-first order 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 order diffraction beams is a phase distribution
generated when the tilting angle of said optical disk is a negative
constant angle.

In yet another example embodiment, the tilt detection
apparatus further comprises a photodetector, said photodetector
comprises light recelving portions for receiving each of said +-
first order diffraction beams reflected 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 and said
generating circuit generates the push-pull signals of said +—first
order diffraction beams based on the output signals from said light
receiving portions of said photodetector.

In another example embodiment, the tilt detection apparatus



beans and said eccentricity signal. In another aspect, the priesenist2004
invention provides a tilt detection apparatus conprising: a first
diffraction grating for diffracting a |aser beamfroma |l aser to generate
a main | aser beamincluding a Oth ordef diffracti on beamand first and
second sub | aser beans including one of +--first order diffraction beans,
a second diffraction grating for diffracting said main | aser beamto
generate a nmain laser diffraction beamincluding a Oth order diffraction
beam and third and fourth sub | aser diffraction beans including one of +-

first ordeendd fbrpsidan heanma20d dbf foachy nahisebdidddist angk secepd sub
| aser beans to generate first and second sub |aser diffraction beans
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second sub

of said first; and second subylA3el 1 4isk based on the deference between
the sum of the push-pull signals of said +-first order diffraction
beams and said eccentricity signal.

In another aspect, the present invention provides a tilt
detection apparatus comprising: a first diffraction grating for
diffracting a laser beam from a laser to generate a main laser 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 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 diffraction
beams including a Oth order diffraction beam, an objective lens for

collecting said main laser diffraction beam and said first to fourth

sub laser diffraction beams and exposing the beams to an optical disk



diffraction beans exposed to said optical disk has the phase3 Augist 204t i on
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 one exanple enbodi ment, saild objective lens collects said main
| aser diffraction beam and exposes it to the track of said optical disk,

and a distance fromthe center part of the optical spot of said main Iaser
diffraction beamto the center part of the optical spot of said first and
second sub laser diffraction beans in the disk radial direction is, where
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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 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.

In one example embodiment, said objective lens collects said
main laser difffaction 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 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/2 + 1/4) times of the pitch of said track

or said track guide groove.

In another example embodiment, a distance from the center part



disk is a negative constant angle. In another exanple enbodi rfefegust P4t i | t
detection apparatus further conprises a photodetector, and said

phot odet ector conprises |light receiving portions for receiving each of
said main laser diffraction beans and!said first to fourth sub |aser
diffraction beans reflected at said optical disk, and each of said |I|ight
receiving portions is divided in the direction in response to the track
direction on said optical disk, and said generating circuit generates the
push-pul |l signals of said main |aser diffraction beamand said first to
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sum of t 1@%&%&%&@%&9%& “Lsalo t%%‘%j % P?Jféttrgfzge ‘Pldﬁi PF?4Cti on beams, and
each of said - {ifst Qrder diffracti eans.reflected at,k said optical

di sk has the ‘Ph: g6 WPSFT SUrTBh SRR T 0P SOLBHR CHPFY 3™ B t he
phase c“é%érb?ugéfglfi%%ttgr 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.

In another example embodiment, the tilt detection apparatus
further comprises a photodetector, and said photodetector
comprises light receiving portions for receiving each of said main
laser diffraction beams and said first to fourth sub laser
diffraction beams reflected 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, and said generating
circuit generates the push-pull signals of said main laser
diffraction beam and said first to fourth sub laser diffraction

beams based on the output signals from said light receiving

portions of said photodetector.



the wave front aberration generated on said optical disk whed &edudt 24t i cal
disk is tilted; said phase distribution of one of said + first order
diffraction beanms is a phase distribution generated when the tilting angle
of said optical disk is a positive constant angle, and said phase

di stribution of another of said +- first order diffraction beans is a
phase distribution generated when the tilting angle of said optical disk
is a negative constant angle. In one exanple enbodi ment, said exposing step
has the steps of collecting said Oth order diffraction beamand +-first

order diffragfi.aBtREANE Y, €XROSL AL SR me?mif%rndg&ogiéég actl;9p beagnto

the track of said optical disk, and a distance fromthe center part

August 2004 -13,0fmd iR ORbk EQS' ten@f o égéio g nggcéﬁﬁffga 5. f‘é%é%”‘to
v PG AoF ks

the center part of the optical 'spot o I rst order raction

bearms 11,4 bendl st LU ofhe 0o oo RR, 1) S A7 40! gheg, of O or more

equal to or approximately equal to a (n tines o e pitch of

sai d tragleQr sald JLACK QUi de AnQgVe. ;4 LanoLher sxaml g embodi ment, said
o1 “sal +-? SC"{ OI‘S

phase distribution of one T er diffraction beans is a

phase di str.i i on nerated.. when the tilting.angle of said optic di sk
is a pod;f{fir\gglc%:%ﬁslfegaﬁ? %gﬁglge,fl%\ér}cd &SR %ﬁ%%s%a 'SP PBETT off 67 gﬁ%f’ﬁ% of
sai d +-Q;rit order diffraction beans is a phas ributionHngne at ed

ahen © nah pRa bl PSR kRO BaPSufa e e 15 HegaErUB- CNSERIr angl .

In yet ﬁﬁgfihgﬁgﬁé gngfesgggoglggggﬁ o&ggrtéi%fég%%?%%iggaégngg%{ected at
sald optical disk and detecting the 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 reflected at 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; 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 constant angle, and
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 constant angle.

In one example embodiment, said exposing step has the steps

of collecting said 0th order diffraction beam and +-first order

diffraction beams and exposing said Oth order diffraction beam to

the track of said optical disk, and a distance from the center part



further conprises the step of generating an eccentricity sigriafugust2004
response to the eccentricity of said optical disk, and said detecting step
has a step of detecting the tilt of said optical disk based on the

di fference between the sumof the pushtdpull signals of said +-first order
diffraction beans and said eccentricity signal. In yet another aspect, the
present invention provides a tilt detection nmethod conprising the steps
of: diffracting a | aser beam to generate a main |aser beamincluding a Oth
order diffraction beamand first and second sub | aser beans including one
of +-first tBeAUPStarQbcldrosddes dlif bracti @ne o8 ondbddy act g said main
| aser beamto generate a main |laser diffraction beamincluding a Oth order
di ffractd be tier f hosul d psek; diff [ p§§g§ i.ncl udi ng
one of f%%ﬁfstgg%%ggf&?%?ggg??%hq%%gng§5ﬁﬁigﬁf %giﬁfﬁgﬁ&sg?f |rs€hand

second sjplaserieast Qage0erAl cki bt Andraecond; o syb iheggér di 4 }‘or action

beans including a Oth order diffraction beam exposing said nmain |aser

di ffractapﬁg,bsané 1@l grfggifo&igl fgeygﬁ%%éalibto' QS@E)@J flvﬁ‘?t{&(%?%%m; to

an optical disk o ich trac ves are med, generating
push- pulJ, si S, of [ in.l | ffr L on mand said first to
fourth gte Fgg§$‘ﬁ?f??gc?f%%lggéﬁé?&r%g(%% gg&%lg%ggg'optical di sk, and

generating an e pcit ignal .in_response.to the eccentricity of said
optical disk Bachg het cenedspfboqibatt MRS Grlade: dEn BT Skr o8 1% act | on

peam and, sabdyt il £ A03aLOUEL {1, 2R bl 1M 8CLA 20 REANE NG et ecting a

generated, when the tilting angle 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 tilting angle of said optical disk is a negative
constant angle.

In yet another example embodiment, the tilt detection method
further comprises the step of generating an eccentricity signal in
response to the eccentricity of said optical disk, and said
detecting step has a step of detecting the tilt of said optical
disk based on the difference between the sum of the push-pull
signals of said +-first order diffraction beams and said
eccentricity signal.

In yet another aspect, the present invention provides a tilt
detection method comprising the steps of: diffracting a laser beam
to generate a main laser beam including a Oth order diffraction

beam and first and second sub laser beams including one of +—first



optical disk based on the deference between the sum of the pushugngt 2004
signals of said first and second sub | aser diffraction beans and said
center eccentricity signal, and each of said first and second sub | aser
diffracti on beans exposed to said optﬂéal di sk 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; said phase distribution of one said first or second sub | aser
diffraction beans is a phase distribution generated when the tilting angle

of sai d opkircal rehdeion BeAMgUsti £2004: by 3aP@Shdilny€a60NYAR tangl e, and
sai d phase distribution of another of said first or second sub | aser

di ffractyepBrReans nagnal PASQ: rdlstFiMIbean SeMeIALgdaWEN Jdetilting angle
of said optical disk is a negative constant angle. In one exanple

enmbodi Mefitrr g8t thie A8 BHA StiBR-dasqarstAan Qhp £oldeclii-Rg, sai %@E@s' aser
diffraction beamand said first to fourth sub laser diffraction beans and

eXPOS| Nyl ARidhd 3FCh- ALIT AckboNa; PEAIBOn Deadd atls Al cpAIL 08! | Cal

di sk, and a distance fromthe center part o e optical spot of “said nmain

Laser didthgagtion HEANLEGNS N GELEETHOAY f LIS, AR 11G3L . SRl Alqsal d

first and second sub | aser raction beans I n t ra irection

s, WherGpn L&A HURISE Pland PR ATRYGCAUAL Lo 3RPLOXI TRt SLY, equal to
%flﬁ)ﬁ‘ ch G qt

a (n/2 + times of the pit of sard track or sai rack gulde groove.
|0, 200t RS SARTL, SIBNCHIEOL 18 AR QLIS PRULAL %5l o°
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 sub laser diffraction beams
reflected at said optical disk, and 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 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
center eccentricity signal, and 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; said phase distribution

of one said first or second sub laser diffraction beams is a phase

distribution generated when the tilting angle of said optical disk is



part of the optical spot of said third and fourth sub | aser 3dhtgusaddCdon
beanms in the disk radial direction is, when mis an integer of 0 or nore,
equal to or approximately equal to a (m+ 1/2) tinmes of the pitch of said
track or said track guide groove. In yet another exanple enbodi ment, said
phase distribution of one of said first or second sub laser diffraction
beans is a phase distribution generated when the tilting angle of said
optical disk is a positive constant angle, and said phase distribution of
anot her of 3 August 2004 16 said first or second sub laser diffraction

beanms ig gophase cOhSlanibiidn gﬁﬁ%raaae&lmealémbméd ng anghe ofgsaid

optical disk is a negative constant angle. In another aspect, the present

| nvent | ansAr ovldes, A BRkl &8 1 Qélskdl%ppééato&&sb&ae@&g%%aén optical pickup

for diffracting a | aser bean1 roma [aser, generating a Oth order

di 1 a0Us 0P, BEATLANGLE:LEES bunefT 881 (Sh L1LAGLON Jieagp, hay gy L, P

di stribution equa apprOX|nate y equa e ph strlb |on due

to t he ga%g gfﬁgcoﬁggé%ﬁ&gﬁ%bof an optical disk when the optical disk is

ilted, 05|n r diffraction beamand +-first order

d|ffract|on e havi ase dIS ribution ual to or ap oxi mately
equal to the%p g%e ? u?ﬁgﬁ e °t tﬁf?osmn %%% a% S6ePFER éﬁ; of an

t I k_wh t t t ed,
o v actrinEoal dat lﬂaﬁ?réﬁse&rﬁé?%%stﬁ%c R o Bl et g sk
and recel P%?reflg s of sgld exposed  heans iron1%h?f 0 tlcal di sk
to generafe &ignsrEts rlgg Y PO SEERSOFY SRS MiRelptyf diffraction

beam 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 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/2 + 1/4)
times of the pitch of said track or said track guide groove.

In another example embodiment, 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 fourth 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 + 1/2)
times of the pitch of said track or said track guide groove.

In yet another example embodiment, said phase distribution of
one of sald first or seccnd sub laser diffraction beams is a phase
distribution generated when the tilting angle of said optical disk is

a positive comnstant angle, and said phase distribution of another of



signals, a signal generation circuit for generating push- pulk3§h§gat@y;of
said received reflected beans of at |east said +-first order fraction
beans, a tilt detection circuit for detecting the tilt of the optical disk
based on the sum of said generated pust-pull signals of said +-first order
diffraction beans, and a tilt correction portion for correcting the tilt
of the opti cal disk in response to said detected tilt. 3 August 2004 17 In
on exanpl e enbodi ment, the +-primary diffracti on beans generated by the
diffraction grating have a phase distribution equal to or nearly equal to

the phasg ;di 8frdbuti odrgesto it @rv\@%ag&\g@mn b%QﬁgByest' 0@19%2“& ed on the

optical disk while the optical sai

di Str T Dutils@Rent@nPYShe il SidNTheOl; AN OLNE o 5 1d 2L E¥C(Egll) ikactd on

beans becones X1 mum val ue at n t||

push- pul ] ngggggkag ndQther pf the +- prlnary di ffracti on beans becones the
m ni mum val e at the certal% tilt angle(-0). By obt ai ning an additional

signal as the kan of the ul | nals of the +-primary
di ffraction bea%éSQﬁ%. SBQ UeEbF ??Fsenédl'v%héﬁ cﬁ%ﬁe%an 5EEHEHe 0 while

the tiltg.angle I%fughcenprtlcal %hsk h% ymmetri cal adgltlona
signal Corr SRR R tig" SItP dpﬁgﬂgi eé‘gqﬁfaﬁﬁﬂFég aFrbe
obtalnqu sgrth%tlgpe tilt a e |51$§tg§taeég Hhe addltlgn nal .
I n anot Ker exanplie eﬁ%ddlﬁ%ﬁf He 1% PrAR 55 TFSbPTa 8n tr?%? ction
beans gen rat(?lftj%gcitzlhc?n tole!';u%sts h%%qngegh%n%hg!sé fc{las%trlil%ltlon equal to or
approximately equal to the phase distribution due to the wave front
aberration of an optical disk when the optical disk is tilted,
exposing the 0th 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 tilted, exposing the 0% 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 generation circuit for generating push-pull signals
of said received reflected beams of 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.



gratings have a phase distribution equal to or substantially 3etuaist 2604 t he
phase distribution due to the wave front aberration generated on the
optical disk while the optical disk has a tilt. 3 August 2004 18 By said
phase distribution, the push-pull signdl of one of the first and second
sub laser diffraction beans becones the maxi mumvalue at the certain tilt
angle (0) and the push-pull signal of another of the first and 3 August
2004 -19 second sub laser diffraction beans becones the m ninum val ue at
the certain tilt angle(-9) . By obtaining an additional signal as the

result of addid bANefmd BeeritttineRY lthsi B3R ff diferidvish Bodsecond
addi ti onal beans, the value of the additional signal can be nade 0 while

the tiltyaRgheePhbyt be Qﬁtfifggéti@n_s?;é@in%ohw ol BRasS WINRL{Hhfabn adglihi onal
signal corresponding to the positive and negative tilt angles can be

obt ai nedyy 8¢ ndf1al, thgat itbttr?en%hssé widetagtabheqay dohene 3ddit kpfal  signal.
BRI EF DESCRI PTI ON" OF° THE DRAW NGS These and ot her objects and features of

the, pre i vephi on CQPE; Imr g Iy - fal |
doscri pran oF ThaChr ohorr 80 Srhont Hamt S ur R rer oronestrD: Rk Mo
acconmpanyhpg draw ngs, in which:

By said phase distribution, the push-pull signal of
one of the +-primary diffraction beams becomes the maximum value at
the certain tilt angle (8) and the push-pull signal of another of the
+-primary diffraction beams becomes the minimum value at the certain
tilt angle(-0). By obtaining an additional signal as the result of
addition of the push-pull signals of the +-primary diffraction 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
corresponding to the positive and negative tilt angles can be obtained,
so that the tilt angle is detectable by the additional signal.

In another example embodiment, the first and second sub laser
diffraction 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.



Figures 1A and 1B are views for explaining the relationship3ustmeer0d4he
light intensity and the position of the light spot fornmed on the optical
disk as an exanple.; Figure 2 is a view of the characteristics show ng the
rel ati onship between the tilting angléﬁ n the disk radial direction and
the sum of the push-pull signals of the + first order diffraction beans;
Figure 3 is a view for explaining the interference 3 August 2004 -20
fringes cal cul ated using the conputer hol ogramtechnol ogy as an exanpl e;

Fi gures 4A and 4B are views of the configuration of the diffraction
grating forme kheqighzesfer@peButibhNoe® paBOWL1LNsFi@a Sf aheaBr RNP! €;
Figure 5 is a schematic view of the configuration of the optical pickup
conpr i sifgsthghdisbbeRE BN Mt LDBrr3ROVN YeldmEl Bsoordd @R mdBimds GHi G 6 1S a
schematic view of the configuration of the light receiving portion of the
phot odetactge &hewinih1tFh8y1:(ofi MY end hdnap¥l £WikAk: Plabrhdg Jehe
arrangenent of the light spots on the recording plane of the optical

di sk; Figdre;8sd $n@ vView for explaining the relationship



between the tilt error signal TS and the tilting angle, espé&chagdusy2@iden
the tracking error is not exist (on track state) ; Figure 9 is a view for
explaining the relationship between the tilt error signal TS and the
tilting angle when both the cases the tracking error is exist (detrack
state) and is.not exist (on track state); Figure 10 is a bl ock diagram
showi ng an enbodi nent of the optical di‘%‘k apparatus conprising the opti cal
pi ckup shown in Fig. 5; 3 August 2004 -21 Figure 11 is a flowchart '
showi ng the detection method for detecting the tilt in the radial
direction ofecend spbi éaredi Skffmaritdon beaget deccnesafper atlrsimym t he
optical disk apparatus; Figure 12 is a view of the configuration of the
optical pickapuéorhetheycadtibng thetdehtladtitdn .gBat iokgaitnd ncheropt i cal
pi ckup; Figure 13 is a. view of the configuration of the light receiving
portion of a¢diphotaliestgral showhe meBudt oZ, adlidgioa £ ithea pudhew f or -
expl ai ning the arrangenent of the |ight spots on the recording plane of the
optical disddlFsggnalibofsthe. iewtf andespkaind addiis onellabieanshi p
between the tilt error signal TS and the tilting angle

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 corresponding to the

positive and negative tilt angles can be cobtained, so

that the tilt angle is detectable by the additional

signal.

BRIEF DESCBIPTION OF THE DRAWINGS

These and other objects and features of thelérééent
inventioq will become more clearer from the following
descriptién of the preferred eﬁbodimentg 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 light 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



when both the cases the tracking error is exist (detrack stat&ygwnzbiss not
exist (on track state); Figure 16 is a bl ock diagram showi ng the
configuration of an enbodi ment of the optical disk apparatus conprising-
the optical pickup shown in Fig. 12; and Figure 17 is a flow chart show ng
n the detection mnmethod for detecting the tilt in the radial direction of
the optical disk in the tilt detection-#pparatus of the optical disk
apparatus shown in Fig. 16. 3 August 2004 22 DESCRIPTI ON OF THE PREFERRED
EMBODI MENTS Preferred enbodi ments of the present invention will be
expl ai ned wWiringes ecahcelabedhusingathedcdmaningsholagrept iteathndilsigy
apparatus generally conprises an optical pickup, collects a | aser ‘beam
out putted famnmnthexampleonductor | aser inside the optical pickup, and
exposes it to the optical disk. Fig. 1A and 1B are views for explaining the
rel ati onshi p beTigperes$ héh | agdt 4B ndeasvigwandft heepoenfigrradgfionhefl i ght
spots fornmed on the optical disk as an exanple. Fig. 1A is a view for
showi ng t hethel &t fHnsdtpon betaeengt Aermedhthenianerfyrandet feipasist i on when
the optical disk is not tilted (on track state) as an exanple. Fig. 1B is
a view for sxpbfiin gidhe3 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 4RB;
Figure 6 is a schematic view of the configuration of
the light receiving portion of the photodetector shown in
"Fig. 5;
‘Figure 7 is a view for ekxplaining the arﬁangement of
the light spots on the.fecording plane of the optical
disk;.
Figure 8 is a view for explaining the relationship
between the tilt error signal TS and the tilting angle}
" especially when the tracking error is not exist (on track
state) ;
Figure 9 is a view for explaining the relationship
between the tilt error signal TS and the tilting angle
when both the cases the tracking error is exist (detrack
state)'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;



rel ationship between the light intensity and the position wleaughke2@atical
disk is tilted as an exanple. When the optical disk is tilted (inclined),
the intensity of the center of the |light spots becones |ower and the
si derobe appears in the tilting direction. Further, due to the | owering of
the intensity of the center of the light spot, the anplitude of the
reproducing signal in response to the gquantity of the reflected light is
decreased, and.thus the quality of the signal nay deteriorates. This is
because, when the | aser beamstrikes a 3 August 2004 -23 transparency
substrate (di skEsgseratedsor fhevwrehaet sbhpvieal thpsfeteftiraser beam
passed through the transparency substrate to the recording plane is
ef fected, thethkpdtfal ghbeetipgt Fheoutidh, iforhexunaghialt Adrephicn of
di stribution due to the wave front aberration, and the collecting
per f or mancetiodé ¢heidafghdisipoinf ohaetibh dehectionr dppgratnsacé bbeones
| oner. When the phase distribution corresponding to the tilting angle 8 is
given to onertosel deskn appadatmee, the phase distribution correspondi ng
tothe tilting angle -e is given to another |aser beamin advance, and
both the | aserripars Idaving equalr of gthhe | adeiisgtrasion hef repeoduced
push-pul | signals obtained fromeach 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 portion of the photodetector shown in Fig. 12;
Figure 14 is a view for explaining the arrangement of
the light spots on the recording plane of the opticai
disk;
Figure 15 is a view for éxplaining the relationship
between the tilt error signal TS and theitiiting angle
when both the cases the tracking error is exist (detrack
state) and is not exist (on track state);
Figure 16 is a block diagram showing the
configuration of an embodiment of the optical disk
apparatus comprising 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.



| aser beans are shown by the characteristic curves A and B inAfggt 2004
Then, by adding the both reproducing push- pull signals to generate the sum
signal, the characteristic curve becones (A+B), so that the tilt error
signal in response to the tilts (or the tilting angle) of positive and
negative can be obtained. In the present enbodinent, to detect a tilt of an
optical disk, the phase distribution ecqtfal to or approximately equal to

t he phase distribution generated due to the tilt of the disk substrate in
the disk radial direction is added to the |aser beam by using the
diffracti on gr MESYROLTDCR OFeTBEr PREFERRED { EMBORIMPHNISal 3 August 2004 -
24 disk. In the optical pickup of the related art, the Oth _order
diffracti on bearrafsridd ambodibhentdest dthérpetsont beaastigeneiatied by t he
| aser beam passed through the diffraction grating, have a honbgeneous or
subst anti alby eholmpeadoustphastedestel but tha antachedpdgawiags.direction.
The Oth order diffraction beamand the +--first order diffracti-on beans

pass through ttmn olyperdaledissappars ofis gageraily| bghbrspes and two sub
i ght spots on ,the optical disk at the same tinme. On the other hand, by

form ng th%;d&iééﬁ%i@fh}_gr%éDBec&QGaSDQQéf:IBeﬂﬁt beEPuttbe 8tBmokHer
diffraction beam may
semiconductor laser inside the optical pickup, and
exéosesrit to the optical disk.

Fig. 1A and 1B are views for explaining.the
relétionship between the light intensity and the position
of the light sp§ts formed on the optical disk as an
example. 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 position
when the optica; disk is tilted as an example.“ |

When the optical disk is tilted (inclined), the
intensity of the center of the light spots becomes lower
and the siderocbe appears in the tilting direction.
further, due to the lbwering of the intensity of the
center of the light spot, the amplitude of the
reproducing signal in response teo the quantity of the
reflected light is decreased, and thus the quality of the
signal may deteriocrates.

This is because, when the laser beam strikes a



have t he honbgeneous phase and the +-first order
given the spatia
the disk substrate tilting in positive direction and negative
passi ng through the objective |ens,
disk is not tilted and two-sublight spots equal
the case the p8ditive and negative tilts exist, may
di sk at the same tine. Here,
the interference fringes forned on a screen

As the result,
when the opti cal
substantial ly equal
formed on the optical

be
conput er

phase.

to
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diffracti ors heans200y be
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direction.
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to or

he
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screen w t kpttheagr edetkor mived aawsyt e wh el | dedwgh tHee above | aser beam
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phase

di stri buti ¢rsinsparenatyeduiirdiratretpdss: ttvoughindieiesk substrate
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conput er.

mat ched to the angle and direction of the Oth

negative direction,

tilting

can be obtained found by a

Ndffectteal,, thiee spaglierlanthadia etitd toniloftidre, tfvor |asenpldebineg are

t he +-firsphasdedidithfibatiiioan due to the wave front aberration, and

the collecting performance of the light spot formed on

the recording surface becomes lower.

When the phase distribution corresponding teo the

tilting angle & is given to one laser beam in advance,

the phase distribution corresponding to the tilting angle

-8 is given to another laser beam in advance, and both

the lager beams having equal
reproduced push—puli signals
laser beams are shown by the
B in Fig. 2. Then, by adding
pull signals.to generate the

characteristic curve becomes

light intensities,-the
ébtained from each of the
characteristic curves A and
the both reproducing push-
sum signal, the

(A+B) , so that the tilt

error signal in response to the tilts (or 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

order diffracti on beam and



beans after passing through the diffraction grating in the Gasegish2004t he
diffraction grating is nounted on the optical pickup. First, the phase
distribution of the |aser beam passing through the tilted disk substrate
is defined by the equations. The description by pol ynom al devel opnent of
the wave front aberration is used for defining the equations. By the
pol ynom al devel opnent of the wave from* aberration, the coma aberration
is major part of the wave front aberration generated by the tilting
transparency substrate. Wen this coma aberration W is expressed by the
foll owi ng eduskion (1), where x is a position in the disk 3 August 2004 -26
radial direction, and an orthogonal coordinate (x,y) standardized
(normal i zed) byIthehapeytical rpickep onft hhe npbtatedeapkantghef Othe objective
lens. W (Xx,y) . 2 riWix + 2 nWB1x (x2+y2) + 2 rxWblx (x2+y2) 2 . (1) In
t he above egudérodiffiyactiMid besam andetheohtfioetfordent diffrdettdom ni ng
the position of the light spot forned on the optical disk, and since it
doesn't i rbéaencegéhersbapecopfl thdelisghtbespopasasy vhtuegbamhbe
diffraction grating, have a homogenecus or substantially
homogeneous phase distribution in a propagation
direction. The 0th order diffraction beam and the +-first
order diffraction beams pass through the objective lens
. to form one main light spot and two sub light spots on
“the optical disk at the same time.
On the other hand, by forming the diffraction grating
the specific pattern, the Oth order diffraction beam may
have the homogeneocus phase and the +-first order
diffraction beams may be given the spatial phase
distributions generafed'when they pass fhrough the disk
substrate tilting in positive direction and negative
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 or substantially equal to
the case the 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



chosen. Further, WB1 and Wbl are conma aberration coefficientsg AMBLt 204 and
W1l (?) standardi zed (normalized) by the | aser beam wavel ength X, and each
WBi (A =I (n2-1)
] ={ (n2-1) n2t NA5
(n4+3n2cos2e- 5n2si n2e+4si n2e-si n49) sinecose } / { 8X (n2-singe) 9/2 }

... (3) In the above equations (2) and%3), NAis a nunerical aperture of
the objective lens, X is a wavelength of the |aser beamfromthe |ight

of themis shown in the follow ng equations (2) and (3).
n2t NA3si necose } / {2A (n2-sin2e) 5/2 } ... (2) Wl (A

source, nis the reflective index of the disk substrate,

t

is the thickness

of the 3 Augesm 2004king theskesedst iat e, ragitsapnglenhand bevagdangl e
indicating the tilt of the disk substrate. The material of the disk
substrat e isomégenesasapbhasehdipbrybutbonatadahdsersbepnt| strikdnigndex is

about 1.5. To the | aser beam havi ng t he honobgeneous phase

di stribution,

t he phase dtis¢rsomeennwiihotheéhprédsberbiaad shgilki agdwdthechaoni ko of
direction P and the angle a to the |aser-beam having the honobgeneous
phase' distthduibovne lssexpbessebabynyhehegbahoganédhis phase X IS a

position in the disk radial direction and the orthogonal

coordi nate (Xx,Y)

st andar di zedhi ¢ poivmtigzedandyhatitngappatia® phdsasdisonibheiaperture pl ane

of the objective

generated when they pass through the disk substrate

tilting in positive direction or negative direction, can

be obtained found by a computer.

Note that, the angle and direction of the two laser

beams are matched to the angle and direction of the 0Oth

order diffraction beam and the +-first order diffraction

beams after passing through the diffraction grating in

fhe case that the diffraction grating is mounted on the

optical pickup.

First, the phase distribution of the lasef beam

passing through the tilted disk substrate is defined by

the'equations. The description by polynomial 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 equatiﬁn (1), where x is a position in the disk



lens..Note, the tilt direction Ais O degree in a radial direshfhender x
direction) and 90 degree in a track direction. Wi(x,y) ={2nr (xcosp+ysinp)
sina}/ X ...(4) Under the above conditions, the interference fringes
appeared by the | aser beam having the phase distribution of {W(X,
y)+Wd(x, y)) when X is a certain value and the |aser beamwth the
honbgeneous phase striking the screen ¥ertically, is calculated. Fig. 3 is
a view for explaining the interference fringes cal cul ated under the
conditions of 9=1.0', a=0 . 2', and =90. Note that, NA=O 6, X 650nm
t =0. 6nm nzadixnl rd2mgtioandand 1ar 20BUNSIWB4L 2caprdsnateFrt ieér, a 3
August 2004 -28 ring in Fig. 3 corresponds to an aperture of the objective
| ens. Vi a thimmpizockissed (thatmahiezed) évf eteacepértngesradiusgonsi dbreed t he
bi nary information concerning with tightness and darkness (the ration of
| i ght ness angbridarknesme sofl e avlolj ¢dmeiphoienmmsk i s produced, and the,
grating is produced on the glass substrate using the produced photonask,
t he desired di g@cti)en grating can be obtained. Fig. 4A and 4B are views
of the configuration of the _ :
20W,,x + 20W,,x (x%+y?) + 2n0W x (x%+y?) ®
. (1)
In the abowve equation (1), W,, is a wave front

coefficient for determining the position of the light

spot formed on the optical disk, and since it doesn’t

influence the shape of the light. spot, any wvalue can be

chosen.

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

following equations (2) and (3).
Wy, (A)={ (n?-1) n*tNA%sin6cos6}/ {2\ (n?-sin?0) 52} ... (2)

Wsy (A) ={ (n®-1) n?tNA® (n*+3n2cos?0-5n?sin?0+45in%6-sin‘d)

sinBecos6}/ {8A (n®-sin?g)?/?} ... (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



diffraction grating produced based on the interference fringesu&iloysng n
Fig. 3. Fig. 4Ais atop viewof the diffraction grating 9 and Fig. 4B is
a sectional view showing the diffraction grating 9 sectioned at. line ClIn
the diffraction grating 9, the groove 9B such as undulating is formed on
the glass substrate 9A. The depth of the groove 9B,is determ ned based on
the ratio of the light intensity betwén Oth order diffracti.on beam and
+-- first order diffraction beans. The | aser beam passed through the
diffraction grating 9 produced by the process nentioned above, passing
t hrough t hedigt} e serdtens, andriesis htke titingpmmglenindheabpagchhedi sk.
The Oth order diffraction beamcorresponds to the case that the tilt of
t he opti caltidislofiodsn' disi suhsorets. Allpsta 200ijal 29F ofhe hdiskfirst - order
diffraction beans forns the light spot equivalent to or substantially
equi val ent substtmatadse, tfrat etmnpos) tthe péltcanpemmgte fndsiexist in the
di sk radial direction, and another of the +-first order diffraction beans
forms the |degiltecspiote eigidesal entabbantorl substantially equivalent to the case
that the negative tilting angle (-6) is exist in the disk radial
direction. Fig7Tdb tihe dadeawishoniigride #on fHatdRidasu Hfpides
distribution, the phase distribution Wd of the laser beam
striking with the tilt of direction § and the angle a to
the laser beam having the homogeneocus phase distribution
is expressed by the equation {4), where x is a position
in the disk radial direction and the oithogonal
coordinate (x,y) standardized (normalized) by the
~aperture radius r on the aperture plane of the objective
‘lens. Note, the tilt direction B is 0 degree in a radial
direction {(or x direction) and 80 degree in a track
direction.
Wd (x,y) ={2nr (xcosp+ysinp) sina} /A ()
Undexr the above conditions, the interference fringes
appeared by the laser beam having the phase distribution
of {Wec(x, y)+Wd(xt v)} when A is a certain value and the
laser beam with the homogeneocus phase sﬁriking the screen
vertically, is calculated.
Fig. 3 is a view for explaining the interference
fringes calculated under the cqnditions of 6=1.0°,

«=0.2°, and B=90°. Note that, NA=0.6, A 650mnm, t=0.6mm,

n=1.5, r=2mm, . and W,;=-2W,,/3-W;,/2 are set. Further, a



optical pickup conprising the diffraction grating 9. This optAwgist 200dkup
50 conprises a sem conductor |aser 4, a.collimator lens 5, a diffraction
grating 9, a beamsplitter 3, an object lens 2, a collecting | ens 6,
cylindrical lens 7, a photodetector 8, |lens holders 2H, a focusing
actuator 2F, a tracking actuator 2T, and a center point sensor 12. The
objective, lens 2 is held by the lens h#fders 2H. The focusing actuat or
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 diskigg, izoFifat 3i corraapPeds theasbpperitiae IPEngb2 in the focusing
direction to realize the focus servo. The tracking actuator 2T, based on
the drivingekiigadliveStenstransfers the lens holders 2H in the radial 3
August 2004 -30 direction of the optical disk 80, so that it transfers
t he objective |'éhs Bhéenprobessedi thadi kbet Liokegferrkaceoftriicgesdiisk 80 to
realize the tracking servo. Note that, when the eccentricity of (the
rot at'i on of obhbdepéticahe HiskrgOinfoemnstipnt kentexolinggwathuat or 80
transfers the objective lens 2 in response to the eccentricity in the disk
radi al diretightnbasednandabenease (thevicagishgpdl 1Syktness and

darkness is 1:1) and the photomask is produced, and the

grating is produced on the glass substrate using the

produced photomask, the desired diffraction grating can

be obtained.

Fig. 4A and 4B are views of the COnfigurétion of the
diffraction grating produded based on the interference
fringes shown in Fig. 3. Fig. 4A is a top view of the
diffraction'grating 9 and Fig. 4B is a sectional view
showing the diffraction grating 9 sectioned at line C

In the diffraction grating 9, the groove 9B such as
ﬁndulating is formed on the glass substrate 9A. The depth
of the groove 9B  is determined based on the ratio of the
light intensity between 0th order diffraction beam and +-
first order ﬁiffraction beams,

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

The 0th order diffraction beam corresponds to the

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



The sem conductor laser 4 outputs a linearly polarized | ases hgam foged on
the driving signal SL and provides it for the collimator I ens 5. The
collimator Ilens 5 collimates the | aser beamfrom the sem conductor |aser 4
and provided it for the diffraction grating 9. The. diffraction grating 9
di vides the | aser beamfrom the collimator Iens 5 into the main | aser beam
including Oth order diffraction beam ardr the first and second sub |aser
beans including +--first order diffraction beans and provides these |aser
beams (the main |aser beamand the first and second sub | aser beans) for
t he beam spbkift the 3-fikstheandesplditfifaacdisas feanshfougie tihe | kisgrt beans
fromthe diffraction grating 9 and provides themfor the objective |lens 2.
The obj ecti gpoltersuivedlendctte e sulsdriddatel yf romidafigpisttR00% - 31 t he
beam splitter 3 and provides themfor the track of the optical disk 80
form ng | andasandhert gheoyesitilve tdgttice adicsle 80 isorexmsglitthint hehe rack
gui de grooves are forned, is, for exanple, a conpact disc (CD), a digital
vi deo di sk @D¥ER) radiphasié rekaniga t ywnel eptadtdalr difs KNePB)- £ iared: sordew
Further, the objective lens 2 returns the |aser beans :
diffraction beams forms the light spot equivalent to or
substantially‘equivalent to the case that the negative
tilting angle (-8) is exist in the disk radial
direction.
Fig. 5 is a view showing the configuration of the
optical pickup comprising the diffraction grating 9.
This optical pickup 50 comprises a semiconductor
laser 4, a collimator lens 5, a diffraction grating 9, a
beam splitter 3, an object lens 2, a collecting lens 6,
cylindrical lens 7, a photodetector 8, lens holders 2H, a
focusing actuator 2¥, a tracking actuator 2T, and a
center point sensor 12.
The objective 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 objective

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



reflected at the optical disk 80 to the beamsplitter 3. The Aeqt 34 tter
3, to which the | aser beans fromthe objective |lens 2 are exposed, reflects
and outputs the exposed | aser beans and provides themfor the collecting
lens 6. J The collecting lens 6 collects the |aser beans from the beam
splitter 3 and provides themfor. the cylinder- shaped |ens (cylindrical

l ens) 7. The cylindrical lens 7 nmakes t & | aser beans-fromthe col l ecting
| ens .6 pass through and provides them for the photodetector 8. The

phot odet ector 8 receives the |laser beans fromthe cylindrical lens 7 at

the |ight rcdgiegtigmerd ithe artiqidndadatie $butssutthsiyid stxsmsf|rel, SBu,
SBd, and SC--SF. The center point sensor 12 is a position sensor, by
det ecti ng t R@equipdeiatyivef liehme Poviendiite gradied gqlimadtijorofof tthee change of
the lens holders 2H in the disk radial direction, detects the quantity of
t he nmovenenepdidcaie dd sku@dstta20@aliZR qirenttinackding emhangttof theet,
objective lens 2, and generates the detection signal SR indicating said
det ect ed quahient thef edeentiensyt off (Shied matadritcad offjuaiita topfeddhe change
detected. Fig. 6 is a view showi ng the configuration of the
disk B0 is exist, the tracking actuator 80 transfers the
objecti#e lens 2 in response to the eccentricity in the
disk radial direction based on the same driving signal
Ste.
The semiconductor laser 4 outputs a2 linearly
pelarized laser beam based on the driving signal SL and
provides it for the‘collimator lens 5.
The collimator lens 5 collimates the laser beam from
the semiconductor laser 4 and provided it for the
diffraction grating 9.
The diffraction grating 8 divides the laser beam from
| the collimator lens 5 into the main laser beam including
Oth order diffraction beam and the first and second sub
laser beams including +-first oxrder diffraction beams and
provides these laser beams (the main laser beam and the
first and second sub laser beams} for the beam splitter
3.
The beam splitter 3 passes throﬁgh 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



light receiving portion of the photodetector 8 shown in Fig. HAughiRE2004

phot odet ector.8 conprises a nmain light receiving portion 8SO and the first
and second' sub light receiving portions 8S1 and 8S2. Each of the |ight
receiving portions 8S0--8S2 is divided in the direction in response to’
the track direction of the optical disk 80 and is divided as the push-pul
signals in the disk radial direction ofl-any signals in response to the
push-pull. signals are detectable. The main |light receiving, portion 8S0
Is divided into four of the same or approximtely sanme parts by the two
dividing |i hee B8x) s8IiO@teroSsiang @troviiglts dhgime fand theonprackes>f our

di vi sion areas BAu, 8Ad, 8Bu, BBd. In the mnain light receiving portion 8S0
shown in Fi ghebpptthealneiskl B8GhttospdngVBansist ankgedhygrcddves.efiitect ed | i ght
of) the main | aser beamfromthe cylindrical lens 7. The division area 8Au
gener at es t bptagkputiskgsal, SAuwhirhr eheorseacko gilied igghlovgsanridd y (t he
reflected light quantity) of the main | aser beam provided for the area 3
August 2004fo3Re8AUis, THerdexusple aaeachpdciedesat EDhhe aodigutt=ai gnal SAd

in response to the light quantity of the main | aser beam -provided for the
area 8Ad. video disk (DVD), a phase change type optical disk (PD)
and so on.
Further, the objecé&ve lens 2 returns the laser beams
Qeflected at the optical disk 80 to the beam splitter 3.
The beam splittaﬁ 3, to which thé laser beams from
the objective lens 2 are exposed, reflecﬁs and outputs
the_exposed laser beams and provides the¢ for the

collecting lens 6. -

The collecting lens 6 collects the laser beams from
the beam splittexr 3 and provides-theﬁ for_thé cylinder-
shaped lens (cylindrical lens) 7.

The cylindrical lens 7 makes the laser beams-from the
-collegting lens 6 pass through and provides them for the
rhotodetector 8.

The photodetector B receives the laser beams from the
cylindrical lens 7 at the light receiving portioﬁ and
generates output signals SAu, SAd, SBu, SBd, aﬁd SC-5F,

The center point sensor 12 is a position sensor, by
~de£ecting‘the quantity of the mbvement or the quantity of
the change of the lens holders 2H in the disk radial

direction, detects the quantity of the movement or the



The division area 8Bu generates the output signal SBu in respanast 2@4t he
light quantity of the main | aser beam provided for the area 8Bu. The

di vision area 8Bd generates the output signal SBd in response to the |ight
gquantity of the main | aser beam provided for the area 8Bd. The direction
of the optical axis of the cylindrical lens 7 is at an angle of about 450
or about 135 to the direction of the di¥%iding |ine 8SxO or the dividing
line 8Sy0 of the mamin light receiving. portion 8S0. The dividing |line 8SyO
(or the dividing line 85x0O) of the nmain |ight receiving portion 8S0 for
whi ch t he mamantasgr ofbedum rdfdngst ed dthe v pttiicad sk BO asiprovided is
paral l el or approximately parallel to the track direction of the optical
di sk 80, andedevhdes tthe netedtign sigeed ARG mpRbrddtomBSkidito two of the
sanme or approximtely sanme parts. The cross point of the dividing lines
8Sx0 and 8Sygétekieldn dulad tdeft @f Rk maivarerdthempaiekidedeltedent er part

of the mmin |aser beam passing through the cylindrical Iens 7. 3 August
2004 - 34 Thgushapeyobst kel icBhihgspdetMeder.,med at the main light receiving

portion 8S0 changes diagonally in accordance with the di stance between the
optical disk 80pig. 6 is a view showing the configuration of the

liéht receiving portisn ﬁf the photodetector 8 shown in

Fig. 5.

'The photodetacteor 8 compiises a main light receiving
portiocn 8S0 and the first aﬁd second sub light receiving
portions 881 and 8S52. Fach of the light receiving
éortions 850-8S82 is divided in the direction in response
to the traék direction of the optical disk 80 and is
divided as the push-pull signals in the disk radiai
-direction or any signals'in response to the push-pull.
signals are detectable.

The main light'ﬁeceiving>portion BSO is divided into
four of the same or.approximately same parts by the two
dividing lines 88x0, SSyo-crﬁssing at right angle and
comprises four division areas 8Au,‘8Ad, BBu, 8Bd. In the
main light receiving poition 850 shown in Fig. 6, the
maiy light spot.MS is formed by (the reflected light of)
the main laser beam from the cylindrical lens 7.

The division area BAu generates the ocutput signal SAu

in response to the light quantity (the reflected light

quantity) of the main laser beam provided for the area



and the objective lens 2, so that the focus eccentricity at 8Bheuguet 2ol
disk 80 is detectable.based on the output signals SAu, SAd, SBu, and SBd
generated by the division areas 8Au, 8Ad, 8Bu and 8Bd using the astigmatic
met hod. Note that, the angle defined by the line forned by the centers of
the light-receiving portions 8S0-8S2 and the dividing |ine 8SyO
corresponds to said direction The first3sub |ight receiving portion 8S1 is
divided two of the sane or approximately sane parts by the dividing |ine
8Syl and conprises two division areas 8C, 8D. In the first sub |ight

recei ving p8ation 8S1 showin Fig. 6, the sub light spot SS1 is forned by
(the reflected light of) the first sub | aser beamfromthe cylindrical

| ens 7. The di vitéodieighoBCagenc8aticegehheaaabptihesbgrahtSEignalr &fpbnse to
the light quantity (the reflected Iight quantity) of the sub | aser beam
provi ded fointBespefBe8€o tHBelightsgaanaieg 8P ghrematias lkkerolddad Signal
SDin response to the light quantity (the reflected light quantity) of

t he sub | asgrobeamuproyi 8ed AokatBrdarea 8D. The center part of the first
sub light receiving portion 8Sl is in the center or approxinmately center

of 3 August Zoofheaéivi§§bﬁi£§éa5@@u|Qéﬁérgggg]Eﬁ@sbﬂﬁpﬁﬂrgﬂghahh%Bﬁ
cylindrical lens 7.
in response to the light quantity of the main laser beam
- provided for the area BBu.

The division area 8Bd:generates the output signal Sﬁd
in response to the light quantity of the main laser beam
provided for the area B8Bd.

The directioﬁ of“thg optical axis of the cylindrical
lens 7 is at an angle éf about 45° or about 135° to the
direction of theAdividing line 8Sx0 oﬁ the dividing line
8sy0 of the main light receiving.poition 850. The
dividing line 8Sy0 (or the dividing line 85x0) of the
main l;ght receiving portion 880 for which the.main léser
beam reflected at the oftical disk B0 is provided is
parallel or apﬁroximately parallel to the track direction
of the optical disk 80, and divides the main light
réceiving portion 880 iﬁto two of the same or
approximately Saﬁe parts.

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

of the main laser beam passing through the cylindrical

lens 7.



The second sub |ight receiving portion 8S2 is divided two of 3tAgusieaondor
approxi mately sane parts by the dividing line 8Sy2 and conprises two
division-areas BE, 8F. In the first sub light receiving portion 8Sl. show
in Fig. 6, the sub light spot SS2 is formed by (the reflected |ight of)
the second sub | aser beamfromthe «cylindrical lens 7. The division area
8E generates the output signal SE in ré$ponse to the light quantity (the
reflected light quantity) of the-sub | aser beam provided for the area 8E.
The division area 8F generates the output signal SF in response to the
light quantity (hke sheplecetfedhd dhtghtquanatt #4F) fofrniehle azul:Heaseriheam
provided for the area SF. The center part of the second sub light receiving
portion 8S2 liigshith rcte icdmice oartiappra®d ratiaaige < elitaefonafl 14 hiem second sub
| aser beam passing through the cylindrical lens 7. The dividing |ines
SSyO 8Sy42 akecpdiadldechwidh WRprdbdtmical heiaradd alhecagiticidierdifit 07 is a
view for explaining the arrangement of the |light spots on the recording
side of theaopt ithal ohdiedeiv@ e PecaditiiSitlie Eodie diidialidiiak 80,
the land LA and the groove GR are forned and the groove GR 3 August 2004
-36 forns a kil agle Gptdesdr @Ak 80 is detectable.based on the output
signals SAu, SAd, SBu, and SBd generated by the division
areas 8Au, 8Ad, 8Bu and 8Bd using the astigmatic method.
Note that, the angle defined by the line formed by the
centers of the light-receiving portions 880-8352 and the
dividing iine 8Sy0 corresponds to said direction §.
The first sub light receiving portion 8S1 is divided
two of the same or approximately same parts by the
dividing line 88yl and cdmpriseé two division areas 8C,
-8D. In the first sub light receiving portion 8Sl show in
. Fig. 6, the sub light spot SS1 is 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 for the area 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



On the recording side of the optical disk 80, the main |ight spakt M84by
the main | aser beam having a large quantity of light and the first and
second sub light spots Li and L2 by the first and second sub | aser beam
having a small quantity of light are formed. The first sub light spot L1
conprises the spot L10 corresponding to the mainrobe and the spot Li
corresponding to the siderobe. The secohd sub |ight spot L2 conprises the
spot L20. corresponding to the mainrobe and the spot L21 corresponding to
the siderobe. The main | aser beamis reflected at the main |ight spot MB
and provi dedhkofitrké smbnlkisght beeme paissd nap dhtriomghl Sheofcytilliadatictaddet ect or
8. The first sub |aser beamis reflected at the first sub |ight spot L1,
and provi detleher 7the first sub light receiving portion 851. of the

phot odet ector 8. The center of the sub | aser beamreflected at the spot LI
IS in the centgheOBeappdOxiballebittcenteivihgt berftibat 88@b ilsi glitvidestei vi ng
portion 8Sl. The second sub | aser beamis reflected at the second sub

li ght spot kRoang prhavidad Her abpeoxeearelgulakmiegptrtse®g Wheg portion 8S2
of the photodetector 8. The center of the sub |aser beamreflected at the
spot L2 is jiviRend AYHHSBs¢004nd3éomprises two division areas 8E,

8F. In the first sub light receiving portion 851 show in

Fig. 6, the sub light spot 882 is formed by (the

reflected light of) the second sub laser beam from the

cylindrical lens 7.

The divisidn area B8E generates the output signal SE
in response to the light quantity (the reflected light
quantityj 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 reflected light
quantity) of the sub laser beam provided for the arxea 8F.

The éentei part of the second sub light receiviné
portion 882 is in the center or approximately  center of
the second sub laser beam passihg through the cylindrica;-
lens 7. The dividing lines B8S8Sy0-8Sy42 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 optiecal
disk.

On the recording side of the optical disk 80, the

land LA and the groove GR are formed and the groove GR



center or approximately center of the second sub |ight recei3vAugGspROO4 on

- 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 Iines SSyO 8Sy2. The position of two of the sub
i ght spots L1 and L2 on the recording surface of the optical disk 80 are,
preferably, when the.main |ight spot M#is on the track- (for. exanple,
when the center part of the main light spot MBis in the center part of
the track), at the position that when one of the push-pull signals (SC SD,
SE-SF) is fhempari kusrkabuédeageriee-of the .push-pull signals becones the
m ni mum val ue. The di stances fromthe main |ight spot MBto two of the' sub
| i ght. spots LiQanth&2rencrHéngoptideakbfdithle 8ptacal sidmk &% ddteer mi ned by
t he angle a nentioned above. Further,, when the two sub |ight spots Li and
L2 are at mhgnddsghedsposi MBoby, thieemdiinediiser beafmotmadrgs a tlmrghase

di stribution, which are equal to or approximtely equal to the phase

di stributi ogugapetgt ed lighthantweheulfilrisghtanspeesocbd swb DZdhtthe tilt of
the disk substrate in the disk radial direction, are given. Nanely, the

di stances Ddgotsonit hgdcent By paet f@.fr.‘sH:h&ndﬁ&leﬂ:ohlcighﬁﬂaspﬁtsd‘nBﬁehm he center
parts of the two sub 3 August 2004

having a small quantity of light are formed.

The first sub light spot Ll comprises the sﬁot 10
corresponding to the mainrobe.and the spot L1l
corresponding to the siderobe.

The second-sub light epot L2 compfisee the spot L20
corresponding to the mainrobe and the spot L21
correspcndlng to the siderocbe.

The main laser beam is reflected at the main light
spot.MB‘and provided for the main light receiving
portion 880 ef the photodeﬁector B.

The first sub laser beam is reflected at the first
sub light spot L1 and provided for the first sub light
receiving portion 8S1 of the photodetector 8. The center
of the sub laser beam reflected at the spet Ll is in the
center or approximately center of the first sub light
receiving porticn 8Sl.

The second sub laser beam is reflected at the second
sub light spot L2 and provided for the second sub light
receiving portion 8S2 of the photodetector 8. The center

of the sub laser beam reflected at the spot L2 is in the



_38 light spots L1 and L2 in the disk radial direction is eRM@sserdo4n the
next equation (5) by using the pitch Tp of the grooves GR (or the track
pitch) and an integer n of 0 or nore. D12 = (n/ 2 + 1/ 4) Tp ... (5
Especially, in the case the | and groove configuration whose ratio of the
wi dth of the land LA and groove GRis 1:1, the center parts of the
sub-light spots L1 and L2 are arranged3at the boundary or the
approxi mately boundary between the |and LA and the groove GR The tilt
error signal TS indicating the tilt of the optical disk 80 can be obtained
fromthe supefBBi+BE2pppioxtihetpdyhcpultersiogndhs RRL:ceydd sRRP lghgtdi ned from
the output signals of the first and second sub light receiving part 8S2,
8S2 shown i pekkdvibg pbetpushgpal.l signal of first sub | aser-beamis
PP1- SC- SD, the push-pull signal of the second sub | aser beamis PP2=SE- SF,
and the tiltingTrer dighikgpakbeigiagppestednbBSoha@seextt efeati on (6). TS =
(SCG-SD) + (SE-SF) PP1 + PP2 Note that, the push-pull signal PPO obtained
fromthe ophptibdsigb@broB hheemthe kgl gheatiivnNghiah icah 880dcts
PPO=SAu+SAd- SBu- SBd and useabl e as the tracking error signal TE.

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_disklao are,
preferably, when the main light spot MB is on the track-
(for example, when the center part of the main light spot
MB is in the center part of the track), at the position
fhat when one of the push-pull signals (SC-SD, SE-~SF) is
the maximum wvalue, another of the push-pull sigpals’ |
becomes the minimum value.

The distances from-the main light spoﬁ MB to two of
the sub iight.spots Ll and L2 on the optical disk 80 are
same and determiﬁed by the anglé o mentioned above.

Further, when the two sub light spots L1 and L2 are
at the desired positions, the direction B is formed as
the phase distribution, which are equal to or
approximately equal to the phase distribution generated
to the two sub light spots L1 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



3 August 2004 39 Fig. 8 is a view for explaining the rel at i3okuadvisp2004
between the tilt error signal TS and the tilting angle. Here, the val ues of
each paraneters 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 becones 0 when the
tilting angle in the disk radial directionis 0 and has a typical
linearity. Further its signis inverse#fin response to the sign of the
tilting angle and desired characteristics are obtained. Fig. 9 is a view
for explaining the relationships between the tilt error signal TS and the
tilting angleéghh sphéschiesnthdt dackhrgdaskoradindt difgetimak ist ate) and
non-exi sts (on track state). The black circles indicate the case the
quantity ofexphesdetir ankthe BexFhegbhadknt (banglressindi cheeptitehcdge t he
gquantity of the.detrack is 10% and the case the tracking error of about
10% of the stzehefgtheveabGRi ght $pet toechr pitth¢ bhdcknsqodeged mdi cate
the case the quantity of the detrack is -10% and the case the tracking
error of abpud o%Ofesé&.the size of the sub Iight spot occurs. As shown in
Fig. 9, Inthe tilt error signal TS, when the 10% of detrack occurs, .the
tilting angle imithe ghsk 2radia) djregti on.chapges about 0.05, the ratio
of the

Especially, in the case the land groove configuration

whose ratic of the width of the land LA and groove GR is
1:1, the'center parts ofrthe sub-liéht spoté L1l and L2
are arranged at the boundary or the approximately
boundary between the land LA and the grdove GR.

Thé tilt exrror signal TS indicating the tilt of the
optiéé; disk 80 c¢an be cbtained f£from the sum (PPl%PP2) of
the pﬁsh—puli signals PPl and PP2 obtained from the
output signals of the first and second sub light
receiving part 882, 882 shown in Fig. 6.

- The push—pull signal of first sub laser beam is
?P1=SC—SD, the push-pull signal of the second sﬁb laser
beam is PP2=SE-SF, and the tilting error signal is
expressed by éhe next equation (6).

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

il

PPl + PP2 ... (6)

Note that, the push-pull signal PPO0 obtained from the
output signal of the main light receiving portion 8BS0 is
PPO=SAu+SAd-SBu~SBd and useable as the tracking error

signal TE.



change is small, and the desired characteristic is 3 August 200duus?$004
obtained. Fig. 10 is a block diagram show ng the configuration of an
enbodi ment of the optical disk apparatus conprising the optical pickup
shown in Fig. 5. This optical disk apparatus 90 conprises a notor 30, a
notor driving circuit 35, atilt correcting portion 36, a conpensation
circuit 40, an anplifier 42, an optical-39-pi ckup 50, an anplifier (head
anplifier) 52, a laser driving circuit 55, a signal generation circuit 60,
an information detection circuit 65, a tilt detection circuit 66, and a
control circuitrig. Fhis epitiesl fdirslkxpappaviaiguh) dedptaducasiy he
recording information recorded on the optical disk 80. Further, the

optical di skeappanatls 991€0BRIoICSighall M ARl etid Gl wpparaigise 95. This
tilt detection apparatus 95 conprises the conpensation circuit 40,

anplifier 42, therepttaal vALekEpoF0eabhe papiridicts Ske Uibe lwaRy driving
circuit 55, the S|gnal generation «circuit 60, the information detection

circuit 65, gkheqsti|fiadet gCt holoEhGUitk00GmmARgidl A@=00M &0l circuit 70. The
control.circuit 70"i's a controller engaged in the controlling the whol e of

the optical disk appalatys 895.a8d ikhel ¥das HorO@MR8 ™ Hddpamputer.
0 when the tiltieg angle in the disk radial direction is
0° and has a typical linearity. Further its sign is
inversed in‘response to the sign of the tilting angle and
desired characteristics are obtained.

Fig. 9 is a view for explaining the 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 quantity of
the detrack is 0.

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

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. 2, 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



This control circuit 70 controls the notor 30, the notor dri3vAugiseigogui t
35, the laser driving circuit 55, 3 August 2004 -41 the optical pickup 50,
the conpensation circuit 40, the information detection circuit 65, the
tilt detection circuit 66 and so on. The optical pickup 50 exposes the
| aser beam LB to the reproducing point of the optical disk 80 when
reproduci ng. The laser driving circuit 8% generates a driving signal SL
under. the control of the control circuit 70 and drives the sem conductor
| aser 4 in the optical pickup 50 by the driving signal to nmake the
sem conduct @btagiserd .4 expose the | aser beam LB. The notor 30 is, for
exanple, a spindle notor and rotates the optical disk 80 at the
predet erm ned r Gtiat.i AP viel aciblyckTiisgmetmorsiROvingt dihes adrf iaptrationi sk 80
,for exanp.le, as the linear velocity becones constant. speed. The notor
driving Cir efi tan3emoadimted tdfe'thdr iogitngralpalierk fappartetuwtamBii s ongri ve
the motor 30. This nmotor driving circuit 35 may controls the rotation of
the motor ¥pebppiie RVWildRts ehdhkai LoViedig .atd.on) control and may controls

it by the PLL (Phase Locked Loop) control. The anplifier 52 anplifies each

of the output sirghal $ptical disk apparatus 90 comprises a motor 30,
a moﬁor driving circuit 35, a tilt correcting portion 3§,
a éompensation'circuit 40, an amplifier 42, an optical
pickup 50, an amplifier (head amplifier) 52, a laser
driving circuit 55,.a signal generation circuit 60, an
information detection circuit €5, a tilt'detection
circuit 66, and a control circuit 70. This optical disk
apparatﬁs 90 reproduces the recording information
recordéd cn 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 amplifier 52,
the laser driving circuit 55, the signalrgeneration
circuit 60, the information detection circuit 65, the
tilt detection circuit 66, and the controel circuit 70.
The control circuit 70 is a controller engaged in the

controlling‘the whoie 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,



SAu, SAd, SBu and SC-SF fromthe light receiving portions off Adpst 2004
phot odet ector 8 conprised the optical pickup 50 to provide themfor the
signal generation circuit 60. 3 August 2004 -42 The signal generation
circuit 60 generates a reproducing signal RFOin response to the quantity
of the reflected beamof the main | aser beam the push-pull signals PPl
and PP2 of the first and second sub | asél beans, the focus error signal
FE, and the tracking error signal TE based on the anplified output signals
SAu, SAd, SBu, SBd, and SC-SF fromthe anplifier 52. The signal generation
circuit 60.thenepiieslt Rdckapr SQucithe SOTRENSRED:=SAFFSAGHIBU+IRD based
on the sumof the output signals SAu, SAd, SBu, and SBd fromthe anplifier
52. Furtherinfprgatarat deterdipns ripguil tsifgnalthrprilssdetesyidsased on t he
di fferences of the output signals SC and SD fromthe anmplifier 52.
Furt her, itcgeneist €6 ahd pesknpul | signal PPl (=SE-- SF) based on the
differences of the output signals SE and SF fromthe anplifier 52.
Furt her, the siThel ogéhendt porkopr &di xBOsgendhat dsisarhbeagcd® @19 or si gnal
FE (=SAu+SBd- SAd-SBu) by the astigmatic nmethod, for exanple, based on the
di fference thé t&produplihgspgialts oFAitheSAgtiSRI, dimsk 8Bd whert he ‘
reproducing.
The laser driving circuit 55 generates a driving
signal SL undexr. the control of the control circuit 70 and
drives the semiconductor laser 4 in the optical pickup 50
by the driving signal to méke the semiconductor laser 4
expose the laser beam LB.
The motor 30 is, for example, a spindle motor and
rotates the optical disk 80 at the predetermined rotation
velocity. This motor 30 rotates the optical disk 80
,for example, as the linear velocity becomes constant.
speead.
The motor driviné'circuit 35 provides the driving
power 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 Locked Loop) control.
The amplifier 52 amplifies each of the 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.



di agonal direction. Note that, the signal generation circuit 368ugenztdt es
the push-pull signal PPO (=SAu+SAd-SBd-SBu) of the main | aser beam and
makes the push-pull signal PPO the 3 August 2004 -43 tracking error signal
TE. the conpensation circuit 40 conpensates the focus error signal FE and
the tracking error signal TE (the phasg%conpensation and/ or the frequency
conpensation) to generate a conpensation signal and provided the
conpensation signal for the anplifier 42. The anplifier 42 anplifies the
conpensation signal of the focus error signal FE to generates the driving
signal Sfe and™prosid@esdli generatpens sausrA§ &0 gCGF2I®S @ the optical
pi ckup 50. Further, the anplifier 42 anplifies the conpensation signal of
t he tracki ngeRre@rcsngnaigTelt BFfehdr ZESPONIFE tor ithien gusindridly Sife @il
provides it for the tracking actuator 2T in the optical pickup 50. The tilt
det ecti on creflpeted Hemmces the wmair dpsefebegm.t ithg avFheryded on the
sum of the push-pull signals PPl and PP2. Concretely, it generates a tilt
error signa$igi&l¢=PP1+RPA) PE8r pEspbrdifAgstto anke seidondamgite dsased -on  the
sum of the push-pull signals PP1 and PP2 and it provides the tilt error
signal TS floeathse tbat fobtusi ecubt signal FE, and the tracking error

signal 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

reproducing signal RF0 {=SAu+SAd+SBu+SBd) based on the

sumlof the ocutput signals SAu, SAd, SBu; and SBd from the

amplifier 52.

Further, 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-
S?) based on the differences of the output signals SE and
SF from the amplifier 52.

Further,.the gignal generation circuit 60 generates
the focus error signal FE (=SAu+SBd—$Ad-SBu) by the
astigmatic method, for example,-based on the difference
éf the output signals SBu, SAd, SBu, and SBd in the
diagonal direction.

Note that, the signal generation circuit 60 generates
the push~pull signal PPO (=SAu+SAd-SBd-SBu) of the main

laser beam and makes the push-pull signal PPO the



70. The information detection circuit 65 is provided the repriausi 294
signal RFO fromthe signal generation circuit 60, carries out the
denodul ati on of the reproducing signal RFO and so on, and outputs the
reproduced 3 August 2004 -44 recording information as an out put signal So.
Further, the information detection'circpyit 65 detects an address of the
optical disk 80 fromthe reproducing si‘gnal RFO and reproduces the
recording information based on the address. The control circuit 70
generates a cross track signal _CI.(=PPl-PP2) based on the push-pul
signal s PP1tramipperapl 8iFRetsTHhet her the position of the |ight spot of
the main |aser beamis on the track or not based on the si%nal CT. The
cross track si g EIPeNFRFRPReBITFBLE &RaAPFREDAAERSt KBSl FGRESspot cross
the track as seeking. The tilt correcting portion 38 corrects the tilt of
t he opticale¥rek SoynsbrFBxang| shet heaebhngoPTEPFcHLoN?2d TEordthsi s the tilt
correcting portion 36 based on the tilt error signal TS by the close |oop
control . Theha$¢tcompersetioy podlPontBe- Eseauensyt hempensagagay - tive
control of the control circuit 70 so that the tilt error signal TS
becones 0. femprdieis cohpenmszhirt shonphganfepdevadedotheet hod

| compensation signal for the amplifier 42.

The amplifier 42 amplifies the compensation signal of
the focus errxor signal FE to generates the driving signal

- Sfe and provides it for the focusing actuator 2F in the
optical pickup 50.

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

The tilt detection circuit 66 detects the tilt or the

'tiiting angle based on the sum of the push-pull signals
PPl and PP2. Concretely,.ié genefates a tilt 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 provided the
reproducing signal RF0 from the signal generation circuit

60, carries out the demodulation of the reproducing

signal RFQ and so on, and outputs the reproduced



for detecting the tilt in the radial direction of the optic8lAuiust2®ad in
the tilt detection apparatus 95 of the optical disk apparatus 90. First,
in the step S111, the diffraction grating 9 of the optical pickup 50
diffracts the | aser beamfromthe sem conductor |aser 4 to generate the
mai n | aser beam 3 August 2004 -45 including the Oth order diffracti on beam
and first and second sub | aser beans e4th including +-first diffraction
beans. The first ane second sub | aser beans have a phase 'distribution
equal to or substantially equal to the phase distribution due to the wave
front aber r atticordjene iatfedmadiiarh@so@n caltrditsleigmadhée t he optical di sk 80
iIs titted. These | aser beans ( the main | aser beamand the first and
second sub | aserFureaes) itheprioficdedtion dedestijicet ioigrclidn$3 deduwitry -
t hrough the beamsplitter 3. In the step S112, the objective lens 2
col | ects | agar aderans (dfthehmaioptiasdr diedm8indddre the stepanvdissoend sub
| aser- beans) fromthe diffraction grating 9 to provide themto the optical
disk 80 to expese WD laserdpeaduods thke reaidrelingiisi€ Gfha thher dysnd i ve
lens2 collects the main |aser beamto expose the track of the optical
disk 80. " on the address.
The control cirauit 70 generates a cross track signal
CT (=FP1-PP2) based on the 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 ¢T. The cross track signal CT is referred, for
example, when the light spot cross the track as seeking.
The tilt correcting portion 36 corrects the tilt of
the optical disk BO.'For example, the control circuit 70
controls the tilt correcting portion 36 based on the tilt
error signal TS by the close loop control. The tilt
correcting portion 36 corrects the tilt under the control
of the contreol circuit 70 so that the tilt error signal
TS becomes 0.
Fig. 11 is a flow-chart showing the detection method
for detecting the tilt in the radial direction of the
optical disk 80 in the tilt detection apparatus 895 of the
optical disk apparatus 90.
First, in the step 8111, the diffraction grating 9 of
the optical pickup 50 diffracts the laser beam from the

semiconductor laser 4 to generate the main laser beam



The main | aser beamcoll ected by the objective lens2 are reBligustE t he
optical disk 80, passes through the objective lens 2 again, and are
provi ded the photodetector 8 passing through the beamsplitter 3, the

col l ecting

phot odet ector 8 receives the main |aser beamand the first and second

lens 6, and the cylindrical lens 7. In the step S113, the

| aser beam 3 August 2004 -46 refl ected 8 the optical disk 80 at the |ight

recei ving

portions BSO SS2 to generate the output signals SAu, SAd,

SBd, and SC-SF. Theses output signals are grovided for the signal

generation

S114, the signal

isieludingOthe 0 theondpri digfrae

i n responseasarndesulubmtet yoesms hearhf Loeludingi h-Fasetr Bédfrackéon

push- pul

signals PP1 and PP2 of the first and second sub | aser beans
based on t lke=aou put signals SAu, SAd, SBu, SBd, and SC-SF. Note that,

SBu,

a8 hapri prdrfisgst PRdtihe step
generation circuit 60 generates the reproducing-signal RF

t he

reproducing signal RFOis provided for the information detection circuit
r ectired i fligr s nf oneraseoond sselkkt taseedbeamst havet appBass, the tilt
detection circuit 66 detects the tilt or the tilting angle of the optical

65 and the

di sk 80 basietkmibitizos wanedlthe pusbubstansighdi segphlahd PR2 pbhsehe

first and second sub | aser beans. Concretely,

distribution due to the wave front aberration generated
on the optical disk 80 when the opticél disk 80 i;
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 Sli2, the objective lens 2 coilects laser
béams (the main laser beam and the first and second sub
laser beams) from thé diffraction grating 9 to provide
them to the optical disk 80 to expose the lasexr beams on
tﬁe'optical disk 80. The objective lens2 colleéts the
ﬁain laser beam to expose the.traék 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
photodetectof 8 passing through the beam splitter 3, the
collecting lens 6, and tﬁe cylindrical lens 7.‘

In the step S113, the photodetector 8 receives the

main laser beam and the first and second laser beam



based on the sum of the push-pull signals PPl and PP2, it génergstex00the
tilt error signal TS (=PP1+PP2) in response to the tilting angle of the
optical disk 80. The nethod for detecting the tilt of the optical disk as
nmentioned above is effective when the eccentricity of the optical disk is
smal | . \Wen the eccentricity of the optlcal disk is large, the objective
lens2 is transferred in the di sk radi a3 August 2004 -47 direction in
response to the eccentricity, the light spot on the light receiving
portion is noved, and the offset occurs on the tilt error signal TS in
response tGrﬁfk&cb%@emtrt@¢t§?t$@$lt@esﬁb69eate§§@nllgbtl§e§ﬁéWéP@ble to
renmove the offset due to the eccentricity fromthe tilt error signal TS
To renove tiwerioidset83Ue83d thegeneentei theyontputt Régnalist Sy, o524 gnal
TS, another diffraction grating is added to the.optical pickup 50. And
predet er m rgRh, ofixd atawmd $6-8Er rTeesest cutpng shendiéf raet Porvicads
generated by the added diffraction grating. Fig. 12 is a-view of the
confi gur at ifr ofhd hei@pdl cadneiakign S5¢ifoniredéByvaddithg hiwpldiffifract i on
grating 11 to the optical pickup 50. Further, in the optical pickup 51
shown in Fi gaedd®, amplifier) 52. :

In the step 8114, the signal generation circuit 60
generates the reproducing signal RF in response to the
cquantity of the reflected main laser beam, the push-pull
signals PPl and PP2 of the first and second sub laser
beams based on the output signals SAu, SAd, SBu, SBd, and
SC-SF. Note that, the reproducing signal RFO is provided
fér the information detection circuit 65 and the
redording information is extracted.

In the step S115, the tilt detection circuit 66
 detects 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 (=PP1+PP2) in response
to the tilting angle of the optical disk 80.

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

When the eccentricity of the optical disk is large,

the objéctive lens2 is transferred in the disk radial



the sane portions as the optical pickup 50 shown'in Fig. 53akegugi ¥ t he

sane references and the explanation of themare suitably omtted. This

opti cal

obj ect

18, lens holders 2H, a focusing actuatd¥" 2F and a t racki ng actuator
August 2004 -48 The sem conductor |aser 4 outputs a linearly polari
| aser beam based on the driving signal SL and provides it_for the

col | i mat or dgFRCBLOTHER e FPIRIDr EP eFle SeeerP FRHBEERYEY t hEbe adefhbeaRPEr om
the sem conductor |aser 4 and provided it for the diffraction grati

The dif fract orhgyrkidhiy Leerivirg RPoetier ks peavedr owmdt HeecofEFREt or | ens

pi ckup 51 conprises a sem conductor |laser 4, a collimator |ens 5,
a diffraction grating 9, a diffraction grating 11, a beamsplitter 3, an
lens 2, a collecting lens 6, cylindrical lens 7, a photodete

ctor
2T. .
zed

ng 9.

5 into the main | aser beamincluding Oth order diffraction beamand the
first and sexoms sub theskklpearmed neigrhglS-1i1 | resrorger tdi theaction
beans and provides these |aser beans (the nain | aser beam and the
and second sderdtasieriteans) for the diffraction grating 11. The

diffraction grating 11 conpri ses,

strai ght and p@a=t |tHe gilspxesreason, it is preferable to remove the

cffset due to the eccentricity from the tilt error signal
TS.

To remove the offset due to thé ecggntricity 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 diffraction grating.

first

for exanple, a glass substrate on which

Fig. 12 is a view of the configu;étion of the optical

ﬁickuﬁ 51 formed Ey adding the diffraction grating 11 to
ﬁﬁe optical pickup 50.

Further, in the optical ?ickﬁp 51 shown in Fig. 12,
the saﬁe poxrtions as the optieai 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 collimator lens 5, a diffraction grating 9, a
diffraction gratiﬁg 11, a beam splitter 3, an object leans
2, a collecting lens 6, cylindrical lens 7, a

prhotodetector 18, lens holders 2H, a focusing actuator 2F

and a tracking actuator 2T.

3



are forned and diffracts the | aser beans fromthe diffracti driiuguati(dg 9.
And then, it generates Oth order diffraction beamand +-first order
diffraction beanms of each of the | aser beans to provide them for the beam
splatter 3. Concretely, the diffraction grating 11 generates a main |aser
diffraction beamwhich is a Oth order diffraction beamof the main |aser
beam fromthe diffraction grating 9 at& third and forth sub | aser
diffraction beans which are +-first order diffraction 3 August 2004 -49
beans of the main |aser beam Further, the diffraction grating 11 generates
a first sub | e stinfifqenddichehdanathi£rutputota inkarlyli ffracti on beam
of the first sub laser beamfromthe diffraction grating 9 and +-first
di ffracti opdicanszaaf ladwr fhgmt Isadrd agertipeainiWng hetgnaheSHidfidacti on
grating 11 generates a second sub laser diffraction beamwhich is a Qh
order dif fozactiides besamcf tthwe «eEComhtsub lasers beam fromthe diffraction
grating 9 and +-first diffraction beans of the second sub | aser beam
Further, the |img dolldrgitddres.eofs theot-fintstes difd riactdorbdeantratl t he
first and second sub | aser beans are as snmall as to ignore themin
conpari son e BediRonductor laser 4 and provided it for the

diffraction grating 9.

The diffraction grating 9 divides the laser beam from

the collimator lens 5 into the main laser beam including

0th order diffractioh beam and the first and second sub

laser beams including +-first order diffraction beams and

provides these laser beams (the main laser beam apd the

first and second sub laser beams) for thé diffracﬁion

grating 11.

The diffraction grating 11 comprises; for example, a

glass substrate on which straight and parallel grooves

are formed and diffracts the laser beams from the

diffraction grating 9. And then, it generates 0th order

diffraction beam and +-first order diffraction beams of

each of the laser beams to provide them for the beam

splitter 3.

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

diffraction beams which are +-~first order diffraction



main | aser diffraction beamand the third and forth sub | asérAuukf208dti on
beans. The beamsplitter 3 passes through the |aser beans fromthe
diffraction grating 9 and 11 and provides them for the objective |lens 2.
The objective lens 2 collects the | aser beans from the beamsplitter 3 and
provides themfor the optical disk 80 fornmed | ands and/ or grooves.
Further, the objective lens 2 returns t4fe | aser beams reflected at the
optical disk 80 to the beamsplitter 3. The beamsplitter 3, to which the
| aser beans from 3 August 2004 - 50 the objective |lens 2 are exposed,
refl ects arkeang pef sthe Heatxpbaedr| As@P- beans and provides themfor the
collecting lens 6. The-collecting lens 6 collects the |aser beanms from
t he beam splittRurthemd Provdidtfranbhed ograhingylindererahaped Fanst
(cyli-ndrical lens) 7. The cylindrical lens 7 passes through the |aser beans
fromthe codulectaswr |@&iEfBachihon presmdekitchensf ar Otheorghuot odet ect or 18.
The phot odetector 18 receives the | aser beans (the mnmain |laser diffraction
beam and t htififrattian floedh sfibthé afersti ftbatésen beamsirbmomhehe
cylindrical lens 7 at the light receiving portion and generates out put
signal s diffraction grating 9 and +-first diffraction beams of
the first sub laser beam.
' Further, the diffraction grating 11 generates a
second sub laser diffraction beam which is a Oth order
diffraction beam of the second sub laser beam from the
diffraction grating 9 and +-first diffraction beams of
the second sub laser beam.
Further, the light intensities of the +-first
diffraction beams of the first and éecond sub laser'beams
are as small as to ignore them in comparison with the
main laser diffraction beam and the third and forth sub
laSer diffraction beams.
The beam splitter 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



SAu, SAd, SBu, SBd, and SC-SJ. Fig. 13 is a view show ng the3choudusg2(tdt i on
of the 1light receiving portion of the photodetector 18 shown-in Fig. 12.
The photodetector 18 conprises a main |light receiving portion 8S0 and the
first. and forth sub light receiving portions BS1-8S4. Each of the |ight
receiving portions 8S0--854 is divided in the direction in response to
the track direction of the optical disR 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 receiving portion 8S0 is divided
into 3 Augldte 260ectBrve danofl tare sresRd apmbieeins cnd sewerphsts by the
two division |ines 85x0O, 8SyO crossing at right angle and conprises four
di vi si on artdas e se@giAd asgBu bBE: dnd tirevires themtfercehsing portion 8S0
shown in Fig. 13, . the main light spot M5is forned by (the reflected |ight
of ) the naiodleaddmighdamsf fom the cylindrical lens 7. The division area 8Au
generates the output signal SAu in response to the |ight quantity (the
refl ected |i ghtthequaitlieiyt)ingf licmes rfaicvllasdrs Hdem lproan deshdorftde ar ea
8Au. The division area 8Ad generates the output signal SAd in response to
the |ight ahenbiebyn eblifttarmin dmbeirdidalds 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 diffraction beam and the first to forth sub
laser diffradtion beams) from the cylindrical lens 7 at
the light receiving portion and generates output signals
SAu, Sad, SBu, SBd, and SC-SJ.

"Fig. 13 is a view showing the configuration of the
light ieceiving portion of the photodetéctor 18 shown in
Fig. 12,

The photodetector 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
850-8S4 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 receiving portion 8S0 is divided into



provi ded for the area BAd. The division area SBu generates tBeAugusiii04
signal SBu in response to the light quantity of the nmain | aser beam
provi ded for the area 8Bu. The division area 8Bd generates the output
signal SBd in response to the light quantity of the main | aser beam
provided for the area 8Bd. The directiqgn of the optical axis of the
cylindrical lens 7 is at an angl e of Rbout 45 or about 135 to the
direction of the division line 85O or the division line 8SyO of the main
i ght receiving portion 8S0. The division |line 8SyO (or. the division |ine
8Sx0) of tH@urmgh theyHtane @F VIRREFHINE ohl B PP Y hePfaFRCel aser 3
August 2004 -52 diffraction beamreflected at the optical disk 80 is :
provi ded i stipdrsiidrelligresapbitiki nited errgHinelat Fidet a8akk ¥dection of
the optical disk 80, and divides the nmain |light receiving portion 8S0 into
two of the sapricres dpproxdinision rrad AL, B FWss PNt TBf tRAe
division lines 8SxO and 8SyOis in the center part or in the
appr oxi mat elaircdhitgirt paadeiwing heomtion |83k rshbbvd rietFion. bedm Passin ¢
through the cylindrical Ilens 7. The shape of the |ight spot MS formed at
the main Imaght Iriegei \\prgt B tinf @3 Hangbshali mgbhed tgd | hight 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 the main laser beam provided for the area

BAu.

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

provided for the area B8Ad.

The division area 8Bu generafes therutput signal SBu
in response to the iight quantity of the main laser beam
provided for the area 8Bu.

The division area 8Bd generates the ocutput signal SBd
in response.to the light quantity of the main laser beanm
provided for the area 8Bd.

The‘direction cf the optiéal 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 pqrtion BSOT The
division line 8Sy0 (or the division line 8S5Sx0) of the

main light receiving portion 8S0 for which the main laser



accordance wth the di stance between the optical disk 80 and Adpasidij0dcti ve
lens 2, so that the focus eccentricity at the optical disk 80 is detectable
based on the output signals SAu, SAd, SBu,.and SBd generated by the
division areas 8Au, 8Ad, 8Bu and 8Bd using the astigmatic nethod.
Note that, the angle defined and the division line 8SyO corresponds to
said direction The first sub light rec@fving portion 8S1 is divided two of
the sane or approxinately sane parts by the division Iine 8Syl and
conprises two division areas 8C, 8D. In the first sub |ight receiving
portion 8SHidfowetien Eegm refldntadiny itgm opoicaasidigk {9 el by t he
first sub laser diffraction beamfromthe cylindrical lens 7. 3 August
2004 -53 Theodiivesi dr Freal8C lgenerapmesrivamitypwazdighal 18C the response
to the light quantity (the reflected Iight quantity) of the sub |aser
di ffracti ofredmdpredides foiff theherariemI8Eishe Ui arsd ot exdes 8Ehegener at es
the. output ™ signal SD in response to the light quantity (the .reflected
| i ght quaniniatiyy) ldfrhithe el viiase ookt Hiforacdd Onin e dmorali el dame tdwe ar ea
SD. The center part of the first sub light receiving portion 8Sl is in the
center or appkexiflitely Gamkehafts.the first sub laser diffraction beam
passi ng through the <cylindrical lens 7.
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 beam passing through the
cylindrical lens 7.
The shape of the light spot MS formed at the main
light recéiving portion 8S0 changes diagonally in
accordance with the distance between the optical disk 80
and the objecti%e lens 2, so that the focus eccentricity
at the oéﬁical disk 80 is detectable based on the output
signals SAu,rsAd, SBu, .and SBd generated by the division
areas 8Au, 8Ad, 8Bu and 8Bd using the astigmatic method.
Note that, the angle defined by the line formed by the
light receiving portions 8S50-8S82 and the division line
‘BSyO corresponds to said direction B,
The first sub light receiving portion 851 is divided
two of the same or approximately same parts by the
division line 8Syl and comprises two division areas 8C,
BD. In the first sub light receiving portion BS1l shown in
Fig. 13, the sub light spot SS1 is formed by the first

siub laser diffraction beam from the cylindrical lens 7.



The second sub |ight receiving portion 8.S2 is divided twoofd ArgustZifd or
approximately same parts by the division |ine 8Sy2 and conprises two '
division areas BE, 8F. In the second sub light receiving portion 8S2 show
in Fig. 13, the sub light spot SS2 is forned by (the reflected |ight of)
t he second sub | aser diffraction. beam _fromthe cylindrical lens 7. The
di vi sion area 8E generates the output §$bnal SE in response to the |ight
quantity (the reflected light quantity) of the sub laser diffraction beam
provided for the area BE. The division area 8F generates the output
signal SF in reSpondevisieneareghBCoganeratest hee peEPBEL 84IRREhECquantity)
of the sub |aser diffraction beamprovided for the area 8F. 3 August 2004
-54 The centRrrpapendt thetlecbhghsugupnghtyr debpvraglecpsodt LeahgsS2 is in
the center or approximately center of the second sub laser diffraction beam
passi ng t hrowghtie) e§l| Fhdrfehl 1reas FifThacthppdbsad prghidedcdiow ng
portion 8S3 is divided two of the sanme or approxinately sane parts by the
di vision | itke88ysa @d Toapdivésicnoadesi 8P ogenerate8Gthe8putpntt he third
sub light receiving-portion 853 showin Fig..13, +the sub light spot SS3
is formed byigqudk SPeihecésponsghtoothetheghhi gqdastbtiadehedi ffracti on beam
reflected light quantity) of the sub laser diffraction
beam provided for the area 8D.
The center part of the first sub light receiving
portion 881 is ih the center or approximately center of
the first sub laser diffraction beam passiﬁg through the
cylindrical lens 7.
The second sub light receiving portion 882 is divided
two of the same of approximately same parts by the
division line BSy2'and comprises two division areas 8E,
8F. In the second sub light receiving portion 852 show in
Fig. 13, the sub light spot S52 is formed by (the
. reflected light of) the second sub laser diffraction. beam

from the cylindrical lensl7.

The division area 8E generates‘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 BF generates the output
signal SF in response to the light quantity (the
reflected light quantity) of the sub laser diffraction

beam provided for the area 8F.



fromthe cylindrical lens 7. The division area 8G generates Bheugust300H
signal SG in response to the light quantity (the reflected Iight

gquantity) of the sub | aser diffraction beamprovided for the area 8G The
di vision area 8H generates the output signal SHin response to the |ight
quantity (the reflected Iight quantit % of the sub laser diffraction beam
provided for the area 8G The center patt of the third sub light receiving
portion 8S3 is in the center or approximately center of the third sub

| aser diffraction beam passing through the cylindrical lens 7. The forth
sub |ight recelthengepdetri pargSeti £hei viegaard oy L Ite Temfe VIRI

approxi mately sane parts.by the division |line 8Sy4 and conprises two

di vi si on apeasi®h, 832Augusin 2B@4 csiief] o popreigatelyusdntgnt afecei vi ng
portion 854 showin Fig. 13, the sub light spot SS4 is fornmed by (the

refl ect ed lthghtseabond bakf datsers uli fifxsertidinf foegot ipes sigamthinowgh Hae
cylindrical lens 7. The division area 81 generates the output signal SI in
response teyliad-dighatl qeast ity (the reflected |light quantity) of the sub

| aser diffraction beam provided for the area 81. The division area 8J

gener at es tﬁe eukpihird gadl 1Sdhith reesyicrise porttien 8@t iguatitided t he
two of the same or'apprdximately same parts by_ﬁhe
division line 88Sy3 and comprises two division areas BG,
8H. In the third sub light receiving.portion 8S3 show in
Fig.,lé, the sﬁb'light spot 883 is formed by (the
reflected light of) the third sﬁb ;aser'diffraction beam
from the cylindrical lens 7.

The division area 8G génerates the output signal S5G
in response to the light quantity kthe reflected light
quantity)-of the sub lasex diffractiqn beam provided fox
the area éG. The division area 8H generates the output
signal SH. in response to the light quantity (the
ieflected 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 884 is divided
two of the same or approximately same parts by the

division line 8Sy4 and comprises two division areas B8I,



reflected light quantity) of the sub laser diffraction beam3pkugustt®4f or
the area 8J. The center part of the forth sub light receiving portion 8$4
is in the center or approximtely center of the forth sub | aser
diffracti on beam passing through the <cylindrical lens 7. The division

| ines 8SyO- 8Sy4 are parallel or approxigately paral l el each other. Fig. 16
Is a view for explaining the arrangeneﬁ “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. forned and éh oove GR
forms a trdk dut dYriowe? TP thehecor ot ht R R BFPhe ﬁgt géﬁ?" df'sk 80,
the main |light spot MB by the main laser diffraction beam having a |arge
quantity offig.gtk3 ardhe el i kiaht Bk t$548 WugtRImeBRY - $8PSub |ight spot
L1-L4 by the first to forth sub laser diffraction beans having a snal
quantity ofrafilgntesd dighsr mf) the Forkh sup 123pF dpBErRILLORPPREBs the

spot L10 corresponding to the mainrobe and the spot L11 corresponding to
t he si der olfonTHhes exiichdnira} ghenspbt L2 conprises the spot L20

corresponding to the mainrobe and the spot L21
The division area 8I generates the output signal ST

in response to the light qﬁantity (the reflected ligbt
qﬁantity) of the sub laser diffraction beam provided for
the area 8I. The division area 8J generates the output
signal SJ in response to the light quantity (the
reflected light quantity} of the sub laser diffractipn
beam provided for tHe area 8J.

The center part of thé forﬁh sub light receiving
‘portion B8S4 is in the center ér appfoximately center of
the forth sub laserx diffraction beam passing through the
cylindrical lens 7. The division lines 8Sy0-8Sy4 are
parallel or approximately parallel each other.-

Fig. 16 is a view for explaining thé arrangement of
the light spots on the recordiﬁg 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.

dn 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 foxrth



corresponding to the siderobe. The main |aser diffracti on bedigssrd®fect ed
at the min [ight spot MB and provided for the main light' receiving
portion 8S0 of the photodetector 18. The first sub laser diffraction beam
is reflected at the first sub light spot LlI-and provided for the first

sub light receiving portion 8S1 of the Sohot odetector 18. The center-of the
sub laser diffraction beamreflected at™" " the spot L1 is in the center or.
approximately center of the first sub light receiving portion 8Sl1. The
second sub laser diffraction beamis reflected at the second sub |ight

spot L2 andsyl ovidled $ret (ke Btdevidtheubirsghtor €. AgPpdREPSN 8S2 of the
phot odet ector 18. The center of the sub laser diffraction beamreflected
at the spotiffrastionthramemariey apprekl naeenlitenedrloghtt A€Ssecond sub
i ght receiving portion 8S2. The third sub |aser diffraction beamis
refl ected afedneddigust 2004 -57 the third sub Iight spot L3 and provided for
the third sub light receiving portion 8S3 of the photodetector 18. The
center of the stHe |fisest didlf rhicghorspeant etomptbeeat the h%P@’Eo%lleS isin
the center or approxinmately center of the third sub light receiving
porti on 8SXorddwpdding st tlaserathiépacendntheaspes kil ected at - the
forth sub Iight spot L4 and provided for the forth
corresponding to the siderocbe.
The second sub light spot L2 comprises the spot L20
corresponding to the mainrobe and the spot L21
corresponding to the sidezrobe.
The main laser diffraction beam is reflected at the
main light spot MB and provided for the main light’
receiving portion 8S0 of the photodetector 18.
The first sub laser diffraction beam is reflected at
the first sub light spot Ll. and provided for the first
sub light receiving porﬁion 851 of the photodetector 18.
The center of the sub laser diffraction beam réflected at
the spot Ll is in the center or approximately centex of
the first sub light receiving portion 851.
The second sub laser diffraction beam is reflected at
the second sub light spot L2 and provided for the second
-sub light receiving portion 882 of the photodetector 18.
The center of the sub laser diffraction beam reflected at
the spot L2 is in the center or approximately center of

the second sub light receiving portion 882.

The third subk laser diffraction beam is reflected at



sub light receiving portion 854 of the photodetector 18. Thé Auwguse2004f the
sub laser diffraction beamreflected at the spot L4 is in the center or
approximately center of the forth sub light receiving portion 854. The

i ght receiving portion 8S0-8S4 of the photodetector 18 have the
configuration which can detects the ptkzh pull signals in the disk radial
direction by the division lines 8Sy0-.8Sy4.' The distances fromthe main

| i ght spot I\/B to two of the sub Iight spots LI and L2 on the optical disk

80 are determi ned by the l e gc ment vV urther, when
the two sub iy O?{%}‘,n%_ %i&o%afgg tl‘?l%‘w % red° 'gh Blgs élt he
direction is fo das ase djstr are

appr oxi mat €T3P t’E)e‘fEf"l’ev’p'l’q &"ﬁ?’s‘t?.%ﬁ.%ﬁ ﬁé%e?]a?fé%deF %V\D sub

l'i ght spots Li and L2 by the tilt of th | sk, subst rate| t he di sk radial
direction, Ht® YV ‘t\%n’é‘?‘?/ S e]'%‘?%‘fa L3k ‘Ett‘?‘é?e%a? of the
3 August 2004 -58 main light spot MB to the center parts of the two sub -

| a. ght ' spoti&e |§Pahde3 2L¢ nin h*'eh%%%nt%ea%t WRERXIEMEPLY e5DFREs®E in the

equation (5) mentioned above by using the pitch Tp of the grooves GR and
an integer Hoftigizd syprielalpyriereiving RRSEORASIB4 fromthe center part

of _
The forth sub laser diffraction beam is reflectaed at

the forth sub light spot L4 and provided for the forth
sub light receivihg portion 854 of the photodetector 18.
The center of the sub laser diffraction beam reflected at
the spot L4 is in the center oi approximately center of
the forth sub light receiving portion 854.

The light receiving'portioﬁ 850-854 of tﬁe
photodetector 18 have the configuration which can detects
the push—pull‘signals in the disk radial direction by the
division lines 85y0—88y4.‘

The distances from the main iight spot MB to two of
the sub light spots L1 and L2 on the optical disk 80 are
same and determined by the angle o mentioned above.

Further, when the two sub light spots L1 and L2 are
at the desired pasitions, the direction ﬁ is formed as
the phase distribution, which are equal to or
approximately equal teo 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



the main light spot MBto the center parts of the two sub | BghtgusidO4l 3,
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 mof O or nore. D34 =
(m+ 1/ 2) Tp ... (7) Especially, in the case the | and groove
configuration whose ratio of the width _of the land LA and groove GRis
1:1, the center parts of the sub Iight'%%ots LI and L2 are arranged at the
center or approximtely center of the groove GR The eccentricity signal
RO in response to the eccentricity of the optical disk 80 is cal cul ated by
the next éﬁ%%ﬂi%#H%B)SE@EéﬁBOHOtH%epﬁ§ﬂtﬁﬁlP3§F§naf Bhe o Fﬁg mai n | aser
di ffraction beam and the push-pull signals PP3 and PP4 of the third and
forth sub |kkErt dspéEackt oandpednkn Sk skAg29Ba SBITRCRE]® SRS - SJ)
=PPO + k (PP3 + PP4) ... (8) In the above equation (8), by correcting the
3 August 208presoediifctopcequitiae (Pyhmephienstt pPpEeWRENUEABIMaI n spot
M5-of the main |ight receiving portion 8S0 and the sub spots SS3 and S$4
of the sub thglpitekelyi of poetgoncdss GRnangSanbyngegest i efeft K, the
eccentricity signal RO can be detected because the polarity between the
push- more.

Further, the distances D34 from the center part of
the main light spot MB to 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”m cf 0 or more.

D34 = (m+ 1/ 2) Tp  ...{(7)

Eépecially, in the case the land groove configuration
whose ratio-of the width of the lana 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 PPO of
the main léSer diffraction beam and the push-pull signals
PP3 and PP4 of the third and forth sub lasexr diffraction
beams .

RO=SAu+82d-SBu-SBd + k(SG-SH+SI-5J)

=PP0 + k (PP3 + PP4) ... (8B)

In the above equation (8), by correcting the



pul | element PPO and the push-pull elenment PP3 and PP4 is oppogust200Fhi s
correction coefficient k is expressed by the next equation (9). k

( SAU+SAd+SBu+SBd) / (SG+SH+SI +SJ) RFQ (RF3+RF4) ... (9) Therefore, by
subtracting the signal (kOXRO of the result of the nultiplication of the
eccentricity signal RO and a reasonablg coefficient kO fromthe tilt error
signal TS, the tilt error signal TSO renoved the offset due to the
eccentricity can be obtained. This tilt error signal TSO is expressed by
the next equation (1?. TSO = TS -, kO X RO = PP1+PP2- kO X ( PPO+k, ( PP3+PP4)
) ...(10) EHAIRFENGHELIrRAFTHE REFFI T BRPREYESR ERR I BREPNGPOFhe 1 ght
intensity of the main Ijght spot M5 and the sub |ight spots SS1 and SS2 is
expressed BYF iHe Wk maEduidH 19951 wire R%@sﬁ%ﬁﬂ% Ehe sub

( SAu+SAd+SBu+SBd) %q = (RFI +RF212e/(2 x RFO ....(11) 3 August 2004 -60 Fig. 15
is a view fECEkpiE My $He 9%l Ehe oFidhi phbetaerhvine PPFELeRr B8F 3si gnal
TS and the tilting angle when the both cases the eccentrici tX exi sts and
doesn't exnst 854 d&vt oy daniLiGient Her FERe SCepRitrigity, signal RO

can be detected becaﬁse the polarity between the push-
pull element PPO and the push;-pull element PP3 and PP4 is
opposite. This cérrection coefficient k is expressed by
the next equation (9).

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

= RF0O/ (RF3+RF4) ... (9)

Therefore, by subtracting the signal (kOXRO) of the
result of the multiplication of the eccentricity sigpal
RO and a reasonable coefficient k0 from the tilt error
signal TS, the tilt error signal TS0 removed the offset
'due-to the eccentricity can be obtained.

This tilt error signal TS0 is'expressed by.the next
equation (10). | |

TSO = TS - k0. XRO

PP1+PP2-k0 X (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) .

kO (SC+SD+SE+SF) / (2 (SAu+SAd+SBu+SBd) )

(RF1+RF2) /(2 x RF0) .. {11)



The black circles. indicate the case the quantity of the ecéetqigusici0y is
0. The bl ack squares indicate the case the quantity of the eccentricity 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 though 'the
eccentricity .occurs, the desired chargcteristic of the tilt error signal
TSO is obtained. Fig. 16 is. a block di"agram showi ng the configuration of
an enbodi ment of the optical disk apparatus conprising the optical pickup
51 shown in Fig._ 12. _ Further, in the optical  ,disk apparatus 91-shown in
Fig. 16, the safedpotfi vfis® agl?ﬁef8ﬁtFgaﬂaaPéﬂgaﬁbﬁrﬁﬁﬁétlgﬁsgﬁﬁﬁn in Fig.
10 are given the sane references and the _explanation of themare suitably
oni tt ed. ThP@tHﬁﬁPcéhedFéktaﬁﬁaPatE%ggilcgﬁpFP§e§ & ot&ingo2angdenpt or
driving circuit 35, atilt correcting portion 36, a conpensatlon circuit
40, an anpl VheBr the bakhoppredl thei BRGBNETICARY aRFLEEPeRAREhERESRIH i i er)
53, a laser dr|V|ng circuit 55, a S|gnal generation circuit 60, an 3
August 2004ex83t| AnorAReraandet Bathokhei Fédit 868ndaFimlt 9det ection circuit

67, and a control circuit 71. Further, the optical disk apparatus 91
conprises an The black circles .indicate the case the quantity of

the eccentricity is 0.

The black sguares indicate.theAcase the quantity of
the eccentriéity 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 though the eccentricity
.occaurs, the desired cha;écteristic of the tilt error
signal TSO is obtained.

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

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

This optical disk apparatus 81 comprises a motor 30,
a motor driving circuit 35, a tilt éorrecting portion 36,
a compensation circuit 40, an amplifier 42, an optical
pickup 51, an amplifier (head amplifier) 53, a laser

driving circuit 55, a signal generation circuit 60, an



tilt detection apparatus 96. This tilt detection apparatus SGAwmsezdldes
the conpensation circuit 40, the anplifier 42, the optical pickup 51, the
anplifier 53, the laser driving circuit 55, the signal generation circuit
61, the information detection circuit 65, the tilt detection circuit 67,
and the control circuit 71. The control,circuit 71 is a controller engaged

in the controlling the whole of the op#ﬁéal di sk apparatus 91 and

i ncludes, for exanple, a mcroconputer. This control circuit 71 controls
the notor 30,. the notor driving circuit 35, the |aser dLiving circuit 55,
the opticaltHiRipHm 49 THipRNSEETOhE P cudt EHbE €RESCE3PPnal generation
circuit 61, the information detection circuit 65, the tilt detection
circuit 67 HitFwet oh - BRA oht FRAFE P cRIPE%Ht ekboses the | aser beam LB to
t he reproduci ng point of the optical disk 80 when reproducing. The |aser
driving circui tFes-hfeheridtescrREHRY i Msk sIRpRTa2 @S uRHeFOI PR 23Rt 7Bl of the
control circuit 71 and drives the sem conductor laser 4 in the optical
pi ckup 51 WLt tetrdtion aprprdted HakeThhe Seht cdmeretd?PP | aser 4 expose
the |l aser beam LB. 3 August 2004 -62 The anplifier 53 anplifies each of the
out put si gresipRra8MaEs BAGOSBIL SSBdithe ST SIS 4 tirn t rerdught 49 ecER@i ng
amplifier 42, the optical pickup 51, the amplifier 53,
the laser driving circuit 55, thé signal generation
cifcuit-SI, the information detection circuit 65, the
tilt detection circuit 67, and the control circuit 71.
The control circuit 71 is a controller engaged in the
controlling the whole of the opticél'disk apparatus 91
and includes, for example, a microcomputer.
This control circuit 71 controls the motor 30, the
motbr'driving‘circuit 35, the laser driving circuit 55,
the optical pickup 51, the compensation circuit 40, the
-signal generation circuit 61, the information detection
circuit 65, the'tilt detection circuit 67 and so on.
The optical pickup 51 exposes the laser beam LB to
the reproducing point of the optical disk 80 when
reproducing.
The laser driving circuit 55 generates a driving
signal SL under the &ontrol of the control circuit 71 and
drives the semiconductor laser 4 in the optical pickup 51

by the driving signal to make the semiconductor lasexr 4

expose the laser beam LB.



portions of the photodetector 18 conprised the optical pickdpreust o4
provide themfor the signal generation circuit 61. The signal generation
circuit 61 generates a reproducing signal RFOin response to the quantity
of the reflected beamof the main |laser diffracti on beamand reproducing
signals RF1-RF4 in response to the quanLity of the reflected beanms of the
first to forth sub laser diffraction béans based on the anplified output
signals SAu, SAd SBu, SBd, and SC-SJ fromthe anplifier 53. Further, the

signal generati c r cuj nerat e the h-pwl | signal PPO of the
main | aser diff ’%Jle a% gl ea f ﬁ%‘lz’so u%’Pil%?a{Lﬁe first
to forth sub Iaser dlffractlon a Furt naI eneration
circuit 61 Sd“é’rver%ﬁ%'s SBhe TR AP g(g éé a%ﬁg]? ?‘5%:15 Y error
signal TE. The signal generatlon Ci rcwt ener ate epr oduci ng

si gnal RFOREZA&RISA\RS I?H#%Bh‘}mb%g%ﬁe%ﬁmfhje Aot 2 Ehe Bﬁtﬁﬁ?gg? nal s SAu,
SAd, SBu, and SBd fromthe anplifier 53. Further, it generates the

repr oduci n@iFHHRal S RAIe R‘%%)tlb%f%eﬁ’%nt’ﬁlesb%?%htg%’i“@ﬁ%F%"%C and SD. 3

August 2004 -63 Further, it generates the reproduci ng signal RF2
circuit 61. _

The signal generation circuit 61 generates a
reproducing signal RFO in reséonse to the quantity of the
reflected beam of the main laser difffactidn.beam and
reproducing signals RF1-RF4 in response to the quantity
of the reflected beams of the first to forth ;ub laser
diffraction beams baséd on £he ampiified output signals
SAu, SAd, SBu, SBd, and SC-5J from the amplifier 53.

Further, the signal generation circuit 61 generates
the push-pull signal PP0 of the main laser diffraction
beam and the push-pull signa;s Pfl—PP4 of the first to
forth sub laser diffraction signalé.

Further, the signal generation circuit 61 generates
the focus error signal FE and the tracking error signal
TE.

The signal generation circuit 61 generates the
reproducing signal RFO0 (=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.



(=SE+SF) based on the output signals SE and SF. Further, it @engust294t he
reproduci ng signal RF3 (=SG+SH) based on the output signals SG and SH.
Further, it generates the reproducing signal RF4 (=S2+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 exanple, based
on the difference of the output signal '363SAu, SAd and the output signals
SBu, SBd fromthe anplifier 53. Further, it generates the push-pull signal
PP1 (-=SC SD) based on the difference of the output signal_ SC and SD.
Further, it gerfdyeither t He ERIRTRAGS P PpRqRsE signab /REd on the
difference of the output signal SE and SF. Further, it generates the -
push- pul | sEREHSHIP> et orsHheh P 3+t 18F @ BF - t he out put si gnal
SG and SH. Further, it generates the push-pull signal PP4 (=SI- SJ) based
on the differemetifer hd towgnaratiamadthes| regrpdsyinggigral RHg signal
generation circuit 61 generates the focus error signal FE
( =SAu+SBd- SASCEEH) hadgdie ommsthegmuttimatetdwehls 036 exdpbe; based on the
di fference 3 August 2004 -64 S ' '
‘ Further, it generates the reproducing signal RF4
(=SI+SJ) based on the output signals SI and S8J.
Further, the signal generation circuit 61 generates
the push-pull signal PPO (=8A1+5SAd~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, it generafes the push-pull signal PP1 (=SC-~-
SD) based on the difference of the output signal SC and
SD.
Further, it generates the push-pull signal PP2 (=SE-
SF) based on the difference of the output signal SE and
SF.
Further, it generates the push-pull signal PP3 (=SG-
SH) based on the difference of the output signal SG and
SH.
Further, it generates the push-puli signal PP4 (=SI-
SJ) based on the difference of the output signal SI and
SJ.
Further, 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



of the output signals SAu, SAd, SBu, and SBd fromthe anpli BiZrgus200d t he
di agonal direction. Note that, the signal generation circuit 61 nakes the
push-pul | signal 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 PP1 and PP2 and the_g&centricity el ement. Concretely, it
generates a tilt error signal TSO corresponding to the tilt angle based on
the difference of -.the sumof the push-pull signals PPl and PP2 and the

eccentricity signal RO and it provides the generated tilt errqr signal TSO
for the conPFoFgEiPEGPPt7f?99?ﬁé Phfor fBirofPHet 88 SRTEFFEH 165 s

provi ded the reproducing signal RFO fromthe signal generation circuit 61,
carries out 2BRé1IFEREIGPatPoRE LREOPEHr G3EEFTGC si gnal RFO and so on to
reproduce the recording information of the optical disk 80, and qutputs
the reproduced¥P&Bofffrfy tRPoPAEPROINISEBSEALIAPPALETSPINalblSE2 EF t1héT, t he
infarmati on detection circuit 65 detects _an address of the optical disk 80
fromthe repreBuplRhd SiEpaal PREOThRd trapkéddc 8ETPRe SEERGHd TRy i nf or mati on
based on the address. The.control circuit 71 generates a cross track
signal CT (=PPIh@pp}lbadetieetirhechuashipubl dr§aats Pbe &idtrPr ta®d
detects whether the position of the light spot of the 3 August 2004
tilting angle based on the sum of the push-pull signals
PPl and PP2 and the eccentricity element, Concretely,_it
generates a tilt error signal TS0 corresponding to the
tilt angie based on the difference of the sum of the
pﬁsh—pull-signals PPl and PP2 and the eccentricity signal
RO and it provides the generated tilt error signal TS0
for the control circuit 71.
.The information detection circuit 65 is provided the
reproducing signal RFO from the signal generation circuit
61, carries out the demodulation of the reproducing
signal RF0O and so on to reproduce the recording
information 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 RFO and reproduces the recording information based
on the address.
The control cixcuit 71 generates a cross track signal

CT (=PP1-PFP2) based on the push-pull signals PPl and PP2

and detects whether the position of the light spot of the



-65 main | aser beamis on the track or not based on the si gdalugddt20DHe
cross track signal CT is referred, for exanple, when the |ight spot cross
the track as .seeking. The tilt correcting portion 36 corrects the tilt of
the optical disk 80. For exanple, the control circuit 71 controls the tilt
correcting portion 36 based on the tilt__ error signal TSO by the close | oop
control.. The tilt ~correcting portion“@% corrects the tilt under the
control of the control circuit 71 so that the tilt error signal TS
becomes 0. Fig. 17 is a flowchart  showi ng the detectiqon nethod for
detecting t#i%|}asen paam idi gp Hbf-*eEFFs% 8F PRE PBpeAcar &P8k 80 in the
tilt detection apparatus 96 of the optical disk apparatus 91. First, in

t he-step S13UgGP3heCHi f FRrACEFORS gFaRPRg399BRL FReidprrEar~prckliprsl
diffracts the | aser beamfromthe sem conductor |aser_4 to generate

t he- mai n | &¥&mpam vher| Hoe ngiahbt APeFdercaef Fhactrafkbeant8RlifPrst and
second sub | aser beans each including +-first diffraction beans. Each of
the first and SBodrehbbbcdemertiranmonbiena36 phaseedrst Eheutidh efual to or
substantially equal to the phase distribution due to the wave front
aberrati on themytieal ohisheBdpt Fenl edimRkleo whencohtropt féabudksH1l80 is
tilted.

controls the tilt correcting portion 36 based on the‘tilt
error signal TSO by the close loop control. The tilt
correcting portion 36 eorrects the tilt under the control
of the coﬁtrol circuit 71 so that the tilt error signal
TS beccmes 0.

Fig. 17 is a flow-chart showing the.detection method
for detecting the tilt in the radial direction of the
optical disk Sb in the tilt déteCtion apparatus 96 of thé
éptical disk apparatus 91.

First, in the.step 5121, the diffraction grating 9 of
the optiqa%-pickup 51 diffracts the laser beam from-the
semiconductor laser 4 to generate the main laser beaﬁ
including a 0th 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
phase distribution due to the wave front aberration

generated on the optical disk 80 when the optical disk 80

is tilted.



3 August 2004 -66 These | aser beans (the main | aser beam and 3tAeguist 2604 and
second sub | aser beans) are provided for the diffraction grating 11. In
the step S122, the diffraction grating 11 diffracts the main | aser beam
fromthe diffraction grating 9 to generate the main |aser diffracti on beam
including a Oth order diffraction beamand third and forth sub | aser

di ffraction beans each including +-first diffraction beam Further, the
diffraction grating 11 diffracts the first sub | aser beamfromthe
diffraction grating.9 to generate the first laser diffraction_beam

i ncludi ng a Ot P el aAss 5nl Prafad BT %@t%ds@&%nﬂl§ﬁﬁ | aser
beamfromthe diffraction grating 9 to generate the _second | aser

di ffracti o 5bARIIMI G 3SR PIFMRY %7 BFAE9esh BantPehese 'aser beans

(the main laser diffraction beam and the first to forth sub |aser

di f fracti odifEmaAgtiate ggnte\ide f or the objective | ens 2 passing through
the beamsplittex 3. Note that, each of the first and second sub | aser

di ffracti on bedm Hde sismde R st difiragfiinn trafingappt oxi matel y equal
to the phase distribution due to the wave front aberration generated on
the opticaldififsla8s the main laser beam from the diffraction :

grating 9 to generate the main laser diffraction beam'-
including a Oth.crder diffraction beam and third and
forth sub laser diffraction beams each including +-first
‘diffraction bc;eam ;

| Further; the diffraction grating 11 diffracts the
first sub iaser beam from the diffraction grating .9 to
generate ﬁhe firat laser diffraction beam including a 0th
order diffraction beam and diffracts the second sub la;er
beam from tﬁe diffraction gratipg 9 to ggherate tﬁg
second laser diffracéidn beam including a Oth order
diffraction beam.

. These laser.beams {the main'iaser'diffraction beam -
and the first to fﬁrth sub laser diffraction beams) are
provided for the objective ;ensr2 passing through the
beam splitter 3,

Note that, each of the first and second sub laser
diffraction beam has a phase distribution 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.



when the optical disk 80 is tilted. 3 August 2004 -67 In the3skugust0P3, the
objective lens 2 collects |aser beans (the main |aser diffraction beam and
the first to forth sub laser diffraction beans) fromthe diffraction
grating 9 and 11 and provides themto the optical disk 80 to expose the
| aser beans on the optical disk 80. The _objective lens 2 collects the main
| aser diffraction beam to expose the t%%ack of the optical disk 80. The
mai n | aser beam col l ected by the objective lens 2 are reflected at the
optical disk 80, passes through the objective lens 2 again, and are
provi ded for th&n phetstdere8idd, 18hpasbingtineolgnst RecBeanrspl LEEEF 3, the
.collecting lens 6, and the cylindrical lens 7. In the step S124,, the
phot odet ectloea8 K(&bei mesnt hasemninfFaseridnf beawt pod beamtangtt ke first to
forth laser diffraction beans reflected at the optical disk 80 at the
| i ght recei fonghponbi dbase8Sdif§gactiogehennsd £hemottbpulifsirga&ionSAu, SAd,
SBu, SBd, and SC SJ. Theses output signals are provided for the signal
generation graeilhy 8landi alt kedappbiides Ehemdtanphef pprics3. dimgkt 8O step
5125, the signal generation circuit 61 generates the reproducing signals
RFO and RF1t&RFdxposer eRpohaeetobehesquanthei eptotalhdissf Béct denni n | aser
diffraction beamand the first to forth sublaser -
objective lens ‘2 collects the main laser diffraction beam
to expose the track of the optical disk BO.
The main laser beam collected by the objective lens 2
are reflected at the optical disk 80, passes through the
objective lens 2 again, and are provided for the
photodetector 18 passing through.the beam splitter 3, the
‘collecting lens 6, and the cylindrical lens 7.
In the stépA8124,_the photodetector 18 receives the
main laser diffraction beam and the first to forth laser
diffraction beams reflectedlat the optical disk SO at the
light receiving portions 8S0-8S4 to generate the output
sigﬁals Shu, SAd, SBu, SBd, and SC-SJ. Theses output
signals are provided for the signal generation circuit 61
via the amplifier (head amplifier) 53.
In the step S$125, the signal generation circuit 61
generates the reproducing signals RF0O and RF1-RF4 in
response to the quantities of the reflected main laser

diffraction beam and the first to forth sub laser

diffracticon beamnms

based on the output signals SAu, SAd, SBu, SBd and SC-S8J.



di ffraction beans based on the output signals SAu, SAd, SBu, 33Bguar2008C- SJ.
3 August 2004 -68 Further, the signal generation circuit 61 generates the
push-pul | signals PPO and PP1--PP4 of the nain |laser diffraction beam and
the first to forth sub-laser diffraction beanms. In the step S126, the tilt
detection circuit 67 detects the tilt or the tilting angle of the optical
di sk 80 based on the difference of the'55Ush- pull signals PP1 and PP2 and
the first and second sub laser diffraction beans and the eccentricity
signal RO Concretely, the tilt error signal TSO (=PP1+PP2--kOX RO
correspondi ng tFnrthee t ithe i ol geierdelopt¢ierudl skl sperargbaer at ed
based on the difference of the push-pull signals PP1 and PP2 and the
eccentri ci thhesipgrea-rRAI Eiayropts RO pink PP B1PR4 t &if t Hee coath glraeron as
menti oned above can detect the tilt of the optical disk when the optical
di sk i s- eccHMifinagtiNot ddamtand hehrebest tovErttlonsily haserimted to the
above enbodi nents and i ncludes nodifications wwthin the scope of the
cl ai ms. Fordioeaguta,on betdwes opti cal pickup 51, the diffraction grating 9
and the diffraction grating 11 the arrangenment may be repl aced each other.
In the step 8126, the tilt detection circuit 67 '
detects the tilt or the tilting angle of the optical disk
80 based on the difference of the push-pull signals PPl
and PP2 and ﬁhe first and second sub laser diffraction
beams and the eccentricity signal RO. Concretely,'the_
tilt error signal TS0 (=PPl+PP2-k0XRO) correspondiﬁg to
the tilting angle of the optical disk 80 is generated
based on‘the difference of the push-pull signals PPl and
PP2 and the eccentriéity signal RO.
The optical pickup 51 with the configuration as
mentioned above can detect the tilt of the oﬁtical disk
when the 6ptical disk iS'eccéntric.
Note that, the present invention 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 ﬁgy be replaced sach octher.
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



Further, in the tilt detection apparatus 95 shown in Fig. 10August200¢t
detection circuit 66 may be fornmed like that it detects the eccentricity
signal RQin response to 3 August 2004 -69 the eccentricity of the optical
di sk 80 based on the. detection signal SR fromthe center point sensor 12
of the optical pickup 50, generates the tilting error signal TS based on
the difference of the sumof the push-]§31l signals PPl and PP2 and the
eccentricity signal RQ and provides the tilt error signal T5 for the
control circuit 70. For exanple, it extracts the frequency el ement in
response t Fheh@qosrdisiich tperdfod-hd arfel ek | etk AGKBTRA PNt RAe detection
signal SR and generates the eccentricity signal RQ based on the extracted
frequency detewdion [signfls Fhdfron Hhs T RaicratseREehel2ceEntricity
signal RQis included in the flowchart shown in Fig. 11 and in the step
S115 the tithe detdctElopicihuriio cTyetfmnates 'thr tilting exwecrisignglangl e
based on the difference of the sumof the push-pull signals PP1 and PP2
and the ecd@it bagiedy i gined AL eAermepl el Mdve ahoveof advorpisig-relihe
present invention, the tilt detection apparatus and tilt detection nethod
det ect abl e stilgmatlis| tPRIf adee RER izgal Wissleccentricity signal RQ, and

provides the tilt error signal TS’ for the control

circuit 70.

For example, it extracts the frequency element in
responze to the rotation period of the optical disk 80
from the detection signal SR and generates the

eccentricity signal RQ based pnrthe extracted fregquency
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 tilﬁ detection -circuit 65
detects the tilt or the tilting -angle based on the
difference of the sum.of the push-pull signals PPl and
PP2 and the eccentricity signal RQ.

" as explained above, according to the présent
inventipn, the tilt detection apparatus and tilt
detection method detectable the tilt of the cptical disk
using the diffraction beams, the optical pickup can be

applied to the tilt detection appafatus, and the optical

disk apparatus can be provided.



using the diffraction beans, the optical pickup can be appl Bethgust200d tilt
detecti on apparatus, and the optical 7@i sk apparatus can be provided. 70
Clainms 3 August 2004 1. An optical pickup, conprising: a diffraction
grating for diffracting a |aser beamfroma |aser to generate a Oth order
diffraction beamand +-first order diffraction beans which have the phase
distribution equal to or substantiagilimsequal to the phase distribution due
to the wave front aberration generated on an optical disk when the opti cal
disk is tilted; an objective lens for collecting said Oth order

diffraction beam and said +-first order diffraction beans and exposing the

beams to it he optheal i S RpWiGthLilkagk, gui de grooves are fornmed; and a
photodetector for generating signals cofresponding to said +- first order

diffraction b%aﬁﬁfff?é%%egrg{:%§@'ﬂ)rogékfﬁicth} Sg 1%(\4@ %'e@msﬂgm F%hase

di stribution of one of sal ITst or dlffractlon beans is a phase

di stributy.an generated whenolihe. Lt | &l naongle fosaid ontical ik Ts a

posi tive constant ang e, and sali phase stribution of anot said +-

first ordafee dLi{5RGLLA0 DEATP Ha%edtRDFRE A 81 LL Y90 985&?51""%%%%’”6” the

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 collecting said 0th order
diffraction beam and said +-first order diffraction beams and
exposing the beams to the optical disk on which track guide
grooves are formed; and

a photodetector for generating signals corresponding to
said +-first order diffraction beams reflected at said optical
disk, 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 constant angle,
and

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 constant angle.

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



tilting angle of said optical disk is a negative constant anglAugug 2084
optical pickup as set forth in claim] wherein; 71 3 August 2004 said
objective lens collects said Oth order diffraction beam and exposes it to
the track of said optical disk, and a distance fromthe center part of the
optical spot of said Oth order diffraction beamto the center part of the

opticcal spot of;isabdidetfiid 3bnorden Lickf cacsicum Beags in the disk radial
direction is, where nis an integer of 0 or nore, equal to or

appr oxi mag et 4 LAY8h LR Y exfosdA)itl LOBShOf LRe oPidohy of said track or a
track guide groove. 3. An optical pickup as set forth in claiml or 2

further gcompri;sizRgi, afhpactuator for noving said objective lens in the disk
radial direction in response to an eccentricity of said optical disk, and

a posi ti on sensof (ordehest ing Lhe QURALLLY: AhTBYPIEN spar Lhe quantity

of change of sai jective lens In th Irection. 4. An

opti cal PLekiiRerCOURLI SIMG-aBe Tl Stoofll L7 AR IQROLALLNG Ok, di Tl racting a

| aser beam froma laser to generate a nmarn laser beamincluding a Oth
order dif{rachi gnopeamand Lir sl and. aeeond SUDc 87 4/e IR LAg! uding one
of +-firsttorder “8rfffaction beans:

disk radial direction is, where n is an integer of 0 or more,

egual teo 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 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.

4, An optical pickup, comprising:

a first diffraction grating for diffracting a laser beam
from a laser to generate a main laser beam including a 0Oth 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 second diffraction grating for diffracting said main | aser3 Asant 2004
generate a main, laser diffraction be&hincluding 72 3 August 2004 a Oth
order diffraction beamand third and forth sub laser diffraction beans
i ncluding one of +-first order diffraction beans and diffracting said
first and second sub | aser beans to generate first and second sub | aser

di ffractinndpearBet ntilffdbbgion Kidh andethidid hhactéom Bean agsr obj ective
|l ens for collecting said main |laser diffraction beans and said first to

forth sulbiilmseet dbd fhagl 9Ac1 e caBdo £XPASirRe bheHeareriocah opti cal
di sk on which track guide grooves are formed; and a photodetector for

gener at i Ngea%isgBAK SAi MRS PARSEa D rS2kE ad@idecbagesudlifbbeaction heans and
said first to forth sub laser diffraction beans reflected at said optical

di sk, andyaaenebnr £aGh 06 88bshd it 1856 36GeRdcEU kRSRE dhdflBeL on beans
exposed to said optical disk has the phase distribution equal to “or

subst antialdyy sgual d:as-herphasedi;stribution due to the wave front
aberration generated on said optical disk when said optical disk is tilted,

wherein; said phaggedl sid iRl 09, 0fo1008+$85dsdid $hiQ 1 5860nd sub | aser
diffraction beans i's a phase distribution generated when the tilting angle

of catd aptdsGalbedhkdahsAaROdid/ 81600 Ao ANGhS 1 NG B2EE-RNARG
di stribution of another of said fifrst of second
beams and exposing the beams to an optical disk on which track
guide grooves are formed; and
a photodetector for generating 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 said first and second sub laser diffraction beams
exposed to said optical disk has the phase distribution egual 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, wherein;
said phase distribution of one 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 ancther 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.



sub laser diffraction beans is a phase distribution generated Awherpoohe
tilting angle of said optical disk is7a negative constant angle. 73 3
August 2004 5. An optical pickup as set forth in claim4, wherein; said
objective lens collects said main |aser diffraction beam and exposes it to
the track of said optical disk, and a distance fromthe center part of the

optical spot afp opaidalmiikihdsges hd fdaehi on Heam 4o mheLenter part of the
optical spot of said first and second sub | aser diffraction beans in the

di sk radi al digfet bfetSiveMBHE folie@B LRI @IRSir0hale PraiMHger Gl tO OF
approximately equal to a (n/2 + 1/4) times of the pitch of said track or

sai d tragle-ubde GRARS. ;B cAPLiSek P kR B9 seh LSk ddyclaim

wherein a distance fromthe center part of the optical spot of said main

laser diffract] ofshgam tﬁohh%hge@ér?ﬁexpgéﬁztoéf the opPiLLAlsp3ROLeOf said

third and forth sub laser diffraction beans in the disk radial direction

I's, when iidsméi‘ni%‘%se&eﬁi?hé’c 'on, BBLE c £G4l LO-OF ARRro¥iqRtel y equal to

a (m+ 1/ tinmes the pitch of sard track or said track gui de groove 7.

An opti C%rptglcg%ug?@é oﬁetsaggrfl &l;tn a%l ?‘éé@on% s%b ?£s6r d%?%gj:@io%ai d wave
front aberration 1s the coma aberration gener a edeat a transparency
substrat g of _sajd.optjcal disk B, Atilt; detection appar ahus, copPri sing:
a diffraction grating for @it3r act °§ 1 9ser® béam Triomia

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.

6. An optical pickup as set forth in claim 4, 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, egual to or approximately equal to a {m + 1/2) times of

the pitch of said track or said track guide groove.

7. An optical pickup as set forth in claims 4, 5, or 6
wherein said wave front aberration is the coma aberration

generated at a transparency substrate of said optical disk.

8. A tilt detection 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;



| aser to generate a Oth order diffraction beam and +-first oB8dargust 2004
diffraction beans; 74 3 August 2004 amdobjective lens for collecting said
Oth order diffraction beamand +--first order diffraction beans and
exposing the beans to the optical disk on which track guide grooves are
formed; a generating circuit for generating push-pull signals of said

+-first order g foB?é@\Ei\Q{l 1keanBof efdigetethgtsSal drapdical  disk; and a
detection circuit for detecting a tilt of said optical disk based on the

sum of thg Auabe DAY loeandBAN S+ r321 Prdesf iditlera0F o vdihfracd i on beans, and
wherein each of said +-first order diffraction beans exposed to said

opti cal %?659ﬁ§ e Rhasec disld LREL LD Squabnt g n tSHPRtAMdAl |y equal to
t he phase stribution due to the wave front aberration generated on said

opti cal qh§%v@@egréa&gmegptlcal disk is tilted, wherein; said phase
di stributlon of one of sald +--first order dlffractlon beans is a phase

di stribution qengratedwhen the. i tend. ok consaheh aabbas i sk i a

positive constant angle sal ase |str|but|on anot of said +-

first or q‘)% d dﬁ' Hf@lg r%@ %&c%&@np@% @e%&é!:pég aCEnsgje.r_ri]ec#?cltl%leen the

tilting ang said negat i ve const ant
disk; and

a detection circuit for detecting a tilt ¢f said optical
disk based on the sum of the push-pull signals of said +-first
order diffraction beams, and wherein

each of said +-first order diffraction beams expocsed to
said optical disk has the phase distribution equal to or
substantially equal teo the phase distribution due to the wave
front aberration generated on said optical disk when said
optical disk is tilted, wherein;

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

tilting angle of said optical disk is a negative constant angle.

9. A tilt detection apparatus as set forth in claim 8,

wherein;



9. Atilt detection apparatus as set forth in claim8, whereBrAugistZ0August
2004 said objective lens collects sai®Oth order diffraction beam and
exposes it to the track of said optical disk, and a distance fromthe
center part of the optical spot of said Oth order diffraction beamto the
center part of the optical spot of said +-first order diffraction beans in

the di sk radisliddbp&dtionR hensWENRRsi SaAd duit 8988r of; (3 rakcIBE e, equal
to or approximtely equal to a (n/2 + 1/4) times of the pitch of said

track or pxahdahéaCkdisder HOWR. t10ck A ishl adetecddi0n: appadf us as set
forth in claim9 or 9, further conprising a photodetector, and wherein,;

sai d phot odet CtQE+ GRAP#:3&S the Ainte8CBL Y NGk Rkt bPPS-d10pok €6£1 Vi NG each
of said +-first order diffraction beans reflected "~ at said optical disk,

and each ofi 5satd $iddit qh @RI NG BOLLI Q)Snel Seflldd 480+ Prtiig direction in
response to the track direction on said optical disk, and said generating

circuit %Q&eﬁpéﬂﬂ%fpgﬁba P#Jﬂj]rgitggééér in.fg%?%:g' G WehRb Qrdefe qiffraction

beans based on the out put signa rom sai ght recelving poriions of

Sald Photagghechftectibn Bt e ehool | A0 RAGERIE RS- ORLL OfianT ANy one

of clains 0 ther conprising an actuator for noving
obj ective | %Qsabﬁké4¥%aqgf§ equal to a (n/2 + 1/4) times of the pitch of

said track or said track guide groove.

10. A tilt detection apparatus as set forth in claim 9 or 9,
further comprising

a photodetector, and wherein;

said photodetector comprises light receiving portions for
receiving each of said +-first order diffraction beams reflected
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, and

said generating circuit generates the push-pull signals of
said +-first order diffraction beams based on the output signals

from said light receiving portions of said photodetector.

11. A tilt detection apparatus as set forth in any one of
claims 8 to 10, further comprising

an actuator for moving said objective lens in the disk
radial direction in response to an eccentricity of said optical

disk; and



radial direction in response to an eccentricity of said opti 8alugudi 24 and
76 3 August 2004 a position sensor forffdetecting the quantity of novenent

or the quantity of change of said objective |lens, and wherein said

detection circuit generates an eccentricity signal in response to the

di sk based on said quantity of novenent or
the quantity of pehangen daipeiredobydsRicdingosid i@AnNSERP ST addeflehecting a
tilt of said optical disk based on the deference between the sum of the

eccentricity of said optical

push- pul lositgeaksa@fitysdifdcraddd if ok d@rowiclchn agtian beagswadetisai d

eccentricity signal. 12. Atilt detection apparatus, conprising: a first

diffraction grafilingetott i fhiachi Gehrases Deamcchtpay asghal oigenerate
a main | aser beamincluding a Oth order diffraction beamand first and
second sub.dR88E PSR !e@EleHgiirkg__ttyoeg f i arofolhieh e vdkEaractd.an beans;
second diffraction grating for diff I

R Byl 8B efovinbhE a6t I1afe BeaminFiMdicngnge JMRcPEdEry didfifraction
hird and forth sub laser " diffraction beans includi'ng one of

+-first qrdes;dhf{Lach QR HEAIE: ;330 d {1 3Gt k0gq S chh T §1s@ghssgcond sub

generate first and second sub [ aser diffraction beans

I ncl udi N%n 3nQt Be BL SN dLEELAGH 1190 BEAM : 3N OB ELIME 8hRafOrocOl | ecting

said nmain

gener at e
beam and

| aser beans to

racting said main aser beamto

aser

said +-first order diffraction beams and said eccentricity

signal.

12. A tilt detection apparatus, comprising:

a first diffraction grating for diffracting a laser beam
from a2 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 diffraction grating for diffracting said main
laser beam to generate a main laser diffraction beam including a
0th order diffracticn 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 and second sub laser diffraction beams including
a Oth order diffraction beam;

an objective lens for collecting said main laser
diffraction beam and sald first to forth sub laser diffraction
beams and exposing the beams to an optical disk on which track

guide grooves are formed;

a



diffraction beamand said first to forth sub |l aser diffracti driuguetifi¥4and
exposing the beans to an optical disk76n which track guide grooves are
formed; 77 3 August 2004 a generating circuit for generating push-pull
signals of said main |laser diffraction beamand said first to forth sub
| aser diffraction beans reflected at said optical disk; and a detection

circuit for gengeabifgidy Q¢eaNtrF& tg\éns,h:gﬂﬂh ﬁu@hl’—ﬁﬁppfb'i%n?ﬂst@ﬁ .
eccentricity of said optical disk based on e push-pul | signals of said

mai n | asefaidi hhiAciir Beam and onS8kntdid dsa@edfif&ﬂ hoswbrimsar, diffraction
beans and detecting a tilt of said optical disk based on the deference

bet ween tl@%e%“&lfPEactt*l%anéifknsOlﬁéflél:gQ@'aSt Qhigabg fdstigrd sfeond sub
| aser diffraction beans and said eccentricity signal, and wherein each of

sai d first and sgeepd; Suk.ilaser £ fgre@x%‘i:hgiln&m@@%m%ﬁ@yt Q;§@id opti cal
di sk. has the phase distribution equa to or substantially equal to the

phase di tnr . \Mf%bz%'e due ha Lh éﬁﬁ’%‘% {,rgptsaqlgle%@;éé)ln Hspepal&d Qn said

opti cal en said optica is tilted. 13. Atilt detectlon

appar at Usc EE dr]ﬁﬂlt@ Haféa%f“s]a%d yhereldly §akf. 1‘8ﬁtb %f'&s col I ects

said naln rac 1 on ean1an exposes It to e trac said

opti cal ﬁé % A0 ]?afnq{ $hepge Jﬂ qré‘s%@t ﬂfﬁﬁaecruBﬁrﬁe%{ 0%@&@8&4&‘%‘@39“ of

sai d mai aser raction ean1to e center

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 egual to the phase distribution due to the wave
front aberration generated on said optical disk when said

optical disk is tilted.

13. A tilt detection apparatus as set forth in claim 12,
wherein;

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 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/2 + 1/4)

times of the pitch of said track or said track guide groove.



optical spot of said first and second sub | aser diffraction 3baaumst1004t he
disk radial direction is, where nis & integer of 0 or- nore, equal to or
approximately equal to a (n/2 + 1/4) times of the pitch of said track or
said track guide groove. 78 3 August 2004 14. A tilt detection apparatus as
set forth in claim12, wherein a distance fromthe center part of the
optical spot of said nmain |laser diffraction beamto the center part of the
optical spot of said third and fourth sub |l aser diffraction beans in the

di sk radizal. dig @GtkOfetSot IWREBpPA FS0 RN alsNbePefordh On OTaiidre, equal to or
approximately equal to a (m+ 1/2) tinmes of the pitch of said track or

sai d tragkhequdides WA celdrom dHd teASt£G1d:QN o@PPRY &IPS cAS S8dc f@rth in
claim12, 13 or 14 wherein; said phase distribution of one of. said first

or second;gubmalAselsH b FacidOnbeamR {5 hPbaaeedigldtl Butian generated
when the tilting angle of said optical disk is a positive constant angle,

and sai d hasg disdd IuELeR ol anahlekfcrsahd LLESt Alrrsgcond, sub |aser

diffracti on beanms Is a phase distribution generated when the tilting angle

of sai d qnLigal, dissk dis A, E0A (G e 0T AN ADALE-5olGn AnLiddr dat goti on

apparatus as set torth in any one o alms 12 to 15, further conprising a
phOtOdet%ﬁ;gkre?qgmﬂﬁ?%%lQi approximately equal to a {(m + 1/2) times of

the pitch of said track or said track guide groove.

15, A tilt detection apparatus as set forth in claim 12, 13 or
14 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

sald 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.

16. B tilt detection apparatus as set forth in any one of
claims 12 to 15, further comprising

a photodetector, and wherein;

said photodetector comprises light receiving portions for
receiving each of said main laser diffraction beam and said

first to fourth sub laser diffraction beams reflected at said



sai d phot odetector conprises |light receiving portions for récdeigmstizfidach
of said main |aser diffraction beamaf® said first to fourth sub |aser
diffraction beans reflected at said 79 3 August 2004 optical disk, and each
of said light receiving portions is divided in the direction in response
to the track direction on said optical disk, and said generating circuit

gener at egpithea pusisipulhast gnalox @Eldsﬁigiﬂﬂ@e'&eha gdrkibagtipn beam and
said first to fourth sub laser diffraction beans based on the output

signal s iQAusa@l th dHe0bl r&ECRINVIIRIrPOpdA QNS Otns A chdihat pdet 5t @ 17. A
tilt detection nethod conprising the steps of: diffracting a |laser beamto

generat e 3@t hpordar @iskfracii on beam and +-first order diffraction beanms
and exposing sald generated Oth order diffraction beamand +-first order

di ffraction begng 5911@{5&%' eﬂcﬂékge%r%émﬂeheugﬁaﬁ&u gyigde; gropves are
formed; generating push-pull signals of said +-first order “diffraction

beams T ef a%‘&t ﬁQn‘?t R dg9p£al; Al EEamﬁis}ﬁj_ qu‘[EestﬂQ ttoh%?nt.lféﬁ 5Q1fb sai d

opti cal ase on the sumof the p signals of said +-first

order di fra agt hone, heatm, pand. whers! oy earh At psel darhiyr sto s

dlffractlon eans r ected at said optical disk the phase

di stri buti §gtegggél‘;l%gogor§ ubst ant i Q}Léyphoqc%%letggugpe phase di stribution due
to the

17. A tilt detection method comprising the steps of:

diffracting a laser beam to generate a 0Oth order
diffraction beam and +-first order diffraction beams and
exposing said generated 0th 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 said optical disk; and

detecting the tilt of said optical disk based on 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 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, wherein;

said phase distribution of one of said +- first order

diffraction beams is a phase distribution generated when the



front aberration generated on said optical disk when said opftAugabt200dk is
tilted, wherein; said phase distribut8®en of one of said +- first order
diffraction beans is a phase distribution generated when the 80 3 August
2004 tilting angle of said optical disk is a positive constant angle, and
sai d phase distribution of another of said +- first order diffraction

beans is & RRages S lebUki Qo Aanenakesk when bBQ1t£¢é‘8099t§HQ'éhdﬁ said
optical disk IS a negative constant angle. 18. Atilt detection net hod as

set forthj4y claim17, whérein;, said exposing step has the steps of
collecting said Oh order diffraction beam and +-first order diffraction

bearms and exrt%% ghgééddl@,t&lgw%nddff BéﬁﬂéP%P%%gPtQ—tﬂersttr%‘E{ﬁePf sai d

optical disk, I stance fromthe center part he optical spot of

sai d Othcﬂrf‘}%cgi&ﬁ ;00 beapta Lie, £f E_tr npgéﬁ e td]hﬁgex(?péﬂeca' spot of

said +-first or | ractro eans In t Irection is,

where n 'tff)ﬁ'in%;reéﬁcgfer t‘}f SQM?C%HH;C%CL 89&:‘1@'15 2 naga iR %hg@éﬁty yal to a

(n/2 + sal d track sald track gui e gr oove.
19. Atilt detection nethod as set forth in claim17 or 18, further
conprising the step of generating an eccentricity signal in response to

the eccer¥éw Clt%uﬂf aa%ecé¥§£|%thgg as s%@dfg{t 1n claim 17, wherein;

said exposing step has the steps of collecting said 0th
order diffraction beam and +-first order diffraction beams and
exposing said Oth order diffraction beam 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 center part of the
optical spot of said +-first oxrder diffraction beams in the disk
radial direction is, where n is an integer ¢f 0 or more, egual
to or approximately equal to a (n/2 + 1/4) times of the pitch of

said track or said track guide groove.

19. A tilt detection method as set forth in claim 17 or 18,
further comprising

the step of generating an eccentricity signal in response
to the eccentricity of said optical disk, and wherein

said detecting step has a step of detecting the tilt of
said optical disk based on the difference between the sum of the
push-pull signals of said +-first order diffraction beams and

said eccentricity signal.



said detecting step has a step of detecting the tilt of sai @ Amusical04di sk
based on the difference between the s@m of the push-pull signals of said
+-first order diffraction beans and said eccentricity signal. 81 3 August
2004 20. Atilt detection nmethod, conprising the steps of: diffracting the
| aser beamto generate a main | aser beamincluding a Oth order diffraction
beam and first and second sub | aser beans including one of +-first order
diffraction beans; diffracting said main |aser beamto generate a nain

| aser diffg.actd Ct'll'@eaéftéa@o%din@gh@d,Otcfa)mﬁlf:ﬂ@{%@“tfh%f getponpeam and third
and fourth sub laser diffraction beans i1 ncluding one of +- first order

diffraction begn andi g ffH-26h588 K@i thi fSte NG SREONA 3L Laggr beans to
generate first and second sub laser diffraction beans including a Oth

order di fffackigy DaRM LUPPSAE SRL IR 388" £ 14 LAGt Led.heam,and said
first to fourth sub laser diffraction beans to an optical disk on which

track guidegraoyes alA oL geste 92NRLALiNg RUSh- Rt 50903l S.9fs;sai d main

| aser diffraction beamand said first to fourth sub | aser diffraction

bearrs 1 ef | ect ag at,5ai d AiCab i e ANdafeNeALENg: 8% SEAENTLLELLY i gnal

in response to the eccentricity of said optic based on 't
Pt B LA For ecBolfl T B0 ShA ek Lopu LR gudogls, (1 e

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
diffraction beams including a 0th order diffraction beam;

exposing said main laser diffraction beam and said first
to fourth sub 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 sub laser diffracticn
beams reflected at said optical disk; and

generating an eccentricity signal in response to the
eccentricity of said optical disk based on the push-pull signals
of saild main laser diffraction beam and said third and fourth
sub laser diffraction beams and detecting a tilt of said optical
disk based on the deference between the sum ¢f the push-pull
signals of said first and second sub laser diffraction beams and
said ecceﬁtricity signal, and wherein

each of said first and second sub laser diffraction beams

exposed to said optical disk has the phase distribution equal to



di sk based on the deference between the sum of the push-pul | 3 Aigysiad0d4of
said first and second sub | aser diffr&tion beans and said eccentricity
signal, and wherein each of said first and second sub | aser diffraction
beans exposed to said optical disk has the phase distribution equal to 82
3 August 2004 or substantially equal to the phase distribution due to the

wave front sabecaatianygenesntied to8 pRask elskeabuti&k dohedo said wa@pt i cal
disk is tilted, wherein; said phase distribution of one said first or

second sufrontaapergifionagthorathenns ssid@ qprasel disin ibdhi gaigener ated when
the tilting angle of said optical disk is a positive constant angle, and

sai d phassidicatr dbsst iion 0l tamotirre@h; said first or second sub |aser
diffraction beanms is a phase distribution generated when the tilting angle

of said opticalaidi pkab& & J19G8LLVEL FOBSEASL; ANAGr Q- seddhidl tuet ection
met hod as set forth in claim20, wherein; said exposing step has a step of

col l'ecti mgs3ai di FREdLtid8eheshd firaat hRRs AN NG S8 ehbshtd® JrRUrth sub
| aser diffraction beans and exposing said main |aser diffraction beans to

the trackuf t3atthoridfaal ofi skia 3pd;aa i $ilanes Lromithe.cepi &l part of the
optical spot of said nmain laser diffraction beamto the center part of the

optical spheof,sgid first and second sub |aser diffraction

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.

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

said exposing step has a step of collecting said main
laser diffraction beam and said first to fourth sub laser
diffraction beams and exposing said main laser diffraction beamns
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 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/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, wherein

a distance from the center part of the optical spot of said



beans in the disk radial direction is, where n is an integer 3cfughsaz00dor e,
equal to or approximately equal to a §n/2 + 1/4) tinmes of the pitch of
said track or said track guide groove. 22. Atilt detection nethod as set
forth in claim?20, wherein a distance fromthe center part of the optical
spot of said 83 3 August 2004 main laser diffraction beamto the center

art of the:optijcal 4: f.saiLd third_.a ubr l.aser.  di action
Eeams in {H leI(PIol |s%% ?égf)%c%ogleg%%%nﬁq st?iev\ﬁelgngéy _thr§ (pf G Opg%%ﬁ

en mils an I nteger 0 or nore,

equal to or_approxi, ely.'equal ta a + 1/2), tines. of .the itch of said
Craok or ShofRlY BUEte e Sl kol i dadt Wi e QBRI O Hodfis, a6l
conpri si ng; an optical pickup.for diffracting a |laser beamfroma | aser,

gener at i g3 AT 1GA A8+ FiOPac B oM e Imt and” +¥5eF8E ofF dbrer BPFfracti on
beans having the phase distribution equal to or approximately equal to the
phase di segidlutticogrdarrrerimasendveaualr gat 2 abert dVeonttesawfophecal di sk
when the optical disk is titled, exposing the Oth order diffraction beam
and +-firpitcloradesadiffrat iconsbednsraicd trhideptriooak . di sk, and recei ving
reflected beans of said exposed beans fromthe 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 beans
of at |east. saindoptidal siisar dppahthisr, acbiori dieans; a tilt detection circuit
for detecting the tilt of the
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 generation circuit for generating push-pull
signals of said received reflected beams of 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.



optical disk based on the sum of said generated push-pull si3ghglst 20f04sai d
+-first order diffraction beans; and &8tilt correction portion for
correcting the tilt of the optical disk in response to said detected tilt.
84 3 August 2004 24. Atilt detection apparatus for use in an optical

pi ckup, detection nmeans operable to detect a tilt of an optical disc

accordi ng 4.0 the et Hok Qfi ANYpENE Qs ¢hal i Lh bR Sfeicda. phBKGPLI cal
pi ckup according to any one of claims 1 to 7 or apparatus accor di ng to any

one of claitEet8oh dnekhsObpdBaind 24 detd i tNQG ) EOTPTdSioRY; 8a] apelc for
outputting a |l aser beam 3 August 2004 -85 OPTI CAL PI CKUP, TILT DETECTI ON

APPARATUS o LT, DETECTLON MR AND SRITIGAL DL APRARATUS ABSTRACT OF THE
DI SCLOSURE A t| detection apparatus capable of detecting the tilt of the
optical disk, provided with a laser for outputting a | aser beam a

di ffraction grati ng for diffracting the Iaser beam from said | aser to
generate Oty fii t +-first -0 rdif ti.on beans
whi ch hav% the ph g%dps‘{ rclrk% t%‘gﬁoﬁaﬁﬁg itk oar% re B aéga% Sstlrlf:%ﬁefldorﬁ due to
t he wave ber r n ra tic K opti cal

i i alplp%tr 535 h dg % ngg?ogpc% g‘%t?ngo Slgl:é tdi fahd 2

disk is an obj ect fTacti én

further comprising a laser for outputting a laser beam.



beans and exposing the beans to the optical disk, a photodedeEizypt 2094
generating signals corresponding to said +-first order diffraction beans
reflected at said optical disk, a signal generation circuit for generating
t he push-pull signals based on the ge%grated signals, and a tilt detection
circuit for detecting the tilt of thé® optical disk based on the push-pul
signals. Figure 10 '

OPTICAL PICKUP, TILT DETECTION APPARATUS, TILT DETECTION

METHOD AND OPTTCAT, DISK APPARATUS

ABSTRACT OF THE DISCLOSURE

A tilt detection apparatus capable of detecting the
ﬁilt of the optical disk, provided wiﬁh a laser for
outputting a laser beam; a diffraction grating for
diffracting the lase% beam from said laser t; generate a
Oth order diffraction beam and +-first order diffraction
beams which have the phase distribution equal to the
phase distribution due to the wave front aberration
generated on an optical.disk when the optical disk is
rtiltéd, an objective lens for collecting said diffraction
beams and exposing the beams to the optical disk, a
?ﬁotpdetector for generating signals qorrespondiﬁg to
said +-first order diffraction beamns reflécted at said
oﬁtical disk, a signal generation circuit for generating
the push-pull signals b;sed on the generated signals, and
a tilt detection circuit for det9ctin§ the tilt of the

optical disk based on the push-pull signals.

Figure 10



