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3 August 2004 OPTICAL PICKUP, TILT DETECTI ON APPARATUS TI LT, RERWGEH 10¢4
METHOD 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

optical disk d l.Qrat] ' | j t f JRCOoF
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For correcting the til E §§ Sgg gpg : ,][:ﬁlmﬂigfs i;iipﬁ,m,@ﬁgssary to detect the

tilt of the optical di & nse to the tilt. An
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 liquid 3 August 2004 2 crystal panel in response to
t he thickness &r t Feald hghmginrgition

The present invention relates to an optical

pickup for exposing a laser beam passed through a
diffraction grating to an optical disk, a tilt detection
apparatus, a tilt detection method 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



the liquid crystal panel. Further, it is disclosed that a til3tAsgRE2004
detects the tilting angle and a liquid crystal panel control circuit
drives the |liquid crystal panel to change the refractive 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 disk, a point to which the |aser beamis 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. SUMVARY OF THE | NVENTI ON

An obj ectr,Ql§ e IeSent  LOVEN kN cha 10 AAUdE, agtd I det egiian oc

appar at us~an etection nmet hod capa etecting at of an

optical disk, {#%gﬂ%%F%ES%Lngﬂ obj ect of the present invention is to

provide an o applicable in said tilt detection apparatus.

Further, stilgl, another. gy gole pl.dhe resenty | uention i s, 0 ,provi de an
optical disk apparatus. Th oné aspect, t fie présent i nvention provides an
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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



optical disk is tilted; an objective lens for collecting said Adust Dugder
diffraction beam and sa|d +-first order diffraction beans and exposing the
beans to the optical disk on which track guide grooves are fornmed; and a
phot odet ector for generating signals éorresponding to said +first order
diffraction beans reflected at said optical disk, 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 sad +- first
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opti cal dISk is qﬁtlve constant angle, _ .
exp031ng t 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



In yet anot her exanple enbodi nent, the optical pickup further3 Acgnp2d®es 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 quantity of novenent ‘or the quantity of change of said
objective lens in the disk radial direction. In another aspect, the present
i nvention provides an optical pickup conprising: a first diffraction
grating for diffracting a laser beamfroma |laser to generate a main |aser
beamincluding a Oth order diffraction beamand first and second sub | aser
beans ingl udiB0QNE o@fastabisst, order diffracti on beans, a second
diffraction grating for iffracting said main | aser beamto generate a
main laser  dif fraehlon Aram idebudhd  asfih pnderqdidtracidopeb nd
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yeg another example emboé%ment, the opt£ka p?ckup further

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



said optical disk when said optical disk is tilted; said phaseAugust2004
distribution of one said first or second sub |aser diffraction beans is a
phase distribution generated when the t||t|ng angl e of said optical disk
is a positive constant angle, 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 one exanple enbodi ment, said objective lens collects
said nmain |aser diffraction beam and exposes it to the track of said
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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



anot her of said first or second sub | aser diffraction beans i3sAaguspli&e

di stribution generated when the tilting angle of said optical disk is a
negative constant angle. In another exanple enbodi ment, said photodetector
conprises light receiving portions f of receiving each of said main |aser
diffraction beamand said first to fourth sub | aser diffraction beans
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 exanple enbodi nent, the second optical pickup

accordi ng a;hherfnes.ntai 8venidioduiborq @@l e, it may be made the
configuration which said wave front aberratlon is the coma aberration 3

August 2004 7%,0gREERL £h:lnpdel EANSPRGRCY 2 SHRST n%feef% sgid apiLgal disk.
I n anot her aspect, the present invention provides a PTt  detection
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a laser 'to generate a O h order diffraction beam an Irst or
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phase distri Q%t§89 aégg%er 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



or substantially equal to the phase distribution due to the WoAwegusf 2@Ht
aberration generated on said optical disk when said optical 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 distribution of
anot her 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 objective lens collects

said  Odenrgdesy Gicf b1 agdds Qr%ﬁﬁmsﬁﬂgt%o§§ssaiitd Bgtiézﬁ hrgek of said 3

August 2004 8 optical disk, a distance fromthe center part of the
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di stribution of one +--FTirst order di actron beans 1's a phase
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positive constant "an sai d phase stributi’on ot anot her sai d
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tilting -angl e of sai d optical di sk is _ Mn yet
anot her SxaIpLe. bRl it Lhe i L dehegtiion, 3PRRY aLys, fuitper comprises
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



conprises light receiving portions for receiving each of sai & Augfsi 2804
order diffraction beans 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 afd said generating circuit generates
the push-pull signals of said +-first order diffraction beans based on the
output signals fromsaid light receiving portions of said photodetector.

I n anot her exanpl e enbodinent, the tilt detection apparatus 3 August 2004 9
further conprises an actuator for noving said objective lens in the disk
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the present_jnventi provides a tilt. .detection apparat.ys,conoprising: a
first di%?rf t?%fé ?xgrr]ntaﬁg:gg}fien%a?ogo adi(fl(%aqétli/% glril%ssé)? g@%rﬁlf%rcgmo Faser to
generat%racgaip ggﬁfgrbegn1in Iuding a Oth order diffraction beam and first

and second sub’ |'d8er “TBeans 1 TcFGaPRG one of +-first order diffraction
bearms, a secqnd d'gfr%gthpp grating for diffracting ,said main | aser beam
to generate & ﬁﬁ?lﬁ PaserELFf ?@%‘E&g‘ﬁ“%eaﬁ?fﬂcﬁl?cﬁenglﬁtﬁwtd?&ePf one
dlffrac%koga?gaﬂlfirst 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



and third and fourth sub laser diffraction beans including orfeAadust20(i r st
order diffraction beans and diffracting said first and second sub |aser
beans to generate first and second sub |aser diffraction beans including a
Oth order diffracti on beam an objective lens for collecting said nain

| aser diffraction beamand said first to fourth sub laser diffraction
beans and exposing the beans to an optical disk 3 August 2004 10 on which
track guide grooves are forned, a generating circuit for generating
push-pul |l signals of said main |aser diffraction beamand said first to

fourth subchasebmdii{ddaghi o fearsréLlilschedAl saidrioptical :di k. and a
detection circuit for generating an eccentricity Signal in response to the

eccent rigikkyrofi gabgd-antibeal, dicskopased, an eéc@?tgyéﬂfypldkl %asj;cgggi‘fcﬂf sai d

main | aser diffraction beamand said third an ourth su
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of said tirst and secon raction beans expos 0 said
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t he phase ue to ron rati oh generated on said

optical _di id.qgpti.cal .dis s tilted..ln one.exanpl e enbodi ment,
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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



radial direction is, where nis an integer of 0 or nore, equdlAwgsbr004
approximately equal to a (n/2 + 1/4) tinmes of the pitch of said track or
said track guide groove. In another exanple enbodiment, a distance fromthe
center part 3 August 2004 11 of the optical spot of sald mai n | aser
diffraction beamto the center part of the optical spots of said third and
fourth sub laser diffraction beans in the disk radial direction is, when m
is an integer of O or nore, 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
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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



beans based on the output signals fromsaid |ight receiving 3pbuwgusd2@dof
sai d photodetector. 3 August 2004 12 In another aspect, the present
invention provides a tilt detection nmethod conprising the steps of:
diffracting a |l aser beam to generate d Oth order diffracti on beam and
+-first order diffraction beans and exposing said generated O h order
diffraction beamand +-first order diffraction beans to an optical disk on
whi ch the track gui de grooves are formed/ generating push- pull signals of
said +-first order diffraction beans reflected at said optical disk and

detecti ng the dddita@fsiAl gfoﬂjjdcﬁ\girgil%léep%ﬁf%raggiérh%eéfd é)g:fhghge%g:h' pul |
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angl e of sard optica a positi consta phase
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phase distribution genéra et i Nng ang

is a negative c tant.angle. In one exanpl e enbadi ment, said exposing step
has t hegfst epg[n 8&@&#8%{ %ﬁ‘ﬁmga? ae“&toﬁll%?_ er Saﬁa})&fﬁ% 31;%36513?#_ Prirst
he tradk oP 'saT e dptebar o Sie PantP AL eh St AHGETRF iR e Banters paree

the track ofs3
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.



3 August 2004 13 of the optical spot of said Oth order diffradchugst2¥dmto
the center part of the optical spot of said +-first order diffraction
beans in the disk radial directionis, where nis an integer of O or nore,
equal to or approximately equal to a (%HZ + 1/4) tinmes of the pitch of
said track or said track guide groove. In another exanple enbodi nent, 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

sai d +-first ﬁfggbtﬁeffarsgfe@tonti@@mge%ta iRPaE S BLELPdd an csggnerat ed

when the tilting angle o aid optical disk is a négative “constant angl e.

In yet anQlLhes exaHsa eshgd] M8 crtherddd tofdeh%ﬂ@&ﬁm%t hod, s urdgr

conprises the step of generating an eccentricity signa response to the

Socent ) Gn8tahal f RRLbeale 1ok o00f FHARIESOL IG5 BPuliRS 2 5t e of

detecting t of sald optlca base on the erence between
the sum %f&ggtﬂ%§HxEHE|an§' ging Fg d +e25tgg 8rdercp|ffract|on beans

and sai eccentr|C|ty si'g &r “aspect, the present |nvent|on
provi des, I tion ne ri e s of: diffracti
| aser bea%FE? El%%gﬁégb agna|£ g%éF eaﬁ%?%%‘gﬂ1ng a%ﬁrF%Fﬁprgi?? actlon

+
bean]anQMkkr%% wn1c§QﬁPnQrggQ QUIé% g?ggggslg¥g %gkggdngngiatlgérSt 3 August
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pull signals of said +—first order diffraction beams reflected 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



order diffraction beans, diffracting said main | aser beam to 3 4yegust 2004 a
mai n | aser diffraction beamincluding a Oth order diffraction beam and
third and fourth sub | aser diffraction beans including one of +-first order
diffraction beanms and diffracting said first and second sub | aser beams to
generate first and second sub laser diffraction beans including a Oth
order diffraction beam exposing said main |aser diffraction beamand said
first to fourth sub laser diffraction beans to an optical disk on which
track guide grooves are forned, generating push-pull signals of said main

laser dif fehacbpefchrapoand ssah th fivisbrherf@uFih $Ybn! Bsar ¥ fheaction
beans reflected at said optical disk, and generating an eccentricity

signal ddhk@SPIPEeyf A HeNBpEECENtIoti bY Ofi $al¢; PP | dj %aéﬁ on the
oush. pulTe St onalesof eard Rer o sk bY L PALa0p | dites (B Er AR

ird and
fourth sysaserygl fdilacthom Pears -an ndfg,e%}ea?s a id 'a}?

of, 1 d ,optical
di sk based on the deference between the sum of the pus -qu?gésfbngls of

said first and sesend 3u,! oggimgtéf‘ﬂ%c@%lgﬁgng gxﬁ‘/dz 35’“124) CEM& of

eccentricity signal, and each of sai econd su | aser

diffracgﬁgnpgg (ﬂgggq?egr£8{§giga9 L%&%h%§%§5%2§%0§he phase distribution

equal to or stantrally equal to ©I'bution due to the wave

front aberratio rate n said,. optical.disk when sai.d aoptical disk is
e oar d nasdeRRL MrRRR AR uahy cBrid sl 87- S8R, 67 ot

diffractjon _beaps_is_.a phase,. distribution generated when the tilting angle
of said °§8f‘3ﬁ‘é§| Hslls & g@%e u%luésjftrafﬁéﬁnlgeaé“ 0dSi fi V&t ERt P Eng%e, and

ot s a B e nolng L dhEndle o3768id IR §EGONG guP Taser
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



di stribution generated when the tilting angle of said optical® Augigt 24 a
negati ve constant angle. In one exanple enbodi nent, said exposing step has
a step of collecting said nain |aser diffraction beamand said first to
fourth sub laser diffraction beans ard exposing said main | aser
diffraction beamto the track of said optical disk, and a distance from
the center part of the optical spot of said main |aser diffraction beamto
the center part of the optical spot of said first and second sub | aser
diffraction beans in the disk radial direction is, where n is an integer

of 0 or Jrakee edtdtadt ol bafid OdiatelyimAdakatmid (Bs&r bebkdlo tines of the
pitch of said track or said track gui de groove. |In another exanple

enbodi NgRheracdistangerdsamat Re-sent Bl vRant inOfudiRg 9PbicdYrgspot of said
main |aser diffraction beamto the center part of 'the optical spot of said

third and sflrouEt fosWRahaarh cidiff bagt FOn-Beams {fdhedeskdadi alagirection

is, when mis an integer of O or nore, equal to or approximtely equal to

a (M + 12) uathdRheObet Rer PILCR Ob SA] e td AGKN O SR A bl BEKE Q44§ 0T OOVe.
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In yet anot her ‘exanpl e enbodi nent, sal ase distribution o of said
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generated when the tilting angl e of sal positrve
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ano aspec e present 1 nven
opti cal laser diffraction beams to an optical disk on which trac

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



di sk apparatus conprising: an optical pickup for diffracting3aAtguse?004peam
froma |l aser, generating a Oth order diffraction beamand +-first order
diffraction beanms having the phase distribution equal to or approximtely
equal to the phase distribution due to°he wave front aberration of an
optical disk when the optical disk is tilted, exposing the Oth order
diffraction beamand +-first order diffraction beans having the phase

di stribution equal to or approximtely equal to the phase distribution due
to the wave front aberration of an optical disk when the optical disk is

tilted, £xposiing EHSQLR ey 8 ffnactian heamiand:ds foiffr §1I10191§gec5f

diffraction beans to the optical disk, and receiving reflected beans of

sai d_expasadeNeAns, Sk NGy, QLECAirciok dhondanerate glgnal s 1n response

to each of the reflect signals, a signal generation circuit for

generat ifige PHAIBH dorRl:0Pad Sincff 1i3fled1 £ BRPIAELL 1T LOPd B PeaImyef AL | east

said +-first or raction beans, detection circuit
detecting £ h tical disk based on the sum of said generated
push- pul n%%gﬁ%ksgoﬁ%xg%iﬁp+??irst order diffraction beans, and a tilt
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of 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



one of the +--primary diffraction beans becones the nmaxi mum viahugisabood he
certain tilt angle (0) and the push-pull signal of another of the

+-primary diffraction beans beconmes the mininmumvalue at the certain tilt
angl e(-0). By obtaining an additional $ignal as the result of addition of
the push-pull signals of the +-primary diffraction beans, the value of the
additional signal can be nmade O 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

det ect abl.g 4by; tdie o @dgéédneneubIsllagseeldlﬂf}aee%h%reaﬁéal@'e {qodi ment, the

first and second sub laser diffraction beans generated y the flrst and

second Q:l fsft 9191311.1% g%@at@gspﬁ@v%h Jéftl%.glgt LR Jré %lft a(l)ﬂ{ %gyféal

substantlaIFy equal “to the I oh due wave ron

aberratip a L optical disk while the optical disk has a
tilt. 3 A&S %?ﬁgbéggﬁgﬂﬁy §|d phase di stribution, the push pul | signal of

one of the % %g Igég&tdiffglctlon beg econes
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aving 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 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.



the tilt angle of the optical disk is 00 and the synmetri cal3 Msulgist 2604al
signal corresponding to the positive and negative tilt angles can be
obtained, so that the tilt angle is detectable by the. additional signal.
BRI EF DESCRI PTI ON OF THE DRAW NGS Thes¥ and ot her obj ects and features of
the,pre sent invention will becone nore clearer from.the foll ow ng
description of the preferred enbodinents with reference to' the
acconpanyi ng drawi ngs, in which: Figures 1A and 1B are views for explaining
the relationship between the light intensity and the position of the

l'ight spot fofmed &hniie aRldGAbnEl Hhedfb @ InafX¥TRELactiBhOHESL2 1S @ View
of the characteristics showing the relationship between the tilting angle

in the dieskriadi 8y tb rGeon RRAgENEG RUMAL of BRaAUSAPH HucsbeNahR 1 0f the
+- first order diffraction beans; Figure 3 is a view for explaining the

interferenee RAIGUSEACRE e1R0phEiNA8S Al RYLAL &L YT BFe LG CPPRIL er

hol ogram t echnol ogy "as an exanple; Figures 4A and 4B are views of the

cont | guraleh g 8f, qbAS &I LAGIOB01 Ak Bgsf QWIRA Lhe bt el ehepessd Li nges

shown in Fig. as an exanp Figure 51s emati C Vview 0 e

configurgtjon of

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.



t he optical pickup conprising the diffraction grating shown 3 Augdtisg30044A
and 4B; Figure 6 is a schematic view of the configuration of the |ight
receiving portion of the photodetector. shown in Fig. 55 Figure 7 is a view
for explaining the arrangenent of thé‘llght spots on the recording 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 angl esy whed ekl dihereas@en] Nend Haskididiesidiali 8¢ @xkSbs (1Rt rack
state) and is not exist (on track state); Figure 10 is a bl ock diagram

showi ng @Rksenhediseesid b {r0Rt F&alctdbs b RARBAEAHE s COPRh i LHe.opti cal
pi ckup shown in Fig. 5; 3 August 2004 -21 Figure 11 is a flowchart

showi ng dihendetaehi AN 1vethod fiey et %ﬁé';ﬂgsht G11 dilgnb® dhenbatialos
direction of the optical disk in the tilt detection apparatus of the
optical Gj.Sk;appanatus; Figure 12 is a view of the configuration of the
optical pickup formed by adding the diffraction grating



to the optical pickup; Figure 13 is a. view of the confi guratisugwf20ide
light receiving portion of the photodetector shown in Fig. 12; Figure 14
is a .view for explaining the arrangenent of the light spots on the
recordi ng plane of the optical disk; Figure 15 is a .view for explaining
the relationship between the tilt error signal TS and the tilting angle
when both the cases the tracking error 1% exi st (detrack state) and is not
exist (on track state); Figure 16 is a bl ock di agram show ng the
configuration of an enbodi ment of the optical disk apparatus conprising"
the opti cal spFerdpsshohdsen Rigfragtignd bRiaggr detpries &bl ovirghmm show ng
n the detection nethod for detecting the tilt in the radial direction of
the opticalvaisk #h the tertadst sdéilitoangdedrus By rhéaigdmican di sk
apparatus shown in Fig. 16. 3 August 2004 _22 DESCRI PTI ON OF THE PREFERRED
EVMBODI MENTS: ¢t eenall enpodinmeat thef rebulpr eferddirniomt iodn thid [pusie- :
explained with reference to the attached drawings. An optical disk
appar at us gamblaﬂgnabapofstheaﬁlrept aodl spiokudp adddltieatd @elaamer beam
out putted fromthe sem conductor |aser inside the optical pickup, and
exposes it tioetheloptdéfathdi s#ditional 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



Fig. 1A and 1B are views for explaining the relationship beBwesfust 2304 i ght
intensity and the position of the [ight spots formed on the optical disk
as an exanple. Fig. 1Ais a view for showing the relationship between the
light intensity and the position when the optical disk is not tilted (on
track state) as an exanple. Fig. 1Bis a view for explaining the

rel ati onshi p between the light intensit3-and the position when the opti cal
disk is tilted as an exanple. Wen the optical disk is tilted (inclined),
the intensity of the center of the light spots becones |ower and the

si der obe appesrges ncrheulatedngsingetheonompRerhbplodgant decheadlengs i ng of
the intensity of the center of the light spot, the anplitude of the
reproduci ngasi gmakxampte@sponse to the quantity of the reflected light is
decreased, and thus the quality of the signal nay deteriorates. This is
because, when thigleseribeamis4Pi kes widwiuglisth@004nf2gutrpinspardncy
substrate (disk substrate) of the tilted optical disk, the |aser beam
passed t hrotigh dhffricahspageatingubsimatiethe fheerfeeedicrg fpliages s
effected, the spatial phase distribution, for exanple the phase

di stributi ashskae i Fihe. VBVes fanéxaheleati on, and the collecting

performance of the |ight spot formed on the recording surface becones

| ower . Figure 5 is a schematic view of the configuration of
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 éf
the light spots on the.fecording ﬁlane<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 tiit error signal TS and the tilting angle
when both the cases the tracking error is exist (detrack
statg)'and is not exist (on track state);

Figure 10 is a block diagram showing an embodiment of

the optical disk apparatus comprising the optical pickup

shown in Fig. 5;



VWhen the phase distribution corresponding to the tilting angl3eaduiss2@i4ven
to one | aser beamin-advance, the phase distribution corresponding to the
tilting angle -e is given to another |aser beamin advance, and both the
| aser beans having equal light intensities, the reproduced push-pul
signals obtained fromeach of the |aser beans are shown by the
characteristic curves Aand B in Fig.*@? Then, by adding the both
reproduci ng push- pull signals to generate the sumsignal, the
characteristic curve becones (A+B), so that the tilt error signal in
response to theFigpsrs tbrishe f1ovTRg2aRgeRPWHRI pEBEt 9EeahdoRegat i ve can
be obtained. In the present enbodinent, to detect a tilt of an optical
di sk, the phatikodiforidetéonirgubhet bidk iapprexkadialydédyeatiep tiie phase
di stribution generated due to the tilt of the disk substrate in the disk
radi al di reeei apticahddesktbnt heel hiet deberbjonsapgarhbusdeff theti on
grating before the striking it to the optical 3 August 2004 - 24 disk. In
t he opti calowtikap disk heppatatesi;art, the Oth order diffraction beam and
the +-first order diffraction beans, generated by the |aser beam passed
through the diFffgwosih iy ad ividew ha etlze hoomfegeoasion sfibshantially
honogeneous phase distribution in a propagation direction. The Oth order
di ffracti oropearannsti ¢bep +fofmedtby 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.



order diffraction beans pass through the objective lens to floAsgmsneodwi n
| ight spot and two sub light spots on ,the optical disk at the sane tine.
On the other hand, by form ng the diffraction grating the specific
pattern, the Oth order diffracti on beam may have t he honpbgeneous phase and
the +-first order diffraction beans may be given the spatial phase.

di stributions generated 'when they pass?through the disk substrate tilting
in positive direction and negative direction. As the result, passing

t hrough the objective lens, one main |ight spot when the optical disk is
not tilted andESNORIEMBLOYHOF SPBE SPREEERRED BMBESDEOMEH®WSi al |y equal to the
case the positive and negative tilts exist, may be formed on the optical
di sk at the saneréfaeredicsmhodimapptyovfigthdepeosputeinhehageameidehnol ogy,
the interference fringes forned .on a screen by the |aser 3 August 2004 -25
beam stri king éhelstiednwitharéefghbnaagte and Aavhnpged dbawnggeeous phase
distribution and | aser beans striking the screen with the predeterm ned

angl e and di r ecd osptcal hei slboySph asels beaneFaYipgcbhiprhoepganeous phase
di stribution and having spatial phase distributions generated when they

pass throughptieadiskerubst s6t Bects! &I Dgsép Pesht buepdtteat FebmoOknBeEgati ve

direction, can )
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 optical 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



be obtained found by a conputer. Note that, the angle-and di regihrn26r4 t he
two | aser beans are matched to the angle and direction of the Oth order
diffraction beamand the +-first order diffraction beans after passing
through the diffraction grating in the case that the diffraction grating
I's mounted on the optical pickup. First, the phase distribution of the -
| aser beam passing through the tilted?di sk substrate is defined by the
equations. The description by pol ynom al devel opnment of the wave front
aberration is used for defining the equations. By the pol ynom al
devel opnenttrafinspgeannye sfubmiiratsheldiah ctubstra tonwefbeke atibreds ngj or
part of the wave front aberration generated by the tilting transparency
subst r at e. ogfdratihids skonehabdrasssd dreafe nas sedrigvsetglbythde fol | owi ng
equation (1), where x is a position in the disk 3 August 2004 -26 radi al
di recti on, tamchsgpmremntdyogois tredey dicndtle (sggordimndataheeds (normal i zed) by
the aperture radius on the aperture plane of the objective lens. W (X,Y)
2 ri WL 1xeff2at\iBix the? spdtiel? ghafEl xdi{tx2idnhich, fd) etamphe dbheve

equation (1) , W1 is a wave front

phase distribution due to the wave front aberration, and

the collecting performance of the light spot formed on

the recording surface becomes lower.

When the phasé‘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 laser beams having equal light intensities,-the

reproduced push-pull signals obtained from each of the

laser beams are shown by the characteristic curves A and

B in Fig. 2. Then, by adding the both reproducing push-

pull signals.to genexrate the sum signal, the

characteristic curve becomes (A+B), =zo that the tilt

error signal in response to the £ilts (oxr the tilting

. angle) of positive and negative can be obtained.
In the present embodiment, to detect a tilt of an

optical disk, the phase distribution equal to or

approximately equal to the phase distribution generated

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

direction is added to the laser beam by using the

diffraction grating before the striking it to the optical



coefficient for determning the position of the Iight spot flokomst2004t he
optical disk, and since it doesn't influence the shape of the light. spot,
any value can be chosen. Further, WB1 and Wbl are coma aberration
coefficients WB1 (X) and Wbl (?) standardi zed (normalized) by the |aser
beam wavel ength X, and each of themis shown in the follow ng equations (2)
and (3). WBi (A) =l (n2-1) n2tNA3sinectse } / {2A (n2-sin2e) 5/2} ...
(2) W1 (A ={ (n2-1) n2t NA5 (n4+3n2cos2e-5n2si n2e+4si n2e-sin49) sinecose
} / { 8X (n2-singe) 9/2 } ... (3) In the above equations (2) and (3), NAis
a nurericaldisberture of the objective lens, X is a wavel ength of the

| aser beamfromthe |light source, nis the reflective index of the disk
substrate, t isInhehe vrkiesl pickip Gf Agesteldbdd 2¥t, dibk Oubstrate, and
8 is thetilting angle indicating the tilt of the disk substrate. The

mat eri al of ctdher diski sabbicmtleess, ahdr theanpEerstherdekydafiforattdoand its
reflective index is about 1.5. To the | aser beam having the honpbgeneous
phase di stisédns | opendhecopddse thsetlabeti beanmipassétiethasaghbeam striking
with the tilt of direction P and the angle a to the |aser-beam having the

honmogeneousdphesect bt grdtinPn hiaGe cxphensgandyus heregupstantidllywhere x
Is a position in.the disk radial direction and the orthogonal
homogeneous phase distribution in a propagation
direction. The 0th ordér diffraction beam and the +~-first
order diffraction beams pass through the objective lens
- to form one main light spot and two sub light séots on
“the optical disk at the same timei |

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 beaﬁs may be given the spatial phase
distributions generafed'when they pass fhrough the disk
substrate tilting in_positiéé direction and negativé
direction;

As the result, passing through the objective lens,
one main light spot when the optical disk is not tilted
and
two-sub light spots equal to or substantiallf equal to
the case fhe 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



coordinate (x,y) standardized (normalized) by the aperture Bashigigt200@n the
aperture plane of the objective lens..Note, the tilt direction Ais O
degree in a radial direction (or 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)+W(x, *¥J) when X is a certain value and
the |aser beamw th the honobgeneous phase striking the screen vertically,
is calculated. Fig. 3 is a view for explaining the interference fringes
cal cul at ed eeler stheksvadtieoasresnoin. @' righy apgleapgd=bevinegt @ t hat,
NA=O 6, X 650nm t=0.6nmm n=1. 5, r=2mm . and W1'-2WB1/3-W1l/2 are set.
Further, a Borogeseo®9(phags diagrihufign 3ndotreepohdsmsosimikpadt ure of
the objective lens. Via the processes that the interference fringes is
consi der ed the $cneey witbr theéi pnedeheemnnag anghe hihdhtlagestand der kness
(the ration of lightness and darkness is 1:1) and the photomask is
produced, atitetdisove glasténgbesmphadiicgdtba hbeogbassusupbasat e using the
produced photomask, the desired diffraction grating can be obtained.

distribution and having spatial phase distributions

generated when they pass through the disk substrate

tilting in positive direction or negative difection, 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



Fig. 4A and 4B are views of the configuration of the diffractd angmgt 200409
produced based on the interference fringes shown in Fig. 3. Fig. 4Ais a
top view of the diffraction grating 9 and Fig. 4B is a sectional view
showi ng the diffraction grating 9 sectioned at. line Cln the diffraction
grating 9,  the groove 9B such as undulating is formed on the gl ass
substrate 9A. The depth of the groove-¥B,is determ ned based on the ratio
of the light intensity between Oth order diffraction beamand +-- first.
order diffraction beans. The | aser beam passed through the diffraction
grating 9 yadihicetltyctien prawdssn nenthogedaiboverdpassendx, rhr ough t he
objective lens, forns three Iight spots on the optical disk. The Oth order
di ffracti orstboairobirzadponegnd bitdd) Ipsthe hapetterei Fadohist be opei cal di sk
doesn't exist, one 3 August 2004 -29 of the +-first order diffraction beans
forns the lamghttuspailagivilEn dlojoctsodbsiansial |y equivalent to the
case that the positive tilting angle 0 is exist in the disk radial
direction, andvwaheiher=of the +-first order diffraction beans fornms the

| i ght spot- equivalent to or substantially equivalent to the case that the

negative  tilting anghex (+ Dnwsxexis?)i p ther,di @é+yexki al direction. Fig. 5
is a view showi ng the configuration of the -
. (1)
In the above equation (1), W,, is a wave front
qoefficient for determining the position of the light
spot formed on the optical disk, and since it doesn’t
influenée the shape of the light. spot, any value can be
chosen.
Further, W, and W; are coma aberration coefficients
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



optical pickup conprising the diffraction grating 9. This optAgalst pooakup
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 Hdtders 2H. The focusi.ng actuat or
2F, based on the driving signal Sfe, transfers the Iens holders 2H in the
focusing direction whichis vertical to the recording surface of the
optical di sk, sustraleitand ghsierthe helibbjrgtinvele | omdigathnghbhéocusi ng
direction to realize the focus servo. The tracking actuator 2T, based on
the drivingisigrai tist elitk asbersatde Temmdioddms @H thetdbskadi al - 3
August 2004 -30 direction of the optical disk 80, so that it transfers
t he obj ect ismbdterst® is,. fide exadiEale di tleztpolycirbdmteopndal tdi sk 80 to
realize the tracking servo. Note that, when the eccentricity of (the
rotati on ofdeftle-taptd cialdexdiisk HBibuts kxd st, the tracking actuator 80
transfers the objective lens 2 in response to the eccentricity in the disk
radi al directi ae hased ed heesarendry it Hanater@aus Heasem conduct or
| aser 4 outputs a linearly
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



pol ari zed | aser beam based on the driving signal SL and pr oViAhgsisi 200dor
the collimator lens 5. The collimator lens 5 collimtes the | aser beam from
the sem conductor laser 4 and provided it for the diffraction grating 9.
The. diffraction grating 9 divides the |aser beamfrom the collimtor |ens
5into the main [ aser beamincluding Oth order diffraction beam and the
first and second sub |aser beans inclutfng +-first order diffraction
beans and provides these |aser beans (the main |aser beamand the first
and second sub | aser beans) for the beamsplitter 3. The beamsplitter 3
passes throughgt he Fager 3beansesprofst ke apf Bpgetivge gfattheg 9 and provi des
themfor the objective lens 2. The objective lens 2 collects the |aser
beans from @rAeghsve2008s-31 the beam splitter 3 and provides themfor the
track of the optical disk 80 form ng | ands and/or grooves. The optical
di sk 80, on whi¥hat hbetpreokegaedethroovbe anserfermpnde fxinfjes dsanple, a
conmpact disc (CD), a digital video disk (DVD), a phase change type optica
di sk ({PD) atdssdepad Ehetheénaryhénbdbpmetive kenseZnieguwnsht he | aser beans
reflected at the optical disk 80 to the beamsplitter 3. The beamsplitter
3, to whi chiifiethaser ah@adarkness (the ration of lightness 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 objective lens 2 are exposed, reflects and outputs the expgssedogser
beans and provides themfor the collecting lens 6. J The collecting lens 6
collects the |aser beans from the beamsplitter 3 and provides themfor.
the cylinder- shaped lens (cylindrical lens) 7. The cylindrical lens 7
makes the | aser beans-fromthe collecting lens .6 pass through and
provides themfor the photodetector 8."*The phot odetector 8 receives the
| aser beans fromthe cylindrical lens 7 at the Iight receiving portion and
gener atees output signals SAu, SAd, SBu, SBd, and SC -SF. The center point
sensor 12 i sfatpesittifdmsdensder [gifikadiamdbaans drams thheofligiet novenent
or the quantity of . the change of the lens holders 2H in the disk radial
direction, dpbécesutielgninttioct profsubstanbisidt esruitvae < tAURISERL004 - 32
guantity of the change of the objective lens 2, and generates the
det ecti on skgsal tBRti niliec poisigiva dtildeter ttedrlgudntiist exdfstt hien nphvenent or
said detected quantity of the change detected. Fig. 6 is a view show ng
t he confi gudakkoradfattheli rleicghitonr,e caidy iamg het icdh tdfe tief iphat cosdect or 8
shown in Fig. 5. The photodetector.8 conprises a main |ight receiving
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



portion 8SO and the first and second' sub |ight receiving ponrtAeast8®4 and
8S2. Each of the light receiving portions 8S0--8S2 is divided in the
direction in response to the track direction of the optical disk 80 and is
di vided as the push-pull signals in the disk radial direction or any
signals in response to the push-pull. signals are detectable. The main
| i ght receiving, portion 8S0 Is divi ded?fnto four of the sane or
approximately sane parts by the two dividing lines 85x0O, 8SyO crossing at
right angle and conprises four division areas BAu, 8Ad, 8Bu, BBd. In the
mai n |ight cdesiorisg §d thihen @30-SHow 9% 84 g .56 thate imeizrasfgmns spot MBS
is formed by (the reflected light of) the main [aser beam fromthe
cylindrical thensbjectheadilensi @n iar ddhegMadjarie kit tiilmg o pifte si gnal SAu
in response to the light quantity (the reflected light quantity) of the
mai n | aser pdhcaloviddd Slorcat hreadige Ihaudusick30ey s33rB8ANate hehat vi si on
area 8Ad generates the output signal SAd .in response to the |ight quantity
of the mai nwhaserthiee@nceprioiicdey fodr (tthe arcdatSAnh ofhe tdievicg o=l ea 8Bu
generates the output signal SBu in response to the light quantity of the
mai n | aser Beak 8pr awsi éed sftgr thiee tazed i%BU acte tdizvisd ararsmRBBdigener at-es
the output signal SBd - ' :
objective lens 2 in response to the eccentricity in the
disk radial direction based on the same driving signal
Ste.
The semiconducfor 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



in response to the light quantity of the main | aser beam pravi tP@oa t he
area 8Bd. The direction of the optical axis of the cylindrical ens 7 1is
at an angl e of about 450 or about 135 to the direction of the dividing
line 85xO or the dividing ine 8Sy0 of the main |light receiving. portion
8S0. The dividing line 8SyO (or the dividing line 85x0O of the main |ight
receiving portion 8S0 for which the mai-Al-l aser beamreflected at the
optical disk 80 is,provided is parallel or approximately parallel to the
track direction of the optical disk 80, and divides the main |ight
recei vi ng pehei brafiSepilitdetwd ahd: peoydiesorchappifoni mitelbragsdnmparts. The
cross point of the dividing Iines 85O and 8SyO is in the center part or
in the appr ekenmapeliyategtiek Bar tforofinghd amelisn andder lgeaovesassiThg: t hr ough
the cylindrical lens 7. 3 August 2004 -34 The shape of the light spot M
formed at tbptieel Hight 80ecenyvwhdchortheonrask ghdrge yrdicagenaldsy in
accordance with the di stance between the optical disk 80 and the objective
l ens 2, so EbaheBiheikQc@sreesanplieGi by camphlre dakicalcndi,sla i gixal

det ect abl e. based on the output signals SAu, SAd, SBu, and SBd generated by

the divisi ogiganeas s8AUDVBA], a8Buagad cBRBAgusithget B taghlgralske (pfhod.
Note that, the angle defined by the line forned by the

and so on.
Further, the objecé&ve lens 2 returns the laser beams
'reflected 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



centers of the light-receiving portions 8S0-8S2 and the di vidAngst 200 8SyO
corresponds to said direction The first sub light receiving portion 8Sl is
divided two of the same or approximately same parts by the dividing line
8Syl and conprises two division areas 8C, 8D. In the first sub Iight
receiving portion 8S1 showin Fig. 6, the sub light spot SS1 is forned by
(the reflected light of) the first sub3Faser beamfromthe cylindrical

l ens 7. The division area 8C generates the output signal SC in response to
the light quantity (the reflected Iight quantity) of the sub | aser beam
provi ded fomuehéidyeai8BChe Hheindievicsl diheardyg Birigenereaat=e 2 t lendut put si gnal
SDin response to the light quantity (the reflected light quantity) of

t he sub | asgenkeatepr dhied e Heartildre sdrgeer18[BR Eheligerttierg peid of the first
sub- light receiving portion 8S1 is in the center or approxinmately center
of 3 August d2884tedb quiaheiftyr aif e mhesemdmampassidgidiuogh t he
cylindrical lens 7. The second sub light receiving portion 8S2 is divided

two of the gaARtekyaARE’ @heMhnges ddadds by the dividing line 8Sy2 and
conprises two division-areas BE, 8F. In the first sub |ight receiving

porti-on 8Sl. shewyine EsJa @ichhN@nswlng dhle RelriSRZdts Jodredny (the
reflected light of) the second sub | aser beamfromthe
light receiving portion of the photodetector B8 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—882 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



cylindrical

response to the light quantity (the reflected |ight

| aser beam

approxi mately center of

cylindri cal

appr oxi mat eByuparal l el each other. Fig. 7 is a view for explaining the

l ens 7. The division area 8E generates the outpu3 Suigmeel003E in

quantity) of the-sub

provided for the area 8E. The division area 8F generates the
output signal SF in response to the light quantity (the reflected |ight
gquantity) of the sub | aser beam provided for the area SF. The center part
of the second sub light receiving port$bn 852 is in the center or

lens 7. The dividing |ines SSyO 8Sy42 are parallel or

arrangenent of the light spots on the recording side of the optical
On the recordi nghei devbiidheanpsi 8AH deskr8@est BRe bamgulAsameatlheszgt oove

GR are fornmed and the groove GR 3 August 2004 -36 forns a track guide

t he second sub | aser beam passi ng t hrough the

di sk.

groove. On iker&epondengostHe Dighheqaphitddl difsSkh80matihe 1amein Hdaght spot
MB by the main | aser beam having a |large quantity of light and the first
and second subviight Fospehe hteandpali? by the first and second sub |aser
beam having a small quantity of light are formed. The first sub |ight spot

L1 conprises thensp@ividfon COFELSPORIBTLotbEELARI BhepataRd ghiRe sppt Lil

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.



corresponding to the siderobe. The second sub light spot L2 gompukssE®4t he
spot L20. corresponding to the mainrobe and the spot L21 corresponding to
the siderobe. The main | aser beamis reflected at the main |ight spot M
and provided for the main light receiving portion 8S0 of the photodetector
8. The first sub laser beamis reflected at the first sub light spot L1,
and provided for the first sub light ré¢eiving portion 851. of the -
phot odet ector 8. The center of the sub | aser beamreflected at the spot LI
is in the center or approximately center of the first sub Iight receiving
portion 8Sl. Th&heechagesws tazerlibddmsarstr M exirachdatatt Mheseeoind sub

| i ght spot L2 and provided for the second sub light receiving portion 8S2

of the phot adetec treicel viblte peerttiem 850 tdimmydds |dseyorzdam rief | ected at t he
spot L2 is in the 3 August 2004 -37 center or approximately center of the

second sub ldcghirdaheeeiwithy ey ididta3%2 bEisvddrghihe egaiidalg-dhosk idh 8S0
-8S2 of the photodetector 8 have the configuration which can detects the
push-pul | sixg@alse Bk tdivek Tead @, dg etidonrety dds daodddithgi dd hes
SSyO 8Sy2. The position of two of the sub I'ight spots L1 and L2 on the
recording suifage Qbtlikaioptilskalaodiisk e tble based on the output
signals SAu, Sad, SBu, aﬁd SBd generated by the division
areas 8Au, 8Ad, 8Bu and 8Bd using the astigmatic méthod.
Note.that, the angle defined by the line formed by the
cepters of the light-receiving portions 880-8352 apd the
dividing iine 8Sy0 corresponds to said direction B.
The first sub light receiving portion 8S1 is divided
two of the same or approxiﬁately 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 ig formed by {the
reflected light of) the first sub laser beam frbm 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 fof the érea 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



preferably, when the.main |ight spot MB is on the track- (fgrAaugxerqise,
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 the maxi num val ue, another of the push-pull signals .becones the
m ni rum val ue. The di stances fromthe main |light spot MBto two of the' sub
light. spots Li and L2 on the, optical -#-sk 80 are sanme and determ ned by
the angle a nentioned above. Further,, when the two sub |ight spots Li and
L2 are at the desired positions, the direction is formed as the phase

di stri buti oBhewfiiechtasebedaakrt beem papphiog rdrelghedhel oyd inldeigwds e
distribution generated to the two sub light spots Li and L2 by the tilt of
the disk swbasrate in the disk radial direction, are given. Nanely, the

di stances D12 fromthe center part of the main |light spot MB to the center
parts of the twihgubedoAdguab 208At_ 38ckighhgspotsibh asad Lz idivtikiedi sk
radial direction is expressed in the next equation (5) by using the pitch

Tp of the ghgowestER egﬁetbe h peloxRinheb)l vaBdman pakteg®y heof 0 or nore.
D12 = (n/ 2+ 12/ 4) Tp ... Especially, in the case the |and groove

Conflguratlaﬂv1aﬂﬁaelaﬁglgs9b bha Woabligbs! Rad @idibAcana-eeowr R is
1:1, the center parts of the sub-light spots L1 and L2
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 ligbt
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



are arranged at the boundary or the approximately boundary Betwgemadoie
-land LA and the groove GR The tilt error signal TS indicating the tilt of
the optical disk 80 can be obtained fromthe sum (PP1+PP2) of the
push-pul |l signals PPl and PP2 obtained fromthe output signals of the
first and second sub light receiving part 8S2, 8S2 shown in Fig. 6. The
push-pul | signal of first sub |aser-beaffis PP1-SC SD, the push-pull
signal of the second sub | aser beamis PP2=SE-SF, and the tilting error
signal is expressed by the next equation (6). TS = (SC-SD) + (SE-SF) PPl +
PP2 Note thfermsha pushkpgridei gralovPPO obt ai-ned fromthe output signal of
the main light receiving portion 850 is PPO=SAu+SAd- SBu-SBd and useabl e as
t he tracki ng er@orthegnekbo¥8ing Addaserf20ds opichilgdi®k S0 whew for
explaining the relationship between the tilt error signal TS and the
tilting angheinHtightt bpotaMBedbyoftheaglaipalametre beagr daviiogy tahilard=0. 75,
NA=0. 6, A=405nm t=0.6mm and Tp=0. 7pm As shown in Fig. 8, the tilt error
si gnal TS bgeanestyOo¥henghleahtdl ttheg famrghte and tskectids lsutadiigdhidi rection is
0 and has a typical linearity. Further its signis inversed in response to
the sign ofspbestilithng angbe¢ @hd first and second sub laser beam
having a small quantity of light are formed.
The first sub light spot Ll comprises the spot L10
corresponding to the mainrobe and the spot L1l
corresponding to the siderobe.
The second-sub light Spot L2 compfises the spot L20
corresponding to the mainrobe and the spot L21
corresponding to the sidercbe.
The main laser beam is reflected at the main light
spot MB and provided for the main light receiving
portion 8S0 of the photodetector 8.
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 spot L1l 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



desired characteristics are obtained. Fig. 9 is a view for esph@usi 74t he
rel ati onships 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 triangles indicate the case the quantity of
the.detrack is 10% and the case the tratking error of about 10% of the
size of the sub light spot occurs. The black squares indicate the case the
gquantity of the detrack is -10% and the case the tracking error of about
-10% of thecenterobrt hepsobimagkilyspenteccwis thas sslvoma igntFilg.gi® |n the
tilt error signal TS, when the 10% of detrack occurs, the tilting angle in
the di sk radcalivihgepbranoahd&8sges about 0.05, the ratio of the change is
smal |, and the desired characteristic is 3 August 2004 -40 obtained. Fig.
10 is a bl ock dragrasgsbovkegivhegcpbkitgunaBisonssk af edteodi ment of the
optical disk apparatus conprising the optical pickup shown in Fig. 5 This
optical di sknhappacabuto208ChEpEl $R8 @cAEL@rd®iona wilkichy cthn \Hetgeatia Cui t
35, atilt correcting portion 36, a conpensation circuit 40, an anplifier
42, an opti eak pRkBKPA130sighadlphif ikae @head radilailf idredid.ora Hyastie
dividing lines 8Sy0-83y2.
' The position of two of the sub light spots L1 and L2
on the recording surface of the optical disk 80 are,
preferably, when the main light spot MB is on the track-
(for example, when the center part of the main light spot
MB is in the center part of the track), at the position
that 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 determined by the angle « 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



driving circuit 55, a signal generation circuit 60, an i nfoBmugush2004
detection circuit 65, a tilt detection <circuit 66, and a control circuit
70. This optical disk apparatus 90 reproduces the recording information
recorded on the optical disk 80. Further, the optical disk apparatus 90
conprises an tilt detection' apparatus 95. This tilt detection apparatus
95 conprises the conpensation circuit 48 anplifier 42, the optical pickup
50, the anplifier 52, the laser driving circuit 55, the signal generation
circuit 60, the information detection circuit 65, the tilt detection
circuit 66,lagdtt hpoteniiohndi Reuin Tbe Miskcondiel diregitiocR)iiss a
controller engaged in the controlling the whole of the optical disk
appar at us 9@xpaadsedcindtbe hertergnpltécna (51 cbycospogertheTpidaboim ol
circuit 70 controls the notor 30, the notor driving circuit 35, the |aser
driving cirefii th85gr3odagusR 2004thél tirhekoptiicchl) pndkap 3@teges n
conpensation circuit 40, the information detection circuit 65, the tilt
detection &freust @6rand so on. The optical pickup 50 exposes the | aser
beam LB to the reproducing point of the optical disk 80 when reproducing.
The laser drivimgzackrealif ®5+0gengrajespa driviBg signal SL under. the
control of the control circuit 70 and

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.



drives the senmiconductor laser 4 in the optical pickup 50 by AdmselzoMi ng
signal to nmake the sem conductor |aser 4 expose the |aser beamLB. The .
notor 30 is, for exanple, a spindle notor and rotates the optical disk 80
at the predetermned rotation velocity. This notor 30 rotates the optical
disk 80 ,for exanp.le, as the linear velocity beconmes constant. speed.
The notor driving circuit 35 provides t-Be' driving power for the notor 30
to drive the notor 30. This notor driving circuit 35 may controls the
rotation of the notor 30 by the PWM (Pul se Wdth Mdul ation) control and
may, controls itihy BhesPklLviRkagerl esltadiniem) ttentdedlatithestainplifier 52
anplifies each of the output signals SAu, SAd, SBu and SC-SF fromthe

|i ght ‘recei ¥bRgepar thentilef erherPRabeda ax emd wenmiiseithg hengmt | cal
pi ckup 50 to provide themfor the signal generation circuit 60. 3 August

2004 -42 The sigaak,gener #hil @B sCiokCYihalkhbQgerRtaies ad aanedugiing si gnal
RFO in response to the quantity of the reflected beamof the main |aser

beam the pysh-pgkl waienal SARREsAR] BR3 . @fumt hedf ipsio ameh second sub | aser
beans, the focus error signal FE, and the tracking error signal TE based

on the anplifiegd outpyh $hoBaks SAULHSAL: 1 +SBY»o3Bd; ARd B Seddwum t he
anplifier 52. The signal generation circuit 60. generates the
0 when the tilting 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 triangleé indicate the case the éuantity of
the detrack is 10% and the case the tracking érror of
a#out 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



reproduci ng signal RFO (=SAu+SAd+SBu+SBd) based on the sum of3 AlgsoRU0aut
signals SAu, SAd, SBu, and SBd fromthe anplifier 52. Further, it generates
t he push-pull signal PPl (=SC - SD) based on the differences of the output
signals SC and SD fromthe anplifier 52. Further, it generates the
push-pul | signal PPl (=SE-- SF) based on the differences of the output
signals SE and SF fromthe anplifier 539 Further, the signal generation
circuit 60 generates the focus error signal FE (=SAu+SBd- SAd- SBu) by the
astigmati c nmethod, for exanple, based on the difference of the output
signal s SAucb$adnesBu, and SBd in the diagonal direction. Note that, the
signal generation circuit 60 generates the push-pull signal PPO ‘
(=SAu+SAd- SBd- SBu)y.ofL 0t He mmiblodkaskEradyesamsdedvimak dthe rompfUishumtiosi gna
-PPO the 3 August 2004 -43 tracking error signal TE. the conpensation
circuit 40 edmaensaibesiitmes tf @ilshee rapori cailgndil si-Eppat-athes taepka Dgiegr or
signal TE (the phase conpensation and/or the frequency conpensation) to
generate a ehRpeRIAldaan pdicgnad @Anrdmprigyirkded tthe conpensation signal for

the anplifier 42. The anplifier 42 anplifies the conpensation signal of

the focus error Thighabtikallo Gekegipasathe 0 \WorgSisgala motor 30,
a moﬁor driving circuit 35, a tilt correcting portion 3§,
a compensation circuit 40, an amplifiex 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,



Sfe and provides it for the focusing actuator 2F in the optBcalgupi Z00dp 50.
Further, the anplifier 42 anplifies the conpensation 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 tilting angle based on the
sum of ‘'t he push-pull signals PPl and PP3!- Concret el y, It generates a tilt
error signal TS (=PP1+PP2) corresponding to the tilt angle based on the
sum of the push-pull signals PP1L and PP2 and it provides the tilt error
signal TS f&het pptésadr phokipc il the TRErEREeHRN 6 fstidectdbdn B9 cuit 65
I's provided the reproducing signal RFO fromthe signal generation circuit
60, carriesipfprmhéidenddtestion chrohdtr & odds fgltsidptaictRA® and so on,
and outputs the reproduced 3 August 2004 -44 recording infornmation as an
out put si gnalirSoitF6ft ked, seheni.nformati on detection' circuit 65 detects
an address of the optical disk 80 fromthe reproducing signal RFO and
reproduces 't he TeeoogEngalnforckapi 68 kapedesorrhiehd azddr desm Tie twont r ol
circuit 70 generates a cross track signal CT.(=PPI-PP2) based on the
push-pul | stpeakepPPducand PBintand dbbcopsiwadt kidrskt I8® pdsirti on of the
| i ght spot of the :

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 examplé, a spindle motor and
rotates the optical &isk 80 at the predetermined ?otation
vel§city. This motor730 rotates the optical disk 80
,for example, as the linear velocity beéomes constant.
répeed.

The motor driving'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.



main | aser beamis on the track or not based on the signal CB Augwt200dss
track signal CT is referred, for exanple, when the |ight spot cross the
track as seeking. The tilt correcting portion 38 corrects the tilt of the
optical disk 80. For exanple, the control circuit 70 controls the tilt
correcting portion 36 based on the tilt error signal TS by the close |oop
control. The tilt correcting portion 3% corrects the tilt under-the
control of-the control circuit 70 so that the tilt error signal TS
becones 0. Fig. 11 is a flowchart showi ng the detection nethod for
detecting the tFhe FhIRAE FaBPHPTdPPeEirsRisf 6OhgereFated adi sk 80 in the
tilt detection apparatus 95 of the optical disk apparatus 90. First, in
the step Slzgprefucingf pagrprénRPatirngegrernse ke dpE elandiidkupio-he
diffracts the | aser beamfromthe sem conductor |aser 4 to generate the
mai n. | aser pefhegtadghsam2064thasmpisl dasey bearOt Fhgr sershdirffllact i on beam
and first and second sub |aser beans each including +-first diffraction
beans. The $igsalanBPiecsoddPBdbofatbe fdawt: kave seasmsssub diastayd buti on
equal to or substantially equal to the phase distribution due to the wave
front aberrla¢amen, geher fibeds enrthesdphhiaFE]i skhd3@hehdradie ngptamadr di sk 80
Is tilted. - ‘

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
éeproducing éignal 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 (=8C-
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



These | aser beans ( the main | aser beamand the first and séchumhssif4l aser
beans) is provided for the objective |ens 2 passing through the beam
splitter 3. In the step S112, the objective lens 2 collects |aser beans
(the main 1 aser beamand the first and second sub |aser beans) fromthe
diffraction grating 9 to provide themt}o the optical disk 80 to expose the
| aser beans on the optical disk 80. Th& objective lens2 collects the
mai n | aser beamto expose the track of the optical disk 80. The main |aser
beam col | ected by the objective lens2 are reflected at the optical disk
80, passes PRRGEYRItAETCBLFEER~YeTFens 2 again, and are provided the
phot odet ector 8 passing through the beamsplitter 3, the callecting |ens
6, and the cyli¥eriearreridtyon | alraeist 4B semBengaéephshedérEttor 8
receives the main |aser beamand the first and second | aser beam 3 August
2004 - 46 ret¥eer ctignal nEE oprdchhedFsreBbngt erFer| paARate 8 itH§ portions
BSO SS2- to generate the output signals SAu, SAd, SBu, SBd, and SC- SF.
Theses outp@has¢gmemme@@@tp¢@vaﬂégorféhetﬁéegugnay gemeeaspsaodilr &gt 60
via the anplifier (head anplifier) 52. In the step S114, the signal
gener ati on genexhte 60 comperatbiorheignaplodndi ngovidadl tRE in response to
the .quantity,of the reflected main | aser beam the push- pul

compensation signal for the amplifier 42.

The amplifier 42 amplifies the compensation signal of

the focus érror signal FE to generates the driving signal
- Sfe and provides it for the focusing actuator 2F in the
optical pickup 50.

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

The tilt detection circuit 66'detecﬁs 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



signals PP1 and PP2 of the first and second sub | aser beans 3bagmdt 2004t he
out put signals SAu, SAd, SBu, SBd, and SC-SF. Note that, the reproducing
signal RFOis provided for the information detection circuit 65 and the
recording 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 signaf ppl and PP2 of the first and
second sub | aser beans. Concretely, based on the sum of the push-pull
signals PP1 and PP2, it generates the tilt error signal TS (=PP1+PP2) in
response t aeidverdiing iimd camgitd cgf ashenogitealt @iignag0.ScThe net hod f or
detecting the tilt of the optical disk as nentioned above is effective
when t he eccent Fueitherof thiehd nfptimaddioti sle tiegsteimal lcixvWeit e deduarts icity
of the optical disk is large, the objective lens2 is transferred in the
di sk radi al a3 Augitelss?@F thé/ cgitrieatli ol skn 8Ce sfaems Heo depercgboEngicity,
the light spot on the light receiving portion is noved, and the of fset
occurs on t e gniall rRE AndigpAodhtasn thes parea-dimg Herf caacantan Gased For
t he above reason, it is preferable to renove the offset due to the
eccentri ci t ynf 0@ HaRiddslst, error si gnal TS. To renove the offset due to the
eccentr|C|ty fromthe

The control circuit 70 generates a cross track signal

C?_(=PP1—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
éontrols the tilt correcting portion 36 based on the tiit
error signal TS by the close loop control. The tiit
correcting portion 36 corrects ﬁhe tilt.under'the control
of the contrel éircuit 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 appafatus 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



tilt error signal TS, another diffraction grating is added Bdugust )¢ ca
pi ckup 50. And predeterm ned operation is carried out using the
diffraction beanms generated by the added diffraction grating. Fig. 12 is
a-view of the configuration of the optical pickup 51 formed by adding the
diffraction grating 11 to the optical pickup 50. Further, in the optical
pi ckup 51 shown in Fig. 12, the sane ﬁﬁrtions as the optical pickup 50
shown'in Fig. 5 are given the sane references and the explanation of them
are suitably omtted. This optical pickup 51 conprises a seni conductor
| aser 4, ajevtlidinorthendth opdarfdiférrehigrabral dandafigetf rREti on
grating 11, a beamsplitter 3, an object lens 2, a collecting Iens 6,
cyI|ndrlcm5éqnmﬁ7ﬁubi%ﬁmﬁ@d@@@m#o#agh inpehsdhppdersizplt diférasitagn
actuator 2F and a tracking actuator 2T.. 3 August 2004 -48 The
sem conducttrarnksaaser 4 outputs a linearly polarized | aser beam based on the
driving signal SL and provides it for the collimator lens 5. The
col limator |ensTie coitstems sdechdsenbbbasefrbaams hkagenitcphdaet or | aser 4
and provided it for the diffraction grating 9. The diffraction grating 9
di vi des thﬂiﬂéﬁﬁﬂbﬂﬁfﬁﬁfé@m&lthe ool bubatantieh3ySeimad tbethwi phkhaser beam
I ncl udi ng

distribution due to the wave front aberration generated

on the optical disk 80 when the opticél disk 80 is

tilted.

These laser beams ( the main laser beam and the first
and second sub laser beams) is provided for the objective
lens 2 passing through the beam splitter 3.
In the step S112, the objective lens 2 collects laser

beams (the main laser beam and the first and second sub

laser beams) from the diffraction grating 9 to provide

them to the optical disk 80 to expose the laser beams on

the optical disk 80. The objective lens2 collects 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



Oth order diffraction beamand the first and second sub | asérAupmaind04
I ncluding +-first order diffraction beans and provides these | aser beans
(the main | aser beamand the first and second sub | aser beans) for the
diffraction grating 11. The diffraction grating 11 conprises, for exanple,
a glass substrate on which straight and parallel grooves are formed and
diffracts the laser beans fromthe dif%raction grating 9. And then, it
generates Oth order diffraction beamand +-first order diffraction beans
of each of the |laser beans to provide themfor the beam splatter 3.
Concr et el y, refileeciid¢d ract tom gpiical diskehlratesha laghf FgsedvdinfF raction
beam which is a Oth order diffraction beamof the main | aser beam fromthe
di ffracti orperatemyg ISANBS2 hte dyemerébet hheuputnusr sidppflsaéPivon Behns
which are +-first order diffraction 3 August 2004 -49 beans of the main
| aser beamsSHuwy t$®i, 4hd SKCf$FacThesegravttpgtlsigonssarse proviged sub
| aser diffraction beamwhich is a Oth order diffraction beamof the first
sub | aser hBam fhonsideal dyédepastion giatung €Camda+thier smpdiffieact i on
beanms of - the first sub |aser beam Further, the diffraction grating 11
gener at es a(h&oL b Bibidases2 di ffracti on beam which is a Oth order
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



diffracti on beam of the second sub | aser beamfromthe diff Battgusniz@dat i ng
9 and +-first diffraction beans of the second sub | aser beam Further, the
light intensities of the +-first diffraction beans of the first and second
sub | aser beans are as small as to ignore themin conparison with the main
| aser diffraction beamand the third and forth sub I|aser diffraction
beans. The beam splitter 3 passes throif*é’h 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
provi des t hEFEPFiahel HpEFIRANSYi &R B@ef%?%%t¥h%§Yan‘ﬁll‘%rlgngvé§9t
Further, the objective lens 2 returns the | aser beans reflected at the
optical di sk 8the olidiet beefrSHing tRPTrBion The BeEed sprirdt BRe30ffsekhi ch the
| aser beans from 3 August 2004 - 50 the objective lens 2 are exposed,
reflects amtowmprn thactiekposert astgnpbah® dmdrpirersestehehefor the
collecting lens 6. The-collecting lens 6 collects the | aser beans from

t he beam spidagregxrizziagryl. provi des them for the cylinder- shaped | ens
(cylindrical lens) 7. The cylindrical lens 7 passes through the | aser beans
fromthe col | e®dmgHensdre arahgooyidesis hereforatle 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 diffractioﬁ grating.

Fig. lé is a view of the configu;étion of the optical
ﬁickuﬁ 51 forméd 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.



phot odet ect or 18. The phot odetector 18 receives the |aser bednkugustid04mai n
| aser diffraction beamand the first to forth sub |aser diffraction beans)
fromthe cylindrical lens 7 at the light receiving portion and generates
out put signals SAu, SAd, SBu, SBd, and SC-SJ. Fig. 13 is a view show ng
the configuration of the 1light receiving portion of the photodetector 18
shown-in Fig. 12. The photodetector 1#%3tonprises a main |ight receiving
portion 8S0 and the first. and forth sub |light receiving portions BSl1-834.
Each of the light receiving portions 8S0--854 is divided in the direction
i n response to Thee semdaladligtant ilasef 4 mutptisad Winga@8y as t he push-pul |
signals in the disk radial direction or any signals in response to the
push- pul | sgicjratiszeat el aiatre diemn draskre omi the i dpitvireredivgmel pOktawd 8S0 is
di vided into 3 August 2004 -51 four of the sane or approxinmately sane parts
by the twopmiwidgasond ifirtes t36x o8BSy torosistmg &t ri ght angl e and

conpri.ses four division areas 8Au, 8Ad, 8Bu, 8Bd. In the nain |light

recei vi ng portime 850 lshewod erg.5 hllive tamithd i Gidesfptad/Ereuf or ned
by (the reflected light of) the main |aser'beamfromthe cylindrical |ens
7. The di Vitsied B eliRb iRt AN aliaas 4 hindmiti sddnat S theé response to
the light quantity (the reflected Iight

diffraction grating 9.

The diffraction grating 9 divides the laser beam from
the collimator lens 5 into the main lasef beam including
Oth order diffractioh beam and the first and second sub
laser beams including +-first order diffractién béams and
provides these laser beams (the main laser beam apd the
first and secand sub laser beams) for thé diffra§£ion
grating 11.

The diffraction grating 11 comprises; for example, a
glass substrate on which straight and parallel grooves
are férmed and diffracts the laser be;ms from Ehe
diffraction grating 9. And then, it generates 0th order
diffraction beam and +-first order diffraction beams of

‘each of the léser beams to provide them for tﬁe 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



guantity) of the main | aser beam provided for the area 8Au. 3TAweudi2d0di on
area 8Ad generates the output signal SAd in response to the light quantity
of the main | aser beam provided for the area BAd. The division area SBu
generates the output signal SBu in response to the light quantity of the
mai n | aser beam provided for the area 8Bu. The division area 8Bd generates
the output signal SBd in response to t4e light quantity 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 45 or about 135 to the
direction dieame <f vike orainnbagsrdermthe division line 8SyO of the main
|ight receiving portion 8S0. The division line 8SyO (or the division |line
85x0) of the rmAirthdéghtthectiffrycpberionadbagfbt ghnehathe anFarBaser 3
August 2004 -52 diffraction beamreflected at the optical disk 80 is
provi ded i ssyarkddet diffmpprokemubesy phiahl| 85 2o00theordeack direction of
the optical disk 80, and divides the nain light receiving portion 8S0 into
two of the Giafferartiappsexn nef etlye sBhespastls. ldberchess foemt thé t he
division lines 8SxO and 8SyOis in the center part or in the
appr oxi mat elijffeidteiopartatig t heamdi A-fhset diffraction beamspassin g
t hrough .t he

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 beamé.

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



cylindrical lens 7. The shape of the Iight spot M5 forned at 3tAwpustllds
i ght receiving portion 8S0 changes diagonally in accordance wth the
di stance between the optical disk 80 and the objective lens 2, so that the
focus eccentricity at. the optical disk 80 is detectable based on the output
signal s SAu, SAd, SBu,.and SBd generated by the division areas 8Au, 8Ad,
8Bu and 8Bd using the astigmatic metf38d. Note that, the angle defined
and the division line 8SyO corresponds to said direction The first sub
light receiving portion 8Sl is divided two of the same or approxinmately
same parts the tohgecdivissiland ihadsExpeart compiieets tamd dbwEreba areas 8C,
8D. In the first sub light receiving portion 8S1 shown in Fig. 13, the sub
| i ght spot 88l expdsgdnddser themnfg ragid prdyvidserthin ffecttlem beam fromt he
cylindrical lens 7. 3 August 2004 -53 The division area 8C generates the
out put si gemillsCting regpmorse to the light quantity (the reflected |ight
quantity) of the sub laser diffraction beam provided for the area 8C. The
di vi si on ‘ar ea 8Degepdleids nighd eoist utcoldiegitad tHe iTuges jotmes tfrdhe | i ght
gquantity (the .reflected light quantity) of the sub laser diffraction
beam provi dheé bean BelaadarSE abht peentiele PpatHenoffdhetHd Sl mudet+ ght
receiving portion 8S1 is in the center or approximtely center of

~ 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



the first sub laser diffracti on beam passing through the cyBiAgust04] ens
7. The second sub light receiving portion 8.S2 is divided twoof the sane
or approximately sane 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)
the second sub laser diffraction. beam”'Tfromthe cylindrical lens 7. The
di vision area 8E generates the output signal SE in response to the |ight
gquantity (the reflected light quantity) of the sub |aser diffraction beam
provi ded fdoun irf e BES e RIS G R on T drrTEt d&v t FRe obifBut
signal SF in response to the light quantity (the reflected |ight quantity)
of the subdiasieriafi f¥imms B0 b Orerind Gt thighf eargke Fdugust 2004
-54 The center part of the second sub light receiving ,portion 8S2 is in
t he cent er compappreoxifmirldi centanr afeahSAbc A s P as®Bd di F2rBRei on beam
passing through the <cylindrical lens 7. The third sub |ight receiving
portion 8SM:aisy diighdedrdawiwing (o stims @S Gphor et g sakh®, pelres by the
division line 8Sy3 and conprises two division areas 8G 8H. In the third
sub |ight medei ViightpaigdtoMBIE: sfromead) byFi (khe efldetadblighhtofpot SS3
is fornmed by (the :

the main laser beam from the cylindrical lens 7.

The division area B8Au generates the output signal SAu
in response to the light quantity (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



reflected Iight of) the third sub laser diffraction beam fr8mugust2004
cylindrical lens 7. The division area 8G generates the output signal SG in
response to the light quantity (the reflected light quantity) of the sub

| aser diffraction beam provided for the area 8G The division area 8H
generates the output signal SHin response to the light quantity (the
reflected |ight quantity) of the sub |a%er diffraction beam provided for
the area 8G The center part of the third sub light receiving portion 8S3
is in the center or approximtely center of the third sub | aser

di f fract i odlifEmmardosi rparhmmfleatnd ay|theirdrticalerdisk Sheldorth sub

| ight receiving portion 854 is divided two of the sanme or approximtely
sane part spbpviikied disvipsined l€ne 18 Spb i reorplry sesralloedi v stlom areas 81,
3 August 2004 -55 8J. In the forth sub Iight receiving portion 854 show in
Fig. 13, t teaskb dirghttispotofSShe orfturgrd disK t8e, arel [dictiedes ighe of ) the
forth sub Iaser diffraction beam- - fromthe cylindrical lens 7. The division

area 81 gemanat 44 ghlte redispiming grattiSin 430 rigsiponse taf tite |sgie qmantity
(the reflected light quantity) of the sub laser diffraction beam provi ded

for the amppr®kimEitelq samieOpaartea 8J generates the output signal SJ in
response to the light quantity (the '
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 diffradtion‘be;m-passing through the
cylindrical’lens 7.
The shape of the light spot MS formed at the main
light recéiving portion 850 changes diagopally in
accordance with the distance between the optical disk 80
and the objecti%e lens 2, so tﬁat the focus eccentricity
at the oéﬁical disk BO is detectable baéed 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
I;ght receiving portions BSO—BS2randlthe division line
‘BSyO corresponds to said direction B,
The first sub light receiving porticn 881 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.



refl ected |ight quantity) of the sub laser diffraction beam3phegHsti&P4s or
the area 8J. The center part of the forth sub light receiving portion 854
is in the center or approximtely center of the forth sub | aser
diffracti on beam passing through the <cylindrical lens 7. The division
lines 8SyO-8Sy4 are parallel or approximately parallel each other. Fig. 16
Is a view for explaining. the arrangeneﬁ%yof 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 the groove GR
forms a track girtledfybdien THeRhBCreebpaRhGSsFRe ORtPRE sporeal S§i sk 80,
the main |light spot MB by the main |laser diffraction beam having a |arge
quantity ofinjFmtPandet he Fhesiightfgrantdtrudtbe zebiecsedsdbabitght spot
L1-L4 by the first to forth sub laser diffraction beans having a snal
quantity ofddayhkitalr ecff bhaegubTheserrdifiupctight Pepot PESVESRPr iF9Es t he
spot L10 <corresponding to the nmai nrobe and the spot L11 <corresponding to
t he si der oblhe Theeze@®ndTRabdivyhionparea28Rogpresateshthepontp@
corresponding to the mainrobe and the spot L21 corresponding to the
si derobe. signal SD in response to the light guantity (the

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,_thé sub light spet S82 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.



The main |aser diffraction beamis reflected at the main |igNMugpa200¥B and
provided for the main light' receiving portion 8S0 of the photodetector
18. The first sub laser diffraction beamis reflected at the first sub

i ght spot LI-and provided for the first sub light receiving portion 8S1
of the photodetector 18. The center-of the sub |aser diffraction beam
reflected at the spot L1 is in the cedter or approximately center of the
first sub light receiving portion 8Sl. The second sub | aser diffraction
beamis reflected at the second sub light spot L2 and provided for the
second sub |iGhe cepder pgrpocti dhegSRosnd MalpHGIdFeTeCSGHVIPE  The
center of the sub laser diffraction beamreflected at the spot L2 is in

t he cent er portdppr GSi2nsitselipy ddwet @endfer tdwe appowndmalie iy genteecai ng
portion 8S2. The third sub |aser diffraction beamis reflected at 3 August
2004 -57 t hdaet kiccdnslulul Jhisespoti Af3aarid qur ddage pAsminchehdvugh b | i ght
recei ving portion 8S3 of the photodetector 18. The center of the sub | aser
diffracti ogvheadnieklledead a. the spot L3 is in the center or
approximately center of the third sub light receiving portion 8S3.. The
forth sub | aserndi frhiaat sep heamt sacefilvecioedoatticdnhd@sBoritsh dsivkidddght spot
L4 and provided for the forth sub light receiving portion 854 of the

phot odet ecte@ie 13 thEh@agRNer a@ipridid naite Uva semedigfdmtac tiyortHeeam r ef | ect ed

i 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,



the spot L4 is in the center or approximately center of the3fAurgukt 2008

| i ght receiving portion 854. The |ight receiving portion 8S0-8S4 of the
phot odet ect or 18 have the configuration which can detects the push-pul
signals in the disk radial direction by the division |lines 8Sy0-.8Sy4."'
The di stances fromthe main |ight spot @B to two of the sub |ight spots LI
and L2 on the optical disk 80 are and determ ned by the angle cc
menti oned above. Further, when the tmo sub |ight spots LS and L2 are at

t he desired positions, the directjon is fornmed as ggg i stribution,

éﬁﬂ drstrf

whi ch are &flral™® o-hst %Fp‘b‘?lbﬁ%tje%‘iméqﬁ%ﬁe’t‘bl’?%ep%ﬁﬁﬁ%n a¥i oft
generated to the two sub light spots Li and L2 by the t||t of the disk
substrate FEG-hddi sihe ot LA ecindh, S84 el 4 VT RRE| T hene distances
D12 fromthe center part of the 3 August 2004 -58 main |light spot MB to the
center parﬁ?ﬁﬁeqqﬁﬂt%ﬁﬁhﬁﬂPfﬂeﬁ&ﬁnf%ﬁﬁhssuil1%ﬂﬂrLQl¢ﬁr?ﬁElﬂPsPeﬁﬁdla
direction is expressed in the equation (5) nentioned above by using .the
pitch Tp offxdme theoouwdsirgRrigal akensit'etger n of 0 or nore. Further, t he
di stances D34 fromthe center part of the main |ight spot MBto the center
parts of the tWheswhivildight spomt 81 ganeratehethiy skutpt asigpatcElon is
expressed in the next equation (7) by-using the pitch Tp '
in response to the light quantity (the reflected ligbt
quantity) 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 the forth sub light receiving
‘portion B8S4 is in the center or appfoximately center of
the forth sub laser 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 recording side of the optical
disk.
On the recording side of the optical disk 80, the
land LA and the groove GR are formed and the groove GR
forms a track guide groove.
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



of the grooves GR and an integer mof 0 or nore. D34 = (m +3Aygu)200p . ..
(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
light spots LI and L2 are arranged at the center or approximtely center
of the groove GR The eccentricity si gsnal RO in response to the
eccentricity of the optical disk 80 i s™Cal cul at ed by the next equation (8)
based on the push-pull signal PPO of the nmain |laser diffraction beam and
the push-pull signals PP3 and PP4 of the third and forth sub |aser
di f fract i orsuthehight RpEALSA 3BY- O L REBFSHERF tis §ubpPRF#%Kk (PP3 +
PP4) ... (8) In the above equation (8), by correcting the 3 August 2004 -
59 di f f er entieEBfacheon  gams Mransig ya penabbnTeartHHY noSpbi 9L kB26# t he main
i ght receiving portion 8S0 and the sub spots SS3 and SS4 of the sub
| i ght receifermegorti on 8S3 and 8S4 by a coefficient k, the eccentricity
signal RO .can be detected because the polarity between the push- pull
el ement PPO andriénef jpusth - | Lisflepespo PRBL apeupPis¢es thpperetellfhi s
correction coefficient k is expressed by the next equation (9). k
( SAu+SAd+SBEtonSBeypdnd Sig- 4 FhSainrobe and the spot L1l :
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



RFQ (RF3+RF4) ... (9) Therefore, by subtracting the signal GkOX¢RS)2WH t he
result of the multiplication of the eccentricity signal RO and a
reasonabl e coefficient kO fromthe tilt error signal TS, the tilt error
signal TSO renoved the offset due to the eccentricity can be obtai ned.
This tilt error signal TSOis expressed-,by the next equation (10). TSO =
TS - kO X RO = PP1+PP2-kO X (PPO+k (PP3+PP4) ) ...(10) Further, the
correction coefficient kO for correcting the light intensity of the nmain
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quantity of the eccentricity is 0. The black squares jndicate the case the
quantity ofthe mPeeceht}s i1 yEhe SphemufiT RRRIPFREREY (FRPteEcRhtricity

of about 20% of the size of the objective _
the third sub light receiving portion 883,

The forth sub laser diffraction beam is reflected 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 ié 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 diétances 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 pésitions, 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



| ens 2 occurs. As shown in Fig. 15, even though 'the eccentr Bdiugpst 200écur s,
the desired characteristic of the tilt error signal TSO is obtained. Fig.
16 is. a block diagram 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 sane
portions as the optical disk apparatus'890 shown in Fig. 10 are given the
sanme references and the explanation of themare suitably omtted. This
optical disk apparatus 91 conprises a notor 30, a notor driving circuit
35, a tilt ®wkrekivhly poPEidR 88, the €BRPERsBEFSA Ofr Elift tY8, Saﬁ ampl i fier
42, an optical pickup 51, an anplifier éhead anplifier) 53, a_laser
driving cirkight5spotsshynardgkdetat £ba dipkuredsnl dhr3chuglstS2004 - 61

i nformation detection circuit 65 a tilt detection circuit 67, and a
control cirexpregdedFimt hee eghatbpni (8} WPBkiappdr aPU¥=oRYcBAPPEses an
tilt detection apparatus 96. This tilt detection apparatus 96 conprises

t he conpenstite gri el cTp t oB0the hgroavpki FRepand2ant hategercal ©fi Bkap 51, the
amplifier 53, the laser driving circuit 55, the signal generation circuit
61, the infmosawati on detection circuit 65 the tilt detection circuit 67,

and the control circuit 71. _
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



The control circuit 71 is a controller engaged in the controBlAupgst2t€4whol e
of the optical disk apparatus 91 and includes, for exanple, a

m croconputer. This control circuit 71 controls the notor 30,. the notor
driving circuit 35, the laser driving circuit 55, the optical pickup 51,
the conpensation circuit 40, the -siggﬁj generation circuit 61, the

I nformati on detection circuit 65, theTilt detection circuit 67 and so on.
The.optical pickup 51 exposes the | aser beam LB to the reproducing point
of the optical disk 80 when reproducing., The Jaser driving circuit 55
gener ates & dfSASREe Gigrdte §qu}h1ae’rn1f‘ﬁg9 Uﬁt?%ﬁzw%‘?ntﬁﬁec‘lﬂﬁfg‘?ofpﬂy‘rcuit 71
and drives the sem conductor laser 4 in the optical pickup 51 by the
driving si ¢faled Fhmreihe LBk Rt IRRE L on %%%o%%dtﬁﬁel 39Br beam LB.
3 August 2004 -62 The amplifier 53 anplifies each of the output signals
SAu, SAd, SEPESBEIhMRGESY 9% ofhe HEP | bt 6F% KR porFFORR BF >t he

phot odet ector 18 conprised the optical pickup 51 to provide themfor the
si gnal geneémst B Ry rac faeffiicight df gnie rereeaEF bR BY ret@Pab1Rgenerates a
reproduci ng signal RFOin response to the quantity of the reflected beam
of the mi raradmr dtfdatad hardsen Bl Pelarbndratvesgnihs REILRF4 in

response to the quantity : ,
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). | |

TS0 = 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)



of the reflected beans of the first to forth sub laser diffBatigusi2idfdans
based on the anplified output signals SAu, SAd, SBu, SBd, and SC-SJ from
the anplifier 53. Further, the signal generation circuit 61 generates the
push-pul | signal PPO of the main |aser diffraction beam and the push-pul
signals PP1-PP4 of the first to forth sub laser diffraction signals..
Further, the signal generation circuit’ generates the focus error signal
FE and the tracking error signal TE. The signal generation circuit 61
generates the reprodUC|ng nal RFO (—SAu+SAd+SBu+SBd) based on the sum
of the output sFgdal $2SAH, aSngwsﬁﬁr g%8 SBﬁngoﬁPFhﬁe &hpPPFPEPS53.
Further, it generates the_reproducing signal (=SC+SD) based on the
out put si gnaf§weenakleshily %E§B§t5266&1 68 FGPtﬁEF tiltdeaePREEE t he
reproducing signal RF2 (=SE+SF) based on the output signals SE and SF.
Further, it#heRetheebotRecrépPotiliei RGCSRgRArPLIREIexE388:+8RF HRSER n t he
out put S|gnals SG and SH.  Further, it generates the reproducing signal RF4
(=S2+SJ) ba@éésbnlﬂhécéa¥§GPC§|yh&bstgﬁ Bag-S§. anfuFiler 2-t he signal
generation circuit 61 generates the push-pull signal PPO
(=SAu+SAd- SBu- SBu¢ , blarkesinples - ipdiedtenthhecdsef shenguaptitlfe odut put
signals SAu, SAd

the eccentricity is 0.

The black 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
.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



and the output signals SBu, SBd fromthe anplifier 53. Furth8&rAugust2004
generates the push-pull signal PPl (-=SC SD) based on the difference of the
out put 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 Q;SG— SH) based on the difference of
the output signal SG and SH. Further, "1I't generates the push-pull 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+SBRERRSHAT HetertiortFHREtt fret db+brdekanbte® based on the
di fference 3 August_ 2004 -64 of the output signals SAu, SAd, SBu, and SBd
fromthe &HATHter653 a3 theceh BEDhafiaFiEtt7bn. Note that, the signal
generation circuit 61 makes the push-pull signal PPO the tracking error
signal TE. The B4ithafet dets APeie2hi 419y IWRTEAEUT hel (FIRPHFS 8RB ti | ting
angl e based on the sumof the push-pull signals PPl and PP2 and the
eccent ri ci t4ild} elmrctiyncarRaraytus 196 gchetateslh deFecer®®r signal TSO

corresponding to the tilt angle based on the difference of the sumof the
apparatus 96 comprises the compensation circuit 40, the

amplifier 42, the optical pickﬁp 51, the amplifier 53,
the laser driving circuit 55, thé signal generation
cifcuit-SI, the information detection circuit 65, the
tilt detection eircuit 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 include;, for example, a microcomputer.

This cont;ol circuit 71 controls the motor Sb,.the
métbr'driving‘circuit 35, the laser driving circuit 55,
the optical pickup 51, the compénsation circuit 40, the
-signal generation circuit 61, the information detection
circuit 65, the'tilt detection circuit 67:and so on.

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

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

expose the laser beam LB.



push-pul | signals PPl and PP2 and the eccentricity signal RO3afegust2004
provi des the generated tilt error signal TSO for the control circuit 71.

. The information detection circuit 65 is provided the reproduci ng signal
RFO from the signal generation circuit 61, carries out the denodul ati on of
t he reproducing signal RFO and so on tg_reproduce the recording :

I nformation of the optical disk 80, and outputs the reproduced recording

i nformati on as an output signal So. Further, the information detection

circuit 65 detegts an address.of the_optical, disk, 80 fromthe.reptoducing
si gnal RFO andeﬁbeprﬂ?ﬁri}'ﬁe’gl?ﬁeggf eaéﬁﬁ%‘fn g‘? n‘?%?}ha?lgoﬁ§%a%%gpu%ns%ﬂrég§éadr ess.
The control_circuit 71 generates_ a_¢ross_track sign CT (#PPl-PP2) based
on the push¥id IS%Can%FF‘gf ﬁﬁ‘?a?ﬁ’)d Pﬁg'gin%r%t ?sghﬂa]!é{:h’é?céﬁ‘élﬁgsi tion of
the light spot of the_ 3 August 2004 -65 qg'n | aser b§$n1is'on‘th track or
not based GPEHPPS|YhatreED FHSECT 1 LR KCIPRFLFCET e PRFEFPRd, for
exanpl e, when the light spot cross the track as .seeking. The tilt

correct i ng FISHIRP BEE BTt de t e  F9r ofhe ( Feanpt | 83RHREK®B0. For
exanple, the control circuit- 71 controls the tilt correcting portion 36

based on tKE®34%t &kror signal TSO by the close | oop control.. The tilt
correcting portion 36 corrects the tilt under the control of the control
circuit 71 so tHe adunal |qensrafiion ghgrcuit 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.



TS becones 0. Fig. 17 is a flowchart showi ng the detection @etupost 2006r
detecting the tilt in the radial direction of the optical disk 80 in the
tilt detection apparatus 96 of the optical disk apparatus 91. First, in
the-step S121, the diffraction grating 9 of the optical pickup 51
diffracts the | aser beamfromthe sem conductor |aser 4 to generate
the-main | aser beam including a Oth ofder diffraction beamand first and
second sub | aser beans each including +-first diffraction beans. Each of
the first and second sub l'aser beans have a phase distribution equal to or
substantial |y @prthan tife gesiRrFe-af st IRREAAMRENT o° d FRA Wal%? f r ont
aberration generated on the optical disk 80 when the optical disk 80- is
tilted. 3 AFFEHSEI0Ohssh ofheghe |as@uhedmdtheShet? | #er beam and the
first and second sub | aser beans) are provided for the diffraction
grating 11. |n Fuethetep i3] 2Enatatal ffhacerredieith@Eianati®ffacts the
mai n | aser beamfromthe diffraction grating 9 to generate the main | aser
di ffracti on=seaaH)i nedaeml o &t owipler shdfzbet$@ri@aPiand third and
forth sub laser diffraction beans each including +-first diffraction beam
‘ 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



Further, the diffraction grating 11 diffracts the first sub3lagestdm
fromthe diffraction grating.9 to generate the first laser diffraction
beamincluding a Oth order diffraction beamand diffracts the second sub
| aser beamfromthe diffraction grating 9 to generate the second |aser .
diffraction beamincluding a Oth order  diffraction beam These |aser beans
(the main | aser .diffraction beam and the first to forth sub | aser
diffraction beans) are provided for the objective | ens 2 passing through
the beamsplittex 3. Note that, each of the_first and secondt%%$ | aser

[

th f
di f fract i on°be&hPhRE tRUSHIEE G St PPBut PEA eGBR 855 rEhSFrox ely equal

to the phase distribution due to the wave front aberration generated on .
the optical 2BPSEEBET wReh™t FBeopirgradi SRT86 8 i 1ted. 3 August 2004 -67
In the step S123, the objective lens 2 collects |aser  beanms (the main
| aser diffractiBAtBekhrindthPReSiPpetl FBNeFBLLRDsGR*FALEr Odi PRMEE i(%OF beans)
fromthe diffraction grat$n% 9 and 11 and provides themto the optical
di sk 80 torugpoBBlinEipgadér PBRafecok*RrRELDE PEAPTIFLNNE8. TFhe objective
lens” 2 collects the main |laser diffraction beam to expose the track of the
optical di sk 80Thghtikti detassicopeairesitebl cdebyctreton) sdditver &h€ 2 are
reflected at the optical disk 80, passes through the
tilting angle based on the sum of the push-pull signals
PPl and PP2 and the eccentricity element, Concretely,_it
generates a tilt error 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



objective lens 2 again, and are provided for the photodetecBadkughst Z{ddsi ng
through the beamsplitter 3, the .collecting lens 6, and the cylindrical
lens 7. In the step S124,, the photodetector 18 receives the min |aser
diffraction beamand the first to forth laser diffraction beans reflected
at the optical disk 80 at the |Ilight regeiving portions 8S0--854 to
generate the output signals SAu, SAd, "SBu, SBd, and SC-SJ. Theses out put
signals are provided for the signal generation circuit 61 via the
anplifier (head anplifier) 53. tn the step 5125, the signal generation
circuit 61 Mehelates ?ﬁ%mr%irﬂﬂuﬁvﬁgt§ﬁﬁgaP§ RR® BAFSRFIERERSI N response
to the quantities of the reflected nain laser diffraction beam and the
first to fotiFPabCT asBre GFPFFat¥reh BégRRlbaSedSoR=fRE*6BHr piPTsi gnal s
SAu, SAd, SBu, SBd and SC-SJ. 3 August 2004 -68 Further, the signal

gener at i on efawRle . cihegenthat 3IhEn8PPLsAFPER| thRgRaRSkPPO EREXPPY-- PP4 of
the main laser diffraction beamand the first to forth sub-Iaser
diffraction bedifez tihlt heoxreptBigarorhiori Bf derzeersnteertblt 8% detects
the tilt or the tilting angle of the optical disk 80 based on the

di f f er ence Wfe tdtipesh-pisk 80 gnBbx #Fdmplad PRe gadtrhé eirsuiindlsecond
sub laser diffraction beans and the eccentricity signal RO Concretely,

t he 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.



tilt error signal TSO (=PP1+PP2--kOX RO) corresponding to tReAndust2({4g
angl e of the optical disk 80 is.generated based on the difference of the
push-pull signals PPl and PP2 and the eccentricity signal RO The opti cal
pi ckup 51 with the configuration as nentioned above can detect the tilt of
the optical disk -when the optical di s% | s-eccentric. Note that, the
present inventionis not limted to t 8“ above enbodi nents and i ncl udes
modi fications within the scope of the clainms. For exanple, in the optical
pi ckup 51, the diffraction grating 9 and the diffraction grating 11 the
arrangement mayiREe dRsfe PRt OtiemaBriIRgT Rert h%“‘?i%i‘edﬁi'gﬁf:i on
apparatus 95 shown in Fig. 10, the tilt detection_circuit 66 may be forned
li ke that 379 FaEs %%%%ﬁttfefﬂ%)y Y RIORIFH FEpbRte to 3 August
2004 -69 the eccentricity of the optical disk 80 based on the. detection
si gnal SR fHgHrartieht@ratyoihtlsensor 12 of the optical pickup 50,
generates the tilting error signal TS based on the difference of the sum
of the push-pullin Wigrdier PR ZndEPAidfradiel ot wmEirg t3lsignal RQ and
provides the tilt error signal T5 for the control circuit 70. For
exanpl e, i tdiffinmatiis thvre rfaigyuarsr deamfirem thespbffea¢biene rotation -
period of the optical disk 80- ;

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.



fromthe detection signal SR and generates the eccentricity3siupusi200d
based on the extracted frequency elenent. In this case, the step of
generating the eccentricity signal RQis included in the flow chart shown
in Fig. 11 and in the step S115 the tilt detection-circuit 65 detects 'the
tilt or the tilting-angle based on the difference of the sumof the
push-pul |l signals PP1 and PP2 and the'%%centricity signal RQ As explained
above, according to the.present invention, the tilt detection apparatus and
tilt detection nmethod detectable the tilt of the optical disk _using the
di ffracti on beafs, thaestppi 84R3pi thapokanckiveapphrred £olLREtEi LRSE& ecti on
apparatus, and the optical disk apparatus can be provided. 70 Cainms 3
August 2004bdam#én (bpei vainplekep, débfprrtiag: baawi ppdakbirofigedt itRg for
diffracting a | aser beamfroma |aser to generate a Oth order diffraction
beam and +-forsh subelasdif fifi€rronibvaheamnk) chrhmyehehdifhazetdrst ri bution
equal to or substantially equal to the phase distribution due to the wave
front aberrgtaehngefeaatieliloandnpopvides dhek whethehepspradakdisdi R is
tilted; an objective lens for collecting said Oth order diffraction beam
and sai d +-tbrekposdethdi Lhsaet beambeansthrdoptical disk 80. The
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.



exposing the beans to the optical disk on which track gui de 3gkupmee2004dr e
formed; and a photodetector for generating signals corresponding to said
+-first order diffraction beans reflected at said optical disk, wherein
sai d 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 sai d'55hase 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.
2. An optical Frekipms e Figndl igenszatian oherelh; 67 199na8gte% 2004
said objective lens collects said Oth order diffraction beam and exposes
it to the toheckhwih-gaild sgriadds RRGlendnPl-RF4tehckhe rpaiehbagenter part
of the optical spot of said Oth order diffraction beamto the center part
of the optdidfiragpatorofbesa canid the sfivstero didfrmctilonideans in the disk
radial directionis, where nis an integer of 0 or nore, equal to or :
appr oxi mat eliff fagitetdicmo eamy 2 + 1/4) tines of the pitch of said track or a
track guide groove. 3. An optical pickup as set forth in claiml or 2
further conprimi ngie &taaCtgI@Or oy THME nde sad £ @bj et dwet | €hs in the di sk

detects the tilt or the tilting angle of the optical disk

SQ 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
mentioped 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



radial direction in response to an eccentricity of said opti dalugudi2(04 and
a position sensor for detecting the quantity of novenment or the quantity
of change of said objective lens in the disk radial direction. 4. An
optical pickup, conprising: a first diffraction grating for diffracting a

| aser beam froma |aser to generate a nmain |aser beamincluding a Oth
order diffraction beamand first and ¥&cond sub | aser beans incl udi ng one
of +-first order diffraction beans; a second diffraction grating for
diffracting said main |aser beamto generate a main, laser diffraction
beam i ncl udihey eFreR taiglisty 2004 he ArEoraferd ik 183 994 beantafd third and
forth sub laser diffraction beans including one of +-first order

di f fract i osletssdhiorard anialf S tirap el 9enr aninsecrricetibl? a’€r- beans to
generate first and second sub | aser diffraction beans including a Oth
order diff rdet icrkigedmpiarkurhj bt igandxate s dthe otdetintneseed fagnalaser
diffraction beans and said first to forth sub |aser diffraction beans and
exposi ng t i8’'béared emrtheptdidclientirgde @f Wi pum axk thpipkshrpevds are
formed; and a photodetector for generating signals in response to said

mai n | aser sdigihfalac tBEAN ayehBP2arsthd diltk fegaEntmwidiort hsisgrbal aR@r amdf fracti on
beans reflected at said optical disk, and wherein each of said first and
second subphasededi ffeadtiilon drean®s signal TS’ for the control

circpit-?O.

For example, it extracts the frequency element in
response to the rotation period of the optical disk 80
from the detection signal'éR and generétes 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.



exposed to said optical disk has the phase distribution equald Awgustiz004
substantially equal to the phase distfdbution 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 | aser
diffraction beans is a phase distribution generated when the tilting angle
of said optical disk is a positive gppstaant angle, and said phase

di stribution of another of said first or second sub laser diffraction
beans is a phase distribution generated when the tilting angle of said
optical disk is a negative constant angle. 73 3 August 2004 5. An optical

pi ckup as; set f0pbR; b idbip4, cMpBaNi8li Ry . sai d objective lens collects said
main | aser diffraction "beam and exposes it to the track of said opti cal

di sk, and a diS{@REE, LL QU bEQtfﬁg&“ﬁr Q%%x&étfn@e OPéééRﬁ'beﬁRO%rQ{ a said main

Iaser diffraction beamto e center part of the optical spot of said

first and.secopd sub.l.ages (?ﬂ}%forrﬁgt:lg{lffrg%% n!fbdn&nd! $Ke A4l %rrdgicrec“ on

is, where nis an i nt eger nor'e equa to or approxinately equal to

a (n/2 +dﬁ’f‘%¥rac£i %e%sti?lfiﬁ{oﬁ%'{}eoghé rhsbr AEK: O 3304 %{(@a{ an%g' Ee groove.

6. An optica plc up as se a|m4 erein a romthe

center par f t| cal s sal aser ctl an beam to the
uEDS% n{'ﬁaell Oooctht BPa Sr{a ddfuorI;ﬂ sub aser

center par I'eal 3%id
dlffl‘aCtIfOI’l Qe
ron

gberration 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;



in the disk radial direction is, when mis an integer of 0 o8 Aupnsi?00dqua
to or approximately equal to a (m+ 172) times of the pitch of said track
or said track guide groove 7. An optical pickup as set forth in clainms 4,
5, or 6 wherein said wave front aberration is the coma aberration
generated at a transparency substrate of said optical disk. 8 Atilt

detection appayAlUsnjEoRSd 3bhY: céu1didikr agih annobaking for diffract a laser
beamfroma I|aser to generate a Oth order diffraction beamand +-first

orqer diéifﬁ&&k@Bnbﬁéﬁ§hhﬁ4e§pﬁﬁﬂyﬁk %QQﬁuﬁQf%QkGSEE%ﬁdlens_for col l ecting
said Oth order diffraction beamand +--first order diffracti on beans and

exposi ng the heapss{o Ife optical disk on which track guide grooves are
formed; a generating circuit for generating push-pull signals of said

- Tirst order fiftract ondeans EEHeohd: 3c S0P palop i ki and a

detection circuit %or detecting a tilt o salaﬁhptl i sk based on the

sum of _t he. pushypybhe 51 gnakac0loSalddtebi 5 cBier dld [hagtion beans, - and

wherei n eac sal -Tirs ffracti on beans exposed to said

optical disks s bhe phass distpl bt Lon.eanale Lo, 0r, substantigl |y equal to
t he phase™di's ri BUtron duieto the wave ront abérration generated on said

opti cal d(ljfskk V}@ gaiacligrecocq%lncia‘g, dulrhSeK:el 131 Eé 'éne%t‘é"&‘gﬁ GAP;O 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



sai d phase distribution of one of said +--first order diffr&cAugntbEENS 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 beans is a phase distribution generated
when the tilting angle of said optical disk is a negative constant angle.

9. Atiltadeheetion dHFabatusn AeasehnfiOfHird Anal abMB subhesedn; 75 3 August
2004 said objective lens collects said Oth order diffraction beam and

exposes idi#f@atBeoh NAGs0insBhdh RPbheabs di-si.rs@ndrdedigstranger fdrom t he
center part of the optical spot of said Oth order diffraction beamto the

center pafdarf ahBedi Optaiceahg SRRty efi rsdi shat-Jdcbat QnslansdirfHLacd iven beanms in
the disk radial direction |s where n is an integer of 0 or nore, equal

to or appyaeraRtelyraguab £ 8cnd Hhd raééfl)dltﬂf@sétpén agmBi { £ Rfingsai d
track or said track guide groove. 10. Atilt detection apparatus as set

forth in £lanm2qa0f SrerhbEiberne@nprising a photodetector, and wherein;
sai d photodetector conprises |ight receiving portions for receiving each

of said +-Tirst, opder: tid NGt koR Aeanktial! 8elpdaiatigald optical disk,

and each of said light receiving portions “is divided in the direction in

response &f%figgtiéﬁuﬁgéﬁ r§ﬁ&'§H&d %&r§@'££(ﬁggtﬁaguglfageraagffractlon

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.



said generating circuit generates the push-pull signals of SalwbustItodst
order diffraction beans based on the ®3tput signals fromsaid |ight

recei ving portions of said photodetector. 11. Atilt detection apparatus as
set forth in any one of <clains 8 to 10, further conprising an actuator for
novi ng said objective lens in the disk radial direction in response to an

eccentrioity afp 3gkdcoPtdicalp H5skt aRdthbis Audust, 2004anposi tion sensor
for detecting the quantity OF novenment or the quantity of change of said

obj ective | ensy,jandpyber8id 1885 d-SelRG: 9R: &idLW taJePeliales afon _
eccentricity signal Tn response to the eccentricity of said optical disk

based on il andUaiiddet oF MOVEIPRELE $NGAUABLE s 10k changs det ected by
said position sensor and detecting a sai d optical disk based on

the deference befiwegn & h@m%lurrrhefcérﬂeexpgﬁkqtpa%'t@ gg@léapfspo§a59 +-first

order diffraction beans and said eccentricity S|gna Atilt detection

appar at us,a GONRLE ST, B EELSL: il BEAGTL O BLANG: édb%fa@ect' ng a | aser

beam froma er to generate a main |aser beamindl |ng a Oth order

e I er ggn%gtpgct i on aPldrs%e%QBdséncﬁ]ddl%?lﬁr aC%eaJ:m%ilf!Eg one of

+first or Beans Seco ion grating for

dlffractln sald aser. hea enerate, a naln | aser_diffracti on beam
|nclud|ng€%' Soth ¢ orde?s% ?ﬁ%&fg% Begﬁ?éﬁh PRFFS AR Forth-si Igser

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;



diffraction beans including one of +first order diffraction3 Aeass209dd
diffracting said first and second sub74 aser beans to generate first and
second sub laser diffraction beans including a Oth order diffraction beam
an objective lens for collecting said main |laser diffraction beamand said
first to forth sub laser diffraction beans and exposing the beans to an

optical disk qm wWiiebtifaaaknsgbderneevesy A o 0EAeskaehk’ 3 August 2004 a
generating circuit for generating push- pul? signals of said main |aser

di ffractigrepgamandesal Gnbifsdirds@ Hpadh Bubrabasar Wdihbraedion beans
reflected at said optical disk; and a detection circuit for generating an

eccentri cyip¥sshgndle HeBmkeEHAIRE o?@i&é"f cﬁ%ﬁ‘ce%r‘iﬂ@i&b’_t%cﬁac%@idéo“ cal disk
based on the push-pull signals of said nain |aser diffraction beam and

said third and ford espbglaser diffraction beanms and detecting a tilt of
said optical disk based on the deference between the sum of the push-pull

signal's of said gqfﬁgie%%%gbd AZERNE AU Jefsel i Al LLACLLON N8R, and sal d

eccentricity si wherel n each of sal irst”and second sub | aser

diff ti b d [ ' [ t he, hstributi
caual 10 7 SUBETHn TA Ty Eoa Lo R BhACE AT ETT AuCTon e o Lhe wave

front abe .S%t_i %[11 generated on said optical disk when said optical disk is
tilted. 1I3.77A |?t detection apparatus as set forth in claim12, wherein;

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;



said objective lens collects said main |laser diffraction bedmugudt2)0doses
it to the track of said optical disk,7and a distance fromthe center part

of the optical spot of said main |aser diffraction beamto the center part
of the optical spot of said first and second sub | aser diffraction beans
in the disk radial directionis, where nis an integer of 0 or- nore, equal

to or approxi nafiel ¥peatlvet 0eds (M1l ettd/ 4did otIES rOE  thiE RBEE T said
track or said track guide groove. 78 3 August 2004 14. A tilt detection

appar at U, cas 588 &:9iddesi Re Ct@ivRel2rac WY @laRdao g staneesk! ond he center
part of the optical spot of said main laser diffraction beam to the center

part of the qpl4icahnSPAropf tAAI Ldddid dadpdhd Qukt Byl apet gEffraction
beans in the disk radial direction is, when mis an integer of 0O or nore,

equal t()é@iﬂaggﬁcggdgy:ﬁh¥ff§ﬁ%¥ont8egm(fe'Eh%/génﬁéfnﬁirgfoftgﬁé pitch of said
track or said track guide groove. 15. Atilt detection apparatus as set

forth in & 12000 3:06a; 44 Whete! hioaicd Rhase; ol SLhbuLl ahcolape of

said first or second su aser diffraction beans Is a phase distribution

gener at ed when ot he. it 09 ANgle,of, sal d.aLieale df Sk L 8 nasial ve

constant ang sai d phase distribution anot hier "of -~ 'sal aflirst or

second Sc%bo&aglié%r%;ifmfartgg},gpﬁaqewai o Bhase, it But Lon gener ated  when

the tilting ang sal cal "drs eb i've ~cons ngle.

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



16. Atilt detection apparatus as set forth in any one of cBaupmstZD0do 15,
further conprising a photodetector, af@ wherein; said photodetector
conprises light receiving portions for receiving each of said main |aser
diffraction beamand said first to fourth sub |aser diffraction beans
reflected at said 79 3 August 2004 optical disk, and each of said |ight
recei ving portd @sik$on HaHsdedrbh ddiecdihg@Cthoruantl g pomsRvbaehhe track
direction on said optical disk, and said generating circuit generates the

push- pul lo:sitgBaksaditysaitdcRBhde lFsehididf et bomiegmeanduisaddnf i rst to
fourth sub |laser diffraction beans based on the output signals fromsaid

l'ight receivingipoattossi i csakdi Phpidatestsl eckéntfididy sdghgetipn met hod
conprising the steps of: diffracting a | aser beamto generate a Oth order

di ffracti,QnBasm 8tk bibsheordery def fLactiencheait ands-§XxRPYNg sai d
generated Oth order diffraction beamand +-first order diffraction beans

to an Optd[dé??alti@%/sgf ARRERP bheHd 3eknt OU) 48 GhLORYEHALEEQTIED 1generati ng
push-pul | "signals of said +-first order “diffraction beans reflected at

sai d optigal; (dbgkse UL A8 EEEdNARGNE 114 @ 5585 b ARLLGak; O Sk gsed on
the sum of the push-pull signals of sard +first order diffraction beans,
and wher &j N (§aChe Pl Sl pdefibd S ler@r dah & Tilaghlon, paans  pefl et ed at

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;



said optical disk has the phase distribution equal to or suBshwusi Ky
equal to the phase distribution due té7the wave front aberration generated
on said optical disk when said optical disk is tilted, wherein; said phase
di stribution of one of said +- first order diffraction beans is a phase

di stribution generated when the 80 3 August 2004 tilting angle of said

optical disk issg@npestiy/&i¢enst afir aRakeat &l pt@hdpRasA gelbstréputi on of
anot her of said +- first order diffraction beans is a phase distribution

gener at ed MeRatheladdd b Rorandlen bamadgh aptibcal vl o ksrén NRGAt i ve
constant angle. 18. Atilt detection nethod as set forth in claim17,

wherein; 1.52kdqeXPORINGnShemdas iRer sk efs i qCobl el BYsRAI ghdX h order
diffraction beamand +-first order diffraction beanms and exposing said h

order diffract] QRcbead itle:tr g%fnef?:éjc?ng opt ie%éénéi}i%&rtyagg?ﬁaﬁi stance

fromthe center part of the optical spot o said Oh order diffraction

beam to tihe ceptere Y tnaf o & trrggggga&f sl 8htpald V%t-sici bsledider

diffraction beans In the dis direction 1s, ere n 1s an integer

of 0 or r@lreepuglgf%lll ts‘lgﬂélé‘pcpf %)éitigg}églﬁ( 8qual d&?flaac(t?/gg Hedhh Andl | S of

the pitch of track or sal gui de groove. Atilt detection

met hod as, S&t f,0L4 'Ltr{d‘ f%}@h M7 195:38y; ¢ S AREE SOMY LEhNGe{ NG 134CR Of
generating an eccentricity signal I n response
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.



to the eccentricity of said optical disk, and wherein said détlagustipidt ep
has a step of detecting the tilt of $3id optical disk based on the

di fference between the sumof the push-pull signals of said +first order
diffraction beanms and said eccentricity signal. 81 3 August 2004 20. A
tilt detection nethod, conprising the steps of: diffracting the |aser beam
to generate a nain | aser beamincluding a Oth order diffraction beam and
first and second sub |aser beans including one of +-first order

di ffractign beams;t difddaehi BPpsadhdMaisNsbasRIrheam énagenerate a main
| aser diffraction beamincluding a Oth order diffraction beamand third

and fourtfhesdbnl as@rstdnkbr asdd ambeanset ydHdoRorieRficar fpdsioror der
diffraction beanms and diffracting said first and second sub |aser beans to

generate sfa!llasha@ﬂ?dla%%cxoegfﬂ@cﬂl%%%eaﬂ' &4 r@{‘et leRteam+i Belyi ng a Oth
or der dlffractlon beam exposing said nmain | aser diffraction beam and said

first éit(i%ihsﬁcﬂp dfaégﬁddtﬁ { I PGhORRAAE uh01 88k OREiIr¢aLdi &K On  which

track QUI e grooves are fornmed; generating push-pull signals of said main

| aser aEn@C%hOEhé)ed?n aE‘Qd:?é‘# %é.lr'e%&oﬁ SLJ OybLh RURy @S¢k didsf IgCH on

beans re l'ected at sai opt generating an eccentricity signal

| N T eSPONTE et NEnu ACRBNLE! Sld.dhateld fpthoab £ aK Pased Oddge

push-pul I "si gihal s sai I"aser ction bean1 said third and

fourth sy |.38eh sk [L5ACELQ0, RSATS ; aNe: 48! §5i LBy Addd L of said optical

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



di sk based on the deference between the sum of the push-pull 3 Auggpeal(94of
said first and second sub laser diffré&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

vwave froptkialerdaid,oangesssaterd sanasal ghioptkiceal ik PYorvhenssai d opti cal
disk is tilted, wherein; said phase distribution of one said first or

second sufyvihagein dirf bactiOibbeaNselSorsPRASendi Stddibut oo ganenat ed when
the tilting angle of said optical disk is a positive constant angle, and
sai d phasgidi shidyt i@axof s@pother of said first or second sub |aser
diffraction beans is a phase di stribution generated when the tilting angle

of said optical,;di ﬁgnélsat%_n_@egi’-fr&‘{@c RARSLAS HAObGsh2du1 Adibhhy dedection
met hod as set forth in claim 20, wherein; said exposing stép has a step of

col | ecti ng;saj.d; mejn lagee diffraction heam.and:sald i kst 4 fgurth sub

| aser diffraction beans and exposing sald main [aser diffraction beanms to

the trac‘ia@‘éﬁ?&?@%ﬁ%ﬁ!b %r%(’ba% g gn iRt ANeEuLromdNG ¢eO &laiRart of the

optical spot o main laser diffraction beamt©o the center part of the

optical sk oL, salfl i 3t AN 3e0and, sy aser diffraction beams in the
di sk radial alrec Ion-is, ere n Is an integer o
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



O or nore, equal to or approximately equal to a (n/2 + 1/4) 3tAupest 2004t he
pitch of said track or said track gui 8@ groove. 22. Atilt detection nethod
as set forth in claim20, wherein a distance fromthe center part of the
optical spot of said 83 3 August 2004 nain | aser diffraction beamto the
center part of the optical spot of said third and forth sub | aser
d'ffraCt'EHth%@”§n%ﬂb1HEesa9a$hnﬁQQhah19kﬁﬁ§t'985&@1vé”&%ﬂs€hh§ Ayient eger of
0 or nore equal to or approximately equal to a (m+ 1/2) tinmes of the
pitch of said track or sai'd track guide groove. 23. An optical disk
apparatus, conprising: an optical pickup for diffracting a |aser beam from

a laser, generaling,a. Qtfcosders ol iy achion. Deameand, +fist Jonder

dlffractlon beans having the p ase stri utlon equal to or approximtely

equal d& hfﬁ: WE@%& Ul 913“% a%léedggtlgﬂﬁ_]t\ﬁ%}lxegerﬁé%edaQ’EéﬁaE]Leon of an

opti cal en the optlc sk I'S xposi ng the Oth order
diffracti +-f i I cti t al di sk,
and recelgﬁhqgangﬁ£ﬂ%fgds qg%aﬁ%é%k%%gégggggﬁg§f?§ﬁ%gﬁ% oﬁ#%%al di sk
to generate signals in response to each of the reflected signals; a signa
generation circuit for generating push-pull signals of said received
reflecte af . a st sal firs r dlf raction beans; a tilt
detectlo%'0|r H}lFo% %ﬂf@@?l Rgte ﬂ%EF1FFE ?O ﬁ?t%]fp Eeﬁgﬁgd on the
sum of said gengrated PHS-RUL a8 8RR\ 2e0E gfa'cdoﬁet:u% Sldep.fli firaction

beans; and

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.



atilt correction portion for correcting the tilt of the opBiduusidi®Kk in
response to said detected tilt. 84 3 #&ugust 2004 24. Atilt detection
apparatus for use in an optical pickup, detection neans operable to detect
atilt of an optical disc according to the nethod of any one of clains 17
to 22. 25. An optical pickup according to any one of clains 1 to 7 or
apparatus according to any one of clains 8 to 16 or 23 and 24, further
conprising a laser for outputting a | aser beam 3 August 2004 -85 OPTI CAL

Pl CKUP, Tid.T DEREGT! QN ARRARALMS o leBmPETEQIdB GNeMELELD AND OPTI CAL DI SK
APPARATUS ABSTRACT OF THE DI SCLOSURE A tilt detection appar atus capabl e of

detecting the gitddrbcRind N ORLEEAI helinSko BEQVI LR Wb Iy & dRSEhhRY
outputting a |laser beam a diffraction grating for diffracting the |aser

beam fr om,sai@ihgselo0 ogagﬁrﬁﬁ@ct%lh Getndi H factinansbeamn ang +-first
order diffraction beans which have the phase distribution equal to the

. phase distddbUbled 9i8 hond h&%\ﬁﬂ@f& %Qaer_na&wﬂac%eﬁr@%%,on an

optlcal di sk when the optical disk is ilted, an objective lens for

col l ecting Sa'%&'x%& | On g ReaEs And Bé%%@%e%@?apgaﬁ%al% fhe. pptical

di sk, a photodetector or generating signals corresponding to said

+-first 95f¥?iagki£ﬂéE Jﬁogngfﬁﬁgﬁd’%fbgﬁtg¥hé¥ d§§kgactlon 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 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



optical disk, a signal generation circuit for generating thé 4wt
signal s based on the generated signal8 and a tilt detection circuit for
detecting the tilt of the optical disk based on the push-pull signals.
Figure 10
or substantially equal to the phase distribution due to the wave
front aberration génerated on said optical disk when said
optical disk is tilted, wherein;
said phase distribution of one 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 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



3 August 2004
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main laser diffraction beam to the center part of the optical
spot of said third.and forth sub laser diffraction beams in the
disk radial direction is, when m is an integer of 0 or more,
equal to or approximately equal to a (m + 1/2}) times of the

pitch of said track or said track guide groove.

23. BAn optical disk apparatus, comprising:

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

a signal 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.
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24, A tilt detection apparatus for use in an optical pickup,
detection means opérable to detect a tilt of an optical disc

according to the method of any one of claims 17 to 22.

25, An optical pickup according to any one of claims 1 to 7 or
apparatus according to any one of claims 8 to 16 or 23 and 24,

further comprising a laser for outputting a laser beam.





