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OPTICAL PICKUP, TILT DETECTION APPARATUS, TILT DETECTION 

METHOD AND OPTICAL DISK APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention·relates to an optical 

pickup for exposing a l~ser beam passed through a 

diffr·action gra~ing to an optical ·disk, a tilt detection 

apparatus, a tilt detection method 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, the deterioration of the signal 

quality of a recording signal and/or a reproducin9 signal 

of the optical. disk may be. occurred. For co~recting the· 

tilt of the optical disk, it is ~ecessary to detect the 

tilt of the optical disk and genera.ta a signal in 

response to the tilt. . 

·An invention of an optiqal pickup is disclosed in 

Japanese Unexamined Patent Publication (Kokai) No.9-

128785. In this Publication, in an optical pickup 

comprising a laser beam source, an objective lens and an 

aberration correction use liquid crystal panel, it is 

disclosed to change the refractive index of the liquid 
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crystal panel in response to the thickness or the tilting 

angle of the liquid crystal panel. 

Further, it is disclosed that a tilt sensor 

detects the tilting angle and a liquid cryst~i panel 

control circuit drives the liquid crystal panel to change 

the ref~active index based on the tilting angle. 

In the optical pickup of said Publication No.9-

128785, the position for arranginq the. tilt ·sensor is 

restr.icted, and, in the optical disk, .a point to which 

the l.aser beam is exposed is different from a point where 

the tilt sensor detects the tilt, and thus it is 

d.ifficult 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 optica1·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. 

A first optical pickup according to the present 

i~vention.comprises a laser for outputting a laser beam; 
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a diffraction grating for diffracting the laser beam from 

said laser to generate a 0th.order diffraction beam and 

+-first order diffraction b~ams; an objective lens for 

collecting.said 0th order diffraction beam and said+­

first order diffraction 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 +-first order diffraction beams reflected at said 

optical disk, and each of said +-first order diffraction 

beams exposed to said optica~ disk has the· phase 

distribution equal to or substantially equal to the phase 

distribution due· ·to the wav:e front aberration generated 

on said optical disk when said optical disk is tilted, 

and s~id photodetector compri·ses ligJ:i t 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. 

In the first optical pickup according to the present 

invention, preferably, said objective lens collects said 

0th order diffraction beam and exposes it to the track of 

said optical disk, and a distance fro~ the center part 

qf the optical spot of said 0th order diffraction beam to 

the center part of the optical spots of said +-first 

order diffraction beams in the disk radial direction is, 
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where n is an inteqer of 0 or more, equal to or 

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

of said track or said track guide groove. 

In the first optical pickup accordinq to the present 

invention, preferably, said phase distribution of one of 

said +-first order diffraction beams is a phase 

distribution generated when the.tilting anqle of said 

optical disk is a positive constant anqle, and said phase 

distribution of another of said +-first order diffraction 

bea.ins i.s a phase distribution generated when the til tinq 

angle of s~id optical disk is a negative constant angle. 

In the first optical pickup according to the present 

invention, pr~ferably, it further comprises an actuator 

for.moving said_ objective lens in the disk radial 

direction in response to an eccentricity of said opti~a1 

disk, and a position sensor for detect~nq the quanti"ty of 

movement or the quan~ity of .change of said objective 

lens. 

A second optical pickup accordinq to the present 

invention comprises a laser for outputting a laser beam, 

a first diffraction grating for diffracting the laser 

beam from said laser to generate a main laser beam 

including a 0th o~der diffraction beam and first and 

second sub laser beams including one of +-first order 

diffraction beams, a second diffraction grating for 
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diffracting said main laser beam to generate a main laser 

diffr~ction beam including a 0th order diffraction beam 

an4 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 0th 

order diffraction beam,·· an objective lens for collecting 

said main· laser diffraction beams and said first to forth 

sub laser diffraction be~s and exposing the beams to an 

optical disk on which track ·guide grooves are fo:cmed, and 

a .Ph_oto_detector for generating signals in response to 

said main laser diffraction beams and said ·first to forth 

sub laser diffraction beams reflected at said o~tica1 

disk, and each of said first and second sub laser 

diffraction beams expos~d to said optical disk has the 

phase distribution equal to.or substantially equal to the 

pha~e distribution due to the wave front aberration 

generated on said optical disk when said optical disk is 

tilted. 

In the second optical pickup according to the present 

invention, preferably, said objective lens collects said 

main laser diffraction beam and exposes it to the track 

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

of the optical spot of said main laser diffraction beam 

to the center part of the optical spots of said first and 
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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 the second optical p_ickup according to the present 

invention, preferably, a distance from the center part of 

the optical spot of said main laser diffraction beam to 

the center part of the optical spots of ·said third and 

forth sub laser diffraction beams in the disk radial 

direction is, when m is an integer of 0 or more, equal to 

or approximately equal to a (m + 1 I 2) times of the 

pitch of said track or said track gu,ide groove. 

In the second optical pickup accordirig to the present 

invention, preferably, said phase distribution of one of 

said first or second sub laser diffraction beams is a 
. . 

phas~ distribution generated when the tilting angle of 

said optical disk is a positive constant angle, and said 

phase distrib~tion 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 the second optical pickup according to the present 

invention, preferably, said photodetector comprises light 

receiving portions for receiving each of said main laser 

diffraction beam and said first to forth sub laser 
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diffraction beams 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 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 

generated at a transparency substrate of said optical 

disk. 

· A first tilt detection apparatus according to the 

present invention comprises a laser for outputting a 

laser beam, a diffraction grating for diffract the laser 

beam· from said laser to generate a 0th order diffraction 

·beam and +-first order diffraction beams, an objective 

lens for collecting said 0th order diffraction beam and 

+-first order diffraction beams and expo~ing.the ~eams to· 

the optical disk on which track guide grooves are formed, 

a generating circuit for generating push-pull signals of 

said +-first order diffraction beams reflected at said 

optical disk, and a detection circuit for detecting a 

tilt of said optical d~sk based on the sum of the push­

pull signals of said +-firs.t order diffraction beams, and 

each of said +-first order diffraction beams exposed to 

said optical disk has the phase distribution equal to or 

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

said optical disk.is tilted. 

In the first tilt detection apparatus according to 

the present invention, preferably, said·objective lens 

collects said 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 0th order 

diffraction beam to the center part of the optical spots 

of said +-first orde~ diffraction.beams in the disk 

radial direction is, where n is an integer of o. or more, 

equal to or approximately equal to a (n/2 + 1/4) times of 

the pitch of said track or said track guide groove. 

In the first. tilt detection apparatus according to 

the present invention, pr~ferably, 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 o·f said +-first 

order diffraction beams is a phase distribution generated 

when the tilting angle of said optical disk is a negative 

constant angle. 

In the first tilt detection apparatus according to 

the present invention, preferably, it further comprises a 

photodetector, said photodetector comprises light 

receiving portions for receiving each of said +-first 
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order diffraction beams ref1ected at said optical disk, 

.and each of said 1ight receiving portions is divided ~n 

the direction in response to the track direction on said 

optical disk, and said generating circuit g.enerates the 

_push-pull signals of said +-first order diffraction beams 

based on the output signals from said light receiving 

portions of said photodetector. 

In the first tilt detection apparatus according to 

the present invention, preferab.ly, it further ~omprises 

an actuator for moving said objective lens in the' disk 

radia1 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, and said detection circuit generates an 

eccentricity signal in response to the eccentricity of 

said optical disk based on said quantity of movement or 

the_ quantity of ch~nge detected-by said position sensor 

and detecting a tilt of said optical disk based on the 

deference between the sum of the push-pull signals of 

said +-first order diffraction beams and said 

eccentricity signai. 

A second tilt detection apparatus according to the 

present invention comprises a laser for outputting a 

laser beam, a first diffraction grating for diffracting 

the laser beam from said laser to generate a main laser 
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beam including a 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 beani. including a 0th order diffraction beam 

and third and forth sub laser diffraction beams including . 

·one of +-first order diffraction beams and diffracting 

said first and second sub laser beams to generate first 

and second sub laser diffraction beams including a 0th 

order diffraction beam, an objective lens for collecting 

said main laser diffraction beam and said first to forth 

sub laser diffraction beams and expo~ing the beams to an 

optical disk on which track guide grooves: are formed, a 

generating circuit for generating push-pull signals of 

said main laser diffraction beam and said first to forth 

sub laser diffraction beams reflected at ·said optical 

disk, and a detection circuit for gene~ating an 

eccentricity signal in ·response to the eccentricity of 

said optical disk based on the push-pull signals of said 

main laser diffraction beam and said third and forth sub 

laser diffraction beams and detecting a tilt of said 

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 
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exposed to said optical disk has the phase distribution 

equal to or substantially.equal to the pµase distribution 

due to the wave front aberration generated on said 

optical disk w~en said optical disk is -tilted. 

In the second tilt detection apparatus according to 

the present invention, preferably, said objective lens 

collects said main laser diffraction beam and exposes it 

to the track of said optica1 disk, and a distance from 

the center part of _the optical spot of said main laser 

diffraction beam to the center part of the optical spots 

of said first and second sub laser diffraction beams in 

~he 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 

c;rroove .. 

In the s~cond tilt detection apparatus according to 

the present invention,. further preferably, a distance 

from the center part of the optical spot of said main 

laser diffraction beam to the center part of the optical 

spots of said third and forth sub laser diffraction beams 

in the disk radial direction is, when m is an integer of 

0 or more, equal to or approximately equal to a (m + ~) 

times of the pitch of said track or said track guide 

groove. 

In the second tilt detection apparatus according to 
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the present invention, pref@rably, said phase 

distribution of one of said first or second sub laser 

diffraction beams is a phase distribution generate_d when 

the tilting angle of said optical disk is a positive 

constant angle, and said phase dis~ribution 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 the second tilt detection apparatus according to 

the present invention, preferably, it further comprises a 

photodetector, and said photodetector comprises light 

receiving portions for receiving each of said main laser 

diffraction beams and said first to forth 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 forth sub laser diffraction beams based on 

the output signals from said light receiving portions of 

said photodetector. 

A first tilt detection method according to the 

present invention comprises the steps of diffracting a 

laser beam to generate a 0th order diffraction beam and 

+-first order diffraction beams and exposing said 
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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 til.t 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 

g~nerated·on said optical disk when said optical disk is 

tilted. 

In the first tilt detection method according to the 

present invention, preferably, said exposing step has the 

steps of collecting said 0th order diffraction beam and 

+-first order diffraction beams and exposing.said 0th 

order diffraction beam to the track of said optical disk, 

and a distance from the center part of the optical spot · 

of said 0th order diffraction beam to the center part of 

the optical spots of said +-first order diffraction beams 

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

0 or more, equal to or approximately equal to a (n/2 + 

1/4) times of the pitch of said track or said track guide 

groove. 

In the first tilt detection method according to the 
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present invention, preferabiy, said phase distribution of 

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

distribution generated when the ti1ting 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 the first tilt detection method according to the 

present invention, preferably, ut further comprises the 

step of generating an eccentricity signal in response to 

the eccentricity of .said optical disk, and said detecting 

step ha~ a step of detecting the tilt of said optical 

disk based on the difference between the sum of the push-

pull signa1s of said +-first order diffraction beams and 

said eccentricity signal. 

A second tilt detection method according to the 

present invention comprises the steps of diffracting the 

laser beam to generate a main laser beam inc1uding a 0th . . . . ... ,,. 

order diffraction beam and first and second sub laser 

beams including one of +-first order diffraction beams, 

diffracting·said main laser beam to generate a main laser 

diffraction beam including a 0th order diffraction beam 

and third and forth sub laser diffraction beams including 

one of +-first order diffraction beams and diffracting 

said first and second sub laser beams to generate first 
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and second sub 1aser diffraction beams inc1uding a 0th 

order diffraction beam, exposing said main 1aser 

diffraction beam and said first to forth sub 1aser 

diffraction beams to an optical disk on which track guide 

grooves are formed, generating push-pu11 signa1s of said 

main laser diffraction beam and said·first to forth 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 forth sub laser diffraction beams and detecting . . . . 

a tilt o~ 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 ti1ted. 

In the second tilt detection method according to the 

present invention, preferably, said exposing step has a 

step of collecting said main laser diffraction beam and 

said first to forth sub laser diffraction beams and 

exposing said main laser diffraction beam to the track of 
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said optical disk, and a distance from the center part of 

the optical spot of said main laser diffraction beam to 

the center part of the optical spots of said first and 

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 the second tilt detection method according to the 

present invention, further preferably, a distance from 

the center part of the optical spot of said main laser 

diffraction beam to the center part of the optical spots 

·of said third and f Qrth 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 I 2) 

times of the pitch of said track or said track quide 

groove. 

In the second ·tilt detection method-.according to the 

present invention, preferably, said phase distribution of 

one of said first or second sub laser diffraction beams 

is a phase distribution generated when the tilting angle 

of said optical disk is a positive constant angle, and 

said phase distribution of another of s'aid 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. 
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An optical disk apparatus according to the present 

invention comprises an optical pickup for diffracting a 

laser beam from a laser, generating a 0 order diffraction 

beam and +-firs~ 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 

th~ 0 order diffraction beam and +-first order 

diffraction beams to the optical disk, and receiving 

reflected b~CUJlS 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. 

In the first tilt detection apparatus according to 

the present invention mentioned above, the +-primary 

diffraction beams generated by the diffraction grating 

have a phase distribution equal to or nearly equal to the 

phase distribution due to the wave front aberration 

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

By said phase distribution, the push-pull signal of 

one of the +-primary diffraction beams becomes the 

maximum value at the certain tilt angle(0) 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 a~ the result of 

·addition of the push-pull signals of the +-primary 

9-iffraction beams, the value of the additional signa~ 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 til~ angles can be obtained, so 

that the tilt angl~ is detectable by the additional 

signal. 

In the second. tilt detection apparatus according to 

the present inventi~n mentioned above, the first and 

second sub laser diffraction be~s generated by the first 

and second diffraction gratings have a phase distribution 

.equal to or substantially equal to the phase distribution 

due to the wave front aberration generated on the optical 

disk while the optical disk has a tilt. 

By said phase distribution, the push-p~ll s~gnal of 

one of the first and second sub laser diffraction beams 

becomes the maximum value at the certain tilt angle(0) 

and the push-pull signal of another of the first and 
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second sub 1aser diffraction beams becomes the minimum 

value at the certain tilt angle(-9) . By obtaining an 

additional siqnal as the result of addition of the push­

pull siqi,.als of the first and second additional ·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. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and features of the.present 

invention will become more clearer from.the following 

description of the preferred embodiments with reference 

to"the accompanying drawings, in which: 

Figures lA and lB 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 
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fringes calculated using the computer hologram technology 

as an example; 

Figures 4A and 4B are views of the configuration of 

the diffraction grating formed the interference fringes 

shown in Fig. 3 as an example; 

Figure 5 is a schema tic view of the confi·gura ti on of 

the optical pickup comprising the diffraction gra~ing 

shown in Figs. 4A and 4B; 

Figure 6 _is a schema tic view of the configuration of 

the light receiving portion of the photodet~ctor shown· in 

Fig. 5; 

Figure 7 is a view for ejcplaining the arrangement of 

the light 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 angle 

when both the cases the tracking error is exist (detrack 

state) and is not exist (on track state); 

Figure 10 is a block diagram showing an embodiment of 

the optical disk apparatus comprising the optical pickup 

shown in Fig. 5; 
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Figure 11 is a flow-chart showing the detection 

method for ·detecting the tilt in the radial direction of 

the optical disk in the tilt detection apparatus of the 

optical disk apparatus; 

Figure 12 is a view of the configuration of the 

optical pickup formed by adding the diffraction grating 

to the optical pickup; 

Figure 13 is a.view of the configuration of the light 

receiving portion of the photodetector shown in Fig. 12; 

Figure 14 i• a view f ~r explaining the arrangement of 

the light spots on the recording plane of the optica1 

disk; 

Figure 15 is a view for explaining the relationship 

between the tilt error signal TS and the tilting ang1e 

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. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will 

be explained with reference-to the attached drawings. 

An optical disk apparatus generally comprises an 

optical pickup, collects a laser beam outputted from the 

semiconductor laser inside the optical pickup, and 

exposes it to the optical disk. 

Fig. lA and lB are views for explaining the 

relationship between the light intensity and the position 

of the light spots formed on the optical disk as an 

example. Fig. lA is a view for showing the relationship 

between the light intensity and the posit~on when the 

optical disk is not tilted (on track state) as an 

example·. Fig. lB 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 siderobe appears in the tilting direction. 

Further, due to the lowering of t?e intensity of the 

center of the light spot, the amplitude of the 

reproducing signal in response to the quantity of the 

reflected light is decreased, and thus the quality of the 

signal may deteriorates. 

This is because, when the laser beam strikes a 
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transparency substrate (disk substrate) of the tilted 

optical disk, the laser beam passed through the 

transparency substrate to the recording plane is 

effected, the spatial phase distribution, for example the 

phase di.stribution due to the wave front aberration, and 

the coilecting pe~formance of the light spot formed on 

the recording surface becomes lower. 

When the phase ·c:listribtition correspondi~g to the 

tilting angle e is given to one laser beam in -advance, 

the phase distribution corresponding to the tilting angle 

-e 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 generate the sum siqnal, the 

characteristic curve becomes (A+B) , so tha·t the tilt 

error signal in response to the tilts (or the tilting 

angle) of positive and negative can be obtained. 

In the present embodiment, to detect a tilt of an 

optical disk, the phase distribution equal to or 

approximately equal to the phase distribution' generated 

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

direction is added to the laser beam by using the 

diffraction grating before the striking it to the optical 
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disk. 

In the optica1 pickup of the·related art, the 0th 

order diffraction beam and the +-first order diffraction 

beam_s, generated by the laser beam passed through the 

diffraction grating, have a homogeneous or substan.tially 

homogeneous phase distribution in a propagation 

direction. The 0th order diffraction beam and the +-first 

order diffraction beams pass through the objective lens 

to f o.rm one main 1ight spot and two sub light spots on 

the optical disk at the same time. 

On the other hand, by forming the diffraction grating 

the specific pattern, the 0th order diffraction beam may 

have the homogeneous phase and the +-first order 

diffraction beams may be given the spatial phase. 

distributions genera.tad 'when they pass through the disk 

substrate ti1ting in positive direction and n~gative 

direction. 

As the result, passing thro~gh the objective lens, 

one main light spot when the optical disk is not ti1ted 

and 

two-sub light spots equal to or substantially equal to 

the case the positive and negative tilts exist, may be 

formed on the optical disk at the same time. 

Here, by applying the computer hologram technology, 

the interference fringes fo.rmed on a screen by the laser 
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beam striking the screen in a right angle and having a 

homogeneous phase distribution and laser beams striking 

the screen with the predetermined angle and direction to 

the abo.ve laser beam having the homogeneous phase 

distribution and having spatial phase distributions 

generated when they pass through the disk substrate 

tilting in positive direction or negative direction, can 

be obtained found by ~ computer. 

Note that, the angle.and direction of the two laser 

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

order diffraction beam and the +-first order diffraction 

beams after passing through the diffraction grating in 

the case that the diffraction grating is mounted on the 

optical pickup. 

First, the phase distribution of the laser beam 

passing through the tilted disk substrate is defined by 

the equations. The descr.iption by polynomial development 

of· the wave front aberration is used for defining the 

equations. 

By the polynomial ~evelopment of the wave front 

aberration, the coma aberration is major part of the wave 

front aberration generated by the ti-1 ting transparency 

substrate. 

When this coma aberration We is expressed by the 

following equation (1), where xis a position in the disk 
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radial direction, and an orthogonal coordinate (x,y) 

standardized (normalized) by the aperture radius on the 

aperture plane of the objective lens. 

Wc(x,y)= 

2nW11X + 2nW31X (x2+y2
) + 2nW51X (x2+y2

) 
2 

... (1) 

In the above equation (1), W11 is a wave front 

coefficient for detel:mining the position of the light 

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

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

chosen. 

Further, W31 and W51 are coma aberration coefficients 

W31 (A.) and W51 (.A) standardized (normalized) by the l.aser 

beam wavelength .A, and each of them is shown in the 

following equations (2) and (3) . 

W51 (.A)={ (n2-1) n 2 tNA5 (n4+3n2cos20-5n2sin2 0+4sin20-sin40) 

sin0cose} I { 8.A (n2-sin20) 912 } ••• ( 3) 

In the above equations (2) and (3), NA is a numerical 

aperture of the objective lens, .A is a wavelength of the 

laser beam from the light source, n is the reflective 

index of the disk substrate, t is the thickness of the 
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disk substrate, and 0 is the tilting angle indicating the 

tilt of the disk substrate. The material of the disk 

substrate is, for example, the polycarbonate and its 

reflective index is about 1.5. 

To the laser beam having the homogeneous phase ' 

distribution, the phase distribution Wd of the laser beam 

striking with the tilt of direction p and the angle a to 

th~ laser beam having the homogeneous phase.distribution 

is ~xpressed by the equation (4), where xis a position 

in the di·sk radial direction and the orthogonal 

coordinate (x,y) standardized (normalized) by the 

apezture radius r on the aperture plane of the objective 

le~s .. Note, the tilt direction p is 0 degree in a radial 

direction (or x direction) and-90 degree in a track 

direction. 

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

Under the above conditions, the interference fringes 

appeared by the laser beam. having the phase distribution 

of {Wc(x, y)+Wd(x'- y)} when A is a certain value and the 

laser beam with the homogeneous phase striking the screen 

vertically, is calculated. 

Fig. 3 is a view for explaining the interference 

fringes calculated under the conditions of 0=1.0°, 

a=0.2°, and P=90°. No~e that, NA=0.6, A 650nm, t=0.6mm, 

n=l.5, r=2mm, .and W11=-2W31/3-W51/2 are set. Further, a 
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ring in Fig. 3 corresponds to an aperture of the 

objective lens. 

Via the processes that the interference fringes is 

considered the binary inform.ation concerning with 

lightness and darkness (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 configuration of the 

diffraction grating produced 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 diffract~on grating 9 sectioned at line C . 

In the diffraction grating 9, the gr~ove 9B $UCh as 

undulating is form.ad on the glass subs·trate 9A. The d:epth 

of ~e groove 9B·is determined-based on the ratio of the 

light intensity between 0th order diffraction beam and +­

first order diffraction 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 
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of the +-first order diffraction beams forms the light 

spot equivalent to or substantially equivalent to the 

case that the positive tilting angle e is exist in the 

disk radial direction, and another of the +-first order 

diffraction beams forms the light spot equivalent to or 

substantially equivalent to the case that the negative 

tilting angle (-0) is exist in the disk radial 

direction. 

~ig. 5 is a view showing the configuration of the 

optical pickup comprising the ~ffraction 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 2F, 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. 
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direction of the optical disk 80, so that it transfers 

the objective lens 2 in. the radial direction· of the 

optical d~sk 80 to realize the tracking servo. Note that, 

when the eccentricity of (the rotation of) the optical 

disk" 80 is exist, the tracking actuator 80 transfers the 

objective lens 2 in r~sponse to the eccentricity in the 

disk radial direction based on the same driving signal 

Ste. 

The semiconductor 1aser 4 outputs a linearly 

polarized 1aser beam bas.ad 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 9 divides the laser beam from 

the collimator lens 5 into the main laser beam including 

0th order diffraction beam and the first and second sub 

laser beams including +-first order 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 through the laser beams 

from the diffraction grating 9 and provides them for the 

objective lens 2. 

The objective lens 2 collects the laser beams from 
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the beam splitter 3 and provides them for the track of 

the optical disk 80 forming lands and/or grooves. The 

optical disk 80, on which the track guide grooves are 

formed, is, for example, a compact disc (CD), a digital 

video disk (DVD) / a phase change type optical disk (PD) 

and so on. 

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 

the objective lens 2 are exposed, r~flects and outputs 

the exposed laser b~ams and provides them for the 

collecting lens 6. ~ 

The collecting lens 6 collects the laser beams from 

the beam splitter ·3 and provides them for the cylinder­

shaped lens (cylindrical lens) 7. 

The cylindrical lens 7 makes the laser beams· from the 

collecting lens 6 pass through and provides them for the 

photodetector 8. 

The photodetector 8 receives the laser beams from the 

cylindrical lens 7 at the light receiving portion and 

generates output signals SAu, SAd, SBu, SBd, and SC-SF. 

The center point sensQr 12 is a position sensor, by 

·detecting the quantity of the movement or the quantity of 

the change of the lens holders 2H in the disk radial 

direction, detects the quantity of the movement or the 
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quantity of the change of the objective lens 2, and 

generates the detection signal SR indicating said 

detected quantity of the movement or said detected 

quantity of the change detected. 

Fig. 6 is a view showing the configuration of the 

light receiving portion of the photodetector 8 shoWll in 

Fig. 5. 

The photodetector. 8 comprises a main light receiving 

portion SSO and the first and second· sub light receiving 

portions 8Sl 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 

divided 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 SSO 1s divided into 

four of the same or approximately same parts by the two 

dividing lines 8Sx0, 8Sy0 crossing at right angle and 

comprises four division areas 8Au, 8Ad, 8Bu, BBd. In the 

main light receiving portion SSO shown in Fig. 6, the 

main light spot MS is formed by (the reflected light of) 

the main laser beam from the cylindrical lens 7. 

The division area 8Au generates the output signal SAu 

in response to the light quantity (the reflected light 

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

The division area 8Ad generates the output signal SAd 

in response to the light quantity of the main laser beam 

provided for the area 8Ad. 

The division area 8Bu generates the output signal SBu 

in response to ~e light quantity of the main laser beam 

provided for the area 8Bu. 

The division area 8Bd generates the output signal SBd 

in respon~e to the light quantity of the mairi laser 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 of the cJ.ividing line 8Sx0 or the dividing line 

8Sy0 of the main light receiving.portion SSO." The 

dividing line 8Sy0 (or the dividing line 8Sx0) of the 

main light receiving portion 8SO for which the main laser 

beam reflected 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 light 

receiving portion 8SO into two of the same or 

approximatel~ same pa~ts. 

The cross point of the dividing lines 8Sx0 and 8Sy0 

is in the center part or in the approximately center part 

of the main laser beam passing through the cylindrical 

lens 7. 
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The shape of the light spot MS formed at the main 

light receiving portion 8SO changes diagonally in 

accordance with the distance 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 

signals SAu, SAd, SBu, and SBd generated by the division 

areas 8Au, 8Ad, 8Bu and 8Bd using the astigmatic method. 

Note that, the angle defined by the line formed by the 

centers of the light-receiving portions 8S0-8S2 and the 

dividing line 8Sy0 corresponds to said direction ~-

The first sub light receiving portion 8Sl is divided 

two of the ~ame or approximately same part~ by the 

dividing line SSyl and comprises twq division areas SC, 

:so. In the first sub light receiving portion.8Sl show in 

F~g. 6, the sub l_ight spot SSl is formed by (the 

reflected light of) the first sub laser beam from the 

cylindrical lens 7. 

The division area SC generates the output signal SC 

in response to the light quantity (the reflected light 

quantity) of the sub laser beam provided for the area SC. 

The division area SD generates the output signal so. in 

response to the light quantity (the reflected light 

quantity) of the sub laser beam provided for the area SD. 

The center part of the first sub light receiving 

portion BSl is in the center or approximately center of 
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the first sub laser beam passinq throuqh the cylindrical 

lens 7. 

The second sub light receivinq portion 8S2 is divided 

two of the same or approximately same parts by the 

dividing line SSy2 and comprises two division·areas SE, 

SF. In the first sub light receiving portion SSl show in 

Fiq. 6, the sub light spot SS2 is fo.rmed by (the 

reflected light of) the second sub laser beam from the 

cylindrical lens 7. 

The division area SE generates the output signal SE 

in response to the liqh t quantity (the ref·lected light 

quantity) of the·sub laser.beam provided for the area SE. 

The division area SF generates the output signal SF in 

respon~e to the light quantity (the reflected light 

quantity) of the sub laser beam provided for the area SF. 

The center part of the second sub light receiving 

portion SS2 is in the center or approximate~y·center of 

the second sub laser beam passinq through the cylindrical 

lens 7. The dividing lines SSyO-SSy42 are parallel or 

approximately parallel each other. 

Fig. 7 is a view for explaining the arrangement of 

the liqht spots on the recording side of the optical 

disk. 

On the recording side of the optical disk SO, the 

land LA and the groove GR are f o.rmed and the groove GR 
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foJ:m.s a track guide groove. 

On the recording side of the optical disk 80, the 

main light spot MB by the main laser beam having a large 

quantity of light and the first and second sub light 

spots Ll and L2 by the first and second sub laser beam 

having a small quantity of light are formed. 

The first sub light spot Ll comprises the spot LlO 

corresponding to the mainrobe and the spot Lll 

corresponding to the siderobe. 

The second sub light spot L2 comprises the spot L20. 

corresponding to the mainrobe and the spot L21 

corresponding to the siderobe. 

The main laser beam is reflected at the main light 

spot MB and provided for the main l·ight receiving 

portion 8SO of the photodetector 8. 

The first sub laser beam is reflected at the first 

sub light spot Ll 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 Ll is in the 

center or approximately center of the first sub light 

receiving portion 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 
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center or approximately center of the second sub light 

receiving portion 8S2. 

The light receiving-portion 8S0-8S2 of the 

photodetector 8 have the configuration which can detects 

the push-pull signals in the disk radial direction by the 

dividing lines 8Sy0-8Sy2. 

The position of two.of the sub light spots Ll and L2 

on the reco·rdi?g $Urf ace 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 value, another of the push-pull signals 

becomes the minimum value. 

The distances from the main light.spot MB to two of 

the·. sub light. spots Ll and L2 on the·. optical disk 80 are 

same arid detel:lllined by the angle a mentioned above. 

Further,. when the two sub light spots Ll and L2 are 

at the desired positions, the direction p is formed as 

the phase distribution, which are equal to or 

approximately equal to the phase distribution generated 

to the two sub light spots Ll and L2 by ·the tilt of the 

disk substrate in the disk radial direction, are given. 

Namely, the distances 012 from the center part of the 

main light spot MB to the center parts of the two sub 
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light spots Ll and L2 in the disk radial direction is 

expressed in the next equation (5) by using the pitch Tp 

of ~he grooves GR (or the track pitch) and an integer n 

of 0 or more .. 

D12 = (n I 2 + 1 I 4) Tp ..• (5) 

Especially, in the case the land groove configuration 

whose ratio of the width of the land LA and groove GR is 

1:1, the center parts of the sub ·lig~t spots Ll and L2 

are arranged at th~ bo~ndary or the ~pproximately 

boundary between the land LA and the groove GR. 

The tilt error signal T.S indicating the tilt of the 

optica~ disk 80 can be obtained from the sum. (PPl+PP2) of 

the push-pull siqnals PPl and PP2 obtained from the 

output signals of ·the first and second sub light 

receiving part 8S2{ 8S2 shown in Fig. 6. 

· The push-pull ~ignal of first sub ·laser·beam. is 

PPl=SC-SD, the push-pull signal of the second sub laser 

beam is PP2=SE-SF, and the tilting error signal is 

expressed by the ne~t equation (6) . 

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

= PPl + PP2 .•• (.6) 

Note that, the push-pull signal PPO obtained from the 

output signal of the main light receiving portion SSO is 

PPO=SAu+SAd-SBu-SBd and useable as the tracking error 

signal TE. 
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Fig. S is a view for explaining the relationship 

between the tilt error signal TS and the tilting angle. 

Here, the values of each parameters are like this 

6=0.75°, NA=0.6, A=405nm, t=0.6mm and Tp=0.7µm. 

As shown in Fig. 8, the tilt error signal TS becomes 

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 Clre obtained. 

Fig. 9 is a view for eJCPlaining 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 triangles 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. 

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 l..ight spot occurs. 

As shown in Fig. 9, In the tilt error signal TS, when 

the 10% of detrack occurs, the tilting angle in the disk 

radial direction changes about 0.05°, the ratio of the 

change is small, and the desired characteristic is 
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obtained. 

Fig. 10 is a block diagram showing the configuration 

of an emboclim:ent of the optical disk apparatus comprising 

the optical pickup shown in Fig. 5. 

This optical disk apparatus 99 comprises a motor 30, 

a motor driving circuit 35, a tilt correcting portion 36, 

a compensation circuit 40, an amplifier 42, an optical 

pickup 50, an amplifier (head amplifier) 52, a laser 

driving circuit 55, a signal generation circuit 60, an 

information detection circuit 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 comprises an 

ti1t detect~on·apparatus 95. This ti1t detection 

apparatus 95 comprises the compensation circuit 40, 

ampiifier 42, the optica1 pickup 50, ·the ampii£ier 52, 

the 1aser driving circuit 55, the signa1 generation 

circuit 60, the information detection circuit 65, the 

tilt detection circuit 66, and the control circuit 70. 

The control circuit 70 is a controller engaged in the 

controlling the whole of the optical disk apparatus 90 

and includes, for example, a microcomputer. 

This control circuit 70 controls the motor 30, the 

motor driving circuit 35, the laser driving circuit 55, 
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the optical pickup SO, the compensation circuit 40, the 

information detection circuit 65, the tilt detection 

circuit 66 and so on. 

The optical pickup 50 exposes the laser beam LB to 

the reproducing point of the optical disk 80 when 

reproducing. 

The laser driving circuit 55 generates a driving 

signal SL under. the control of the control circuit 70 and 

drives the semiconductor laser 4 in the optical pickup 50 

by the driving signal to make the semiconductor laser 4 

expose the laser beam LB. · 

The motor 30 is, for example, a spindle motor and 

rot~tes the optical disk 80 at the predetermined rotation 

velocity. This motor 30 rotates t~e opt~ca1 disk 80 

,for ex~p.1e, as the linear velocity becomes constant. 

speed. 

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) ~ontrol 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 SO to 

provide them for the signal generation circuit 60. 
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The signal generation circuit 60 generates a 

reproducing signal RFO in response to ·the quantity of the 

reflected beam of the main laser beam, the push-pull 

signals PPl and PP2 of the first and second sub laser 

beams, the focus error signal FE, and the tracking error 

signal TE based on the amplified output signals SAu, SAd, 

SBu, SBd, and SC-SF from the amplifier 52. 

The signal generation circuit 60. generates the 

reproducing signal RFO (=SAu+SAd+SBu+SBd) based on the· 

sum of the output signals SAu, SAd, SBu, and SBd· from the 

. c.. 
amplifier 52. 

Further, it generates the push-pull signal PPl (=SC.-

SD) based on the differences of the output signals SC and 

SD from the amplifier 52. 

~rther, it generates the push-pull signal PPl (=SE-

SF) based on FJie differences of the output si~nals SE and 

SF from the amplifier 52. 

Further, t~e signal generation circuit 60 generates 

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

astigmatic method, for example, based on the difference 

of the output signals SAu, SAd, SBu, and SBd 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 
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tracking error signal TE. 

the compensation circuit 40 compensates the focus 

error signa1 FE and the tracking error signal TE (the 

phase compensation and/or the frequency compensation) to 

generate a compensation signal and provided the 

compensation signal for the amplifier 42. 

The cµnplifier 42 _amplifies the compensation signal of 

the focus error signal FE to generates the driving signal 

Sfe and provides it for the· focusing actuator 2F in the 

optical pickup 50. 

Further, the amplifier 42 amplifies the compensation 

signal of the tracking error signal TE to generates the 

driving signal Ste and provides it for the tracking 

actuator 2T in the optical pickup 50. 

The tilt detection circuit 66 ·detects the tilt or the 

tilting angle based on the sum of the push-pull signals 
, 

PPl and PP2. Concretely, ~t generates 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 infoJ:mation detection circuit 65 is provided the 

reproducing signal RF_O from the signal genera ti on circuit 

60, carries out the demodulation of the reproducing 

signal RFO and so on, and outputs the reproduced 
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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 ~nd reproduces the recording information based 

on the address. 

The control circuit 70 generates a cross track signal 

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

and d~tects whether the position of the light.spot of the 

main laser beam is on the track or not based on the 

signal CT. The cross track signal CT is referred, for 

example, when the light spo~ cross the track as seeking. 

The tilt correcting portion 36 corrects the tilt of 

the optical disk 80. ·For example, the control circuit 70 

controls the tilt co_rrecting portion 3 6 based on the tilt 

error signal TS by the close loop control. The tilt 

correcting portion 36-corrects the tilt under the control 

of the control circuit 70 so that the tilt error signal 

TS becomes 0. 

Fig. 11 is a flow-chart showing the detection method 

for detecting the tilt in the radial direction of the 

optical disk 80 in the tilt detection apparatus 95 of the 

optical disk apparatus 90. 

First, in the step Slll, the diffraction grating 9 of 

the optical pickup 50 diffracts the laser beam from the 

semiconductor laser 4 to generate the main laser beam 
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incl.uding the 0th order diffraction beam and first and 

second sub laser beams each including +-first diffraction 

beams. 

The first ane second sub laser beams have a phase 

·distribution equal. to or substantial.ly equal to the phase 

distribution due to the wave front aberration generated 

on the ~ptical. disk 80 when the optical disk 80 is 

tilted. 

These laser beams ( the main laser beam and the first 

and second sub 1aser 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 1aser 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 

main laser beam to expose the track of the optical. 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 

ph~todetector 8 passing through the beam splitter 3, the 

col.l.ecting lens 6, and the cylindrical. lens 7. 

In the step S113, the photodetector 8 receives the 

main laser beam and the first and second laser beam 
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reflected at the optical disk 80 at the light receiving 

portions 8S0-8S2 to generate the output signals SAu, SAd, 

SBu, SBd, and SC-SF. Theses output signals are provided 

for the signal generation circuit 60 via the amplifier 

(head amplifier) 52. 

In the step 8114, the signal generation circuit 60 

generates the reproducing signal RF in response to the 

quantity·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 th~t, the reproducing signal RFO is provided 

for the information detection circuit 65 and the 

recording inf~rmation is extracted. 

In the step SllS, the tilt detection circuit 66 

detects the tilt or the tilting angle of the optical disk 

80 based on the sum 0£ 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 eccentricity of 

the optical disk is small. 

When the eccentricity of the optical disk is large, 

the objective lens2 is transferred in the disk radial 
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direction in response to the eccentricity, the light spot 

on the light receiving portion is moved, and the offset 

occurs on the tilt error signal TS in response to the 

eccentricity. 

For the above reason, it is preferable to remove the 

offset due to the eccentricity from the tilt error signal 

TS. 

To remove the offset due to the e~centricity from the 

tilt error signal TS, another diffraction grating is 

added to the optical pickup 50. And predetermined 

operation is carried out using the diffraction beams 

generated by the added diffraction grating. 

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 pickup 51 shown in Fig. 12, 

the same po~tions as the optical 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 grating 11, a beam splitter 3, an object lens 

2, a collecting lens 6, cylindrical lens 7, a 

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

and a tracking actuator 2T. 
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The semiconductor laser 4 outputs a linearly 

polarized 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 

diffractio~ grating 9. 

The diffraction grating 9 divides the laser beam from 

the collimator lens 5 into the main laser beam. inc1udinq 

0th order diffraction beam and the first and second sub 

laser beams including +-first order diffraction beams and 

provides these laser beams (the main laser beam and the 

first and sec.ond sub laser beams) for the diffraction 

grating l·l. 

The diffraction grating 11 compr~ses, for example, a 

glass substrate on which straight and parallel grooves 

are formed and diffracts the laser beams from the 

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

diffraction beam and +-first order diffraction beams of 

each of the laser beams to provide them for the beam. 

splitter 3. 

Concretely, the diffraction grating 11 generates a 

main laser diffraction beam which is a 0th order 

diffraction beam of the main laser beam from the 

diffraction grating 9 and third and forth sub laser 

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

Further, the diffraction grating 11 generates a first 

sub laser diffraction beam which is a 0th order 

diffraction beam of the first sub laser beam from the 

diffraction grating 9 and +-first diffraction beams of 

the first sub laser beam. 

Further, the diffraction grating 11 generates a 

second sub laser diffraction beam which is a 0th 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 fir.st and second sub laser beams 

are as small as to ignore them in comparison with the 

main l·aser diffraction beam and the third and f·orth sub 

laser diffraction beams. 

The beam splitter 3 passes through the laser beams 

from the diffraction grating 9 and 11 and provides them 

for the objective lens 2. 

The objective lens 2 collects the laser beams from 

the beam splitter 3 and provides them for the optical 

disk 80 formed lands and/or grooves. 

Further, the objective lens 2 returns the laser beams 

reflected at the optical disk 80 to the beam splitter 3. 

The beam splitter 3, to which the laser beams from 
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the objective lens 2 are exposed, reflects and outputs 

the exposed.laser beams and provides them for the 

collecting lens 6. 

The·collecting lens 6 collects the laser beams frqm 

the beam splitter 3 and provides them for the cylinder­

shaped lens (cy~indrical lens) 7. 

The cylindrical lens 7 passes through the laser beams 

from the collecting lens 6 and.provides them for the 

photodetector 18. 

The photod~tector 18 receives the laser beams. (the 

main laser diffraction beam and the first to forth sub 

laser diffraction 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 receiving portion of the pho"todetector 18 shown· in 

Fig. 12. 

The photodetector 18 comprises a main light receiving 

portion 8SO and the first and forth sub light receiving 

portions 8Sl-8S4. Each of the light re.ceiving portions 

8S0-8S4 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 8SO is divided into 
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four of the same or approximately same parts by the two 

division lines 8Sx0, 8Sy0 crossing at right angle and 

comprise~ four division areas 8Au, 8Ad, 8Bu, 8Bd. In the 

main light receiving portion SSO shown in Fig. 13, the 

main light spot MS is formed by (the reflected light of) 

the main laser beam from the cylindrical lens 7. 

The division area 8Au generates the output signal SAu 

in response to the light quantity (the reflected light 

quantity) of the main laser beam provided for the area 

8Au. 

The division area 8Ad generates the output signal SAd 

in response to the light qua~tity of the main laser beam 

provided for the area 8Ad. 

The division area 8Bu generates the_ output signal SBu 

in response to the light quantity of the main laser beam 

provided for the area 8Bu. 

The division area 8Bd generates the output signal SBd 

in response to the li·ght quantity of the main laser 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 of the division line 8Sx0 or the division line 

8Sy0 of the main light receiving portion SSO. The 

division line 8Sy0 (or the division line 8Sx0) of the 

main light receiving portion aso for which the main laser 
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diffraction beam reflected at the optical disk 80 is 

provided is paralle1 or approximate1y para11e1 to the 

track direction of the optica1 disk 80, and divides the 

main 1iqht receiving portion 8SO into two of the same or 

approximate1y same parts. 

The cross point of the division 1ines 8Sx0 and 8Sy0 

is in the center part or in the approximate1y center part 

of the main 1aser diffraction beam.passing through the 

cy1indrica1 lens 7. 

The shape of the light spot MS formed at the main 

~ight receiving portion aso changes diaqona11y in 

accordance ·with the distance b.etween the optica1 disk 80 

and the objective 1ens 2, so that the focus eccentricity 

at the optica1 disk 80 is detectabie based on the output 

signa1s SAu, -SAd, SBu,. and SBd genera'ted by the division 

areas 8Au, 8Ad, 8Bu and 8Bd using. the astigmatic method. 

Note that, the ang1e defined by the 1ine formed by the 

light receiving portions 8S0-8S2 and the division line 

8Sy0 corresponds to said direction p. 

The first sub 1ight receiving portion 8Sl is divided 

two of the same or approximate1y same parts by the 

division 1ine 8Syl and comprises two division areas SC, 

SD. In the first sub 1ight receiving portion 8Sl shown in 

Fig. 13, the sub 1ight spot SSl is formed by the first 

sub laser diffraction beam from the cy1indrica1 lens 7. 



-53-

The division area SC generates the output signal SC 

in response to the light quantity (the reflected light 

quantity) of the sub laser diffraction beam provided for 

the area SC. The division area SD generates the output 

signal SD in response to the light quantity (the 

reflected light quantity) of the sub laser diffraction 

beam provided for the area SD. 

The center part of the first sub light receiving 

portion 8Sl is in the center or approximately center of 

the first sub laser diffraction beam passing through the 

cylindrical lens 7. 

The second sub light receiving portion SS2 is divided 
, 

two of the same or approximately same· parts by the 

division line 8Sy2 and comprises two division areas SE, 

SF. :In the second sub light receiving portion 8S2 show in 

Fig. 13, the sub light spot SS2 is formed by (the 

reflected light of) the second sub laser diffraction.beam 

from the cylindrical lens 7. 

The division area SE generates the output signal SE 

in response to the light quantity (the reflected light 

quantity) of the sub laser diffraction bea:in provided for 

the area SE. The division area SF 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 BF. 
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The center part of the second sub light receiving 

_portion SS2 is in the center or approximately center of 

the second sub laser diffraction beam passing through the 

cylindrical lens 7. 

The third sub lig~t receiving portion 8S3 is divided 

two of the same or appro·xima tely same parts by_ the 

division line SSy3 and comprises two division areas SG, 

SH. In the third sub light receiving.po~tion SS3 show in 

Fig .. 13, the sub ·light spot SS3 is formed by (the 

reflected ligh_t of) the third sub laser diffraction beam 

from the cylindrica·l lens 7 . 

The division area SG generates the output signal SG 

in response to the light quantity (the reflected light 

quantity) of the sub laser diffraction beam provided for 

the area 8G. The division area SH generates ~e output 

signal SH-in response to the light quantity (the 

reflected light quantity) of the sub laser diffraction 

beam provided for the area SG. 

The center part of the third sub light receiving 

portion SS3 is in the center or approximately center of 

the third sub laser diffraction beam passing through the 

cylindrical lens 7. 

The forth sub light receiving portion 8S4 is divided 

two of the same or approximately same parts by the 

division line 8Sy4 and comprises two division areas SI, 
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SJ. In the forth sub light receiving portion SS4 show in 

Fig. 13, the sub light spot SS4 is formed by (the 

reflected light of) the forth sub laser diffraction beam 

·from the cylindrical lens 7. 

The division area SI generates the output signal SI 

in ~esponse to the light quantity (the reflected light 

quantity) of the sub laser diffraction beam provided for 

the area SI. The division area SJ generates the output 

signal SJ in response to the light quantity (the 

reflected light qu~ntity) of the sub laser diffraction 

beam provided for ~he area SJ. 

The center part of the forth sub light receiving 

portion SS4 is in the center or approximately center of 

the forth sub laser diffraction beam passing through the 

cylindrical lens 7. The division lines SSy0-8Sy4 are 

parallel or approximately parallel each other. 

Fig. 16 is a view for explaining the arrangement of 

the light spots on the recordi~g 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. 

On the recording side of the optical disk 80, the 

main light spot MB by the main laser diffraction beam 

having a large quantity of light and the first to forth 
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sub light spot Ll-L4 by the first to forth sub laser 

diffraction beams having a small quantity of light are 

fo.z:med. 

The first sub light spot Ll comprises the spot LlO 

corresponding to the mai·nrobe and the spot Lll 

corresponding to the siderobe. 

The second sub light spot L2 comprises the spot L20 

corresponding to the mainrobe and the spot L21 

corresponding to the siderobe. 

The main laser diffraction beam is reflected at the 

main light spo~ MB and provided for the main light· 

receiving portion 8SO of the photodet~ctor 18_. 

The ~i~st sub laser diffraction beam is reflected at 

the first sub light spot Ll· and provided for the first 

sub light receiving portion 8Sl of the photodetector 18·. 

The center ·of the sub laser diffraction· beam re~lected at 

the spot Ll is in the center or approximately center of 

the first sub light receiving portion 8Sl. 

The second sub laser diffraction beam is reflected at 

the second sub light spot L2 and pro~ided for the second 

sub light receiving portion 8S2 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 8S2. 

The third sub laser diffraction beam is reflected at 



the third sub liqht spot L3 and provided for the third 

sub liqht receivinq portion 8S3 of the photodetector 18. 

The center of the sub laser diffraction beam reflected at 

the spot ~3 is in the center or approximately center of 

the third sub light. receivinq portion 8S3 .. 

The forth sub laser diffraction beam is reflected at 

the forth sub light spot L4 and provided for the forth 

sub light receivinq portion 8S4 of the photodetector 18. 

The center of the sub laser diffraction beam reflected at 

the sp~t L4 is in the center or approximately center of 

the forth sub liqht receivinq portion 8S4. 

The light receivinq portion 8S0-8S4 of the 

photodetector 18 have the configuration which can detects 

the push-pull siqnals in the disk radial direction by ·the 

division lines 8Sy0-8Sy4. · 

The distances from the main liqht spot MB to two of 

the sub liqht spots Ll and L2 on the optical disk 80 are 

same and determined by the anqle a mentioned above. 

Further, when the two sub light spots Ll and L2 are 

at the desired positions, the direction ~ is formed as 

the phase distribution, which are equal to or 

approximately equal to the phase distribution generated 

to the two sub light spots Ll and L2 by the tilt of the 

disk substrate in the disk radial direction, are given. 

Namely, the distances D12 from the center part of the 
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main light spot MB to the center parts of the two sub 

light spots L1 and L2 in the disk radial direction is 

expressed in the equation (5) mentioned above by using 

the pitch Tp of the grooves GR and an integer n of 0 or 

more. 

Further, the di~tances 034 from the center part of 

th~ 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 'l'p 

of the grooves GR and an integer m of 0 or more. 

034 = Cm + 1 I 2) Tp ••• (7) 

Especially, in the case the land groove configuration 

whose ratio of the· width of the land LA ~nd groove GR is 

1:1, the center parts of the sub light spots Ll and L2 

are arranged at the center or approximately center of the 

groove GR. 

The eccentric~ty signal RO in response to the 

eccentricity of the optical disk 80 is calculated by the 

next equation (8) based on the push-pull signal PPO of 

the main la.ser diffraction beam and the push-pull. signals 

PP3 and PP4 of the third and forth sub laser diffraction 

beams. 

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

=PPO + k (PP3 + PP4) 

In the above ~quation (8) , by correcting the 

... (8) 
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difference of the light intensity between the main spot 

MS of the main light receiving portion SSO and the sub 

spots SS3 and SS4 of the sub light receiving portion 8S3 

and 8S4 by a coefficient k, the eccentricity signal RO 

can be detected because the polarity between the push­

pull element PPO and the push-pull element PP3 and PP4 is 

opposite. This correction coefficient k is expressed by 

the next equatio~ (9) . 

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

= RFO/(RF3+RF4) .•. (9) 

Therefore, by subtracting the signal (kOXRO) of the 

result of the multiplication of the eccentricity signal 

RO and a reasonable coefficient kO from the tilt error 

signal TS, the tilt error signal TSO removed the offset 

due to the eccentricity can be obtained. 

This tilt error signal TSO is expressed by the next 

~quation (10) . 

TSO = TS - kO . X RO 

= PP1+PP2-k0 X (PPO+k (PP3+PP4)) ... (10) 

Further, the correction coefficient kO for correcting 

the light intensity of the main light spot MS and the sub 

light spots SSl and SS2 is expressed by the next equation 

(11) . 

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

= (RFl+RF2)/(2 x RFO) ... (11) 
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Fig. 15 is a view for explaining the relationships 

between the tilt error signal TS and the tilting angle 

when the both cases the eccentricity exists and doesn't 

exist in accordance with the Fig. 8 and Fig. 9. 

The black circles.indicate the case the quantity of 

the eccentricity is O. 

The black squares indicate the case the quantity of 

the eccentri.city 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 thouqh ·the eccentricity 

occurs, the desired characteristic of the tilt error 

siqnal TSO is obtained. · 

Fiq. 16 is. a block diaqram showing the confiqura tio~ 

of an embodiment of the optical disk apparatus comprising 

the optical pickup 51 shown in Fig. 12. 

Further, in the opticill disk apparatus 9:L·shown in 

Fiq. 16,· the same portions as the optical disk apparatus 

90 shown in Fig. 10 are given the same references and the 

explanation of them are suitably omitted. 

This optical disk apparatus 91 comprises a motor 30, 

a motor driving circuit 35, a tilt correcting 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 
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information detection circuit 65, a tilt detection 

circuit 67, and a control circuit 71. 

Further, the optical disk apparatus 91 comprises an 

tilt detection apparatus 96. This tilt detection 

apparatus 96 comprises the compensation circuit 40, the 

amplifier 42, the optical pickup 51, the amplifier 53, 

the laser· driving circuit 55, the signal generation 

circuit 61, the information detection circuit 65, the 

tilt detection circuit 67, and the control circuit 71. 

The control circuit 71 is a controller engaged in the 

controlling the whole of the optical dis~ apparatus 91 

and includes, for example, a microcomputer. 

This control circuit 71 controls the motor 30, the 

motc)r. driving _circuit 35, the laser driving circuit 55, 

the optical pickup 51, the compensation circuit 40, the 

·signal generation circuit 61, the information detection 

circuit ~5, ~e tilt detection circuit 67 and so on. 

The optical pickup 51 exposes the laser beam LB to 

the reproducing point of the optical disk 80 when 

reproducing. 

The laser driving circuit 55 generates a driving 

signal SL under the control of the control circuit 71 and 

drives the semiconductor laser 4 in the optical pickup 51 

by the driving signal to make the semiconductor laser 4 

expose the laser beam LB. 
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The amplifier 53 amplifies each of the output signals 

SAu, SAd, SBu, SBd and SC-SJ from the light receiving 

portions of the photodetector 18 comprised the optical 

pickup 51 to provide them for the signal generation 

circuit 61. 

The signal generation circuit 61 generates a 

reproducing signal RFO in response to the qilantity of the 

reflected beam of the main· laser diffraction beam and 

reproducing signals RF1-RF4 in response to the quantity 

of the reflected beams of the first to forth sub laser 

diffraction beams based on the amplified output signals 

SAu, SAd, SBu, SBd, and SC-SJ from the amplifier 53. 

Further, the signal generation circuit 61 generates 

the push-pull signal PPO of the main laser diffraction 

beam and the push-pull signal.s PP1~PP4 of the first to 

forth sub laser diffraction signals. 

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 RFO (=SAu+SAd+SBu+SBd)_based on the 

sum. of the output signals SAu, SAd, SBu, and SBd from the 

amplifier 53. 

Further, it generates the reproducing signal RFl 

(=SC+SD) based on the output signals SC and SD. 
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Further, it generates the reproducing signal RF2 

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

Further, it generates the reproducing signal RF3 

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

Further, it generates the reproducing signal RF4 

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

Further, the signa1 generation circui~ 61 generates 

the push-pull signa1 PPO (=SAu+SAd~SBu-SBd), for example, 

based on the difference of the output sig~als SAu, SAd 

and the output signals SBu, SBd from the amp1ifier 53. 

SD) 

SD. 

SF) 

SF. 

SH) 

SH. 

Further, 

based on 

Further, 

based on 

Further, 

based on 

it generates the push-pull signa1 PPl (=SC­

the difference of ·the ou.tput signal SC and 

it generates the push-pull· signal PP2 {=SE­

the difference of the output signal SE and 

it generates the push-pul1 signal PP3 {=SG­

the difference of the output signal SG and 

Further, it generates the push-pull signal PP4 (=SI~ 

SJ) based on the difference of the output signa1 SI and 

SJ. 

Further, the signal generation ~ircuit 61 generates 

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

astigmatic method, for example, based on the difference 
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of the output signals SAu, SAd, SBu, and SBd from the 

amplifier 53 in the diagonal direction. 

Note that, the signal generation circuit 61 makes the 

push-pull signal PPO the tracking error signal TE. 

The tilt detection circuit 67 detects the tilt or the 

tilting angle based on the sum of the push-pull signals 

PPl and PP2 and the eccentricity element. Concretely, it 

generates a tilt error signal TSO corresponding to the 

tilt angle based on the diff~rence of the sum of the 

pu~h-pull -signals PPl and PP2 and the eccentricity signal 

RO and it provides the generated tilt ~rror signal TSO 

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 RFO 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 circuit 71 generates a cross track signal 

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

and detects whether the position of the light spot of the 
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main laser beam is on the track or not based on the 

signal CT. 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 80. For example, the control circuit 71 

controls the tilt correc~ing portion 36 based on the tilt 

error signal TSO by the close loop control .. The tilt 

correcting portion 36 corrects the tilt under the control 

of the control circuit 71 so that the tilt error signal 

TS becomes 0 . 

Fig. 17 is a flow-chart showing the detection method 

for detecting the tilt in the radial direction of the 

op.tical 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 laser beam from the 
. : .• r 

semiconductor laser 4 to generate the·main laser beam 

including a 0th order diffraction beam and first and 

second sub laser beams each including +-first diffraction 

beams. 

Each of the first and second sub laser beams have a 

ph-ase 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. 
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These laser beams (the main laser beam and the first 

and second sub laser beams) are provided for the 

diffraction grating 11. 

In the step Sl22, the diffraction grating 11 

diffracts the main laser beam from the diffraction 

grating 9 to generate the main laser diffraction beam 

including a 0th order diffraction beam and third and 

forth sub laser diffraction beams each including +-first 

diffraction beam. 

Further, the diffraction grating 11 diffracts the 

first sub laser beam from the diffraction grating:9 to 

generate the first laser diffraction beam including a 0th 

order diffraction beam and diffracts the second sub laser 

beam from the diffraction grating 9 to generate the 

second laser diffraction beam including a·Oth order 

diffraction beam. 

These laser beams (the main·laser diffraction beam 

and the first to forth sub laser di~fraction beams) are 

provided for the objective len~ 2 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 t.o the phase distribution due to the 

wave front aberration generated on the optical disk 80 

when the optical disk 80 is tilted. 
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In the step Sl23, the objective lens 2 collects laser 

beams (the main laser diffraction beam and the first to 

forth sub·laser diffraction beams) from the diffraction 

grating 9 and 11 and provides them to the optical ·disk 80 

to expose the laser beams on the optical disk 80. The 

objective lens <2 collects the main laser diffraction beam 

to expose the track of the optical disk 80. 

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 ~rovided for the 

photodetector 18 passing through the beam splitter 3, the 

collecting lens 6, and the cylindrical lens 7. 

In the step S124,_ the photodetector 18 receives the· 

main laser diffraction beam and the first to forth laser 

diffraction beams reflected at the opt~cal disk 80 at the 

light receiving portions.8S0-8S4 to generate the output 

signals SAu, 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 S125, the signal generation circuit 61 

generates the reproducing signals RFO and RF1-RF4 in 

response to the quantities of the reflected main laser 

diffra9tion beam and the first to forth sub laser 

diffraction beams 

based on the output signals SAu, SAd, SBu, SBd and SC-SJ. 
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Further, the signal generation circuit 61 generates 

the push-pull signa~s PPO and PP1-PP4 of the main laser 

diffraction beam and the first to forth sub· 1aser 

diffraction beams. 

In the step S126, the tilt detection circuit 67 

detects the ti1t or the tilting angle of the.optical. disk 

80 based on the.difference of the push-pu11 signals PPl 

and PP2 and the first and second sub laser diffraction 

beams and the eccentricity signal. RO. Concretel.y, the 

tilt error signal TSO (=PPl+PP2-kOXRO) corresponding to 

the til.ting angl.e of the optical disk 80 is _generated 

based on the difference of the push~pul.l. signal.a PPl and 

PP2 and the ecc~ntricity signal RO. 

The optical pickup 51 with the configuration as 

mentioned above can detect the til.t of the o~tical disk 

when the optical. disk is·eccentric. 

Note tha·t, 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 may be replaced each other. 

Further, in the til.t detection apparatus 95 shown in 

Fig. 10, the til.t detection circuit 66 may be formed like 

that it detects the eccentricity signal RQ in response to 
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the eccentricity of the optical disk 80 based on the. 

detection sigpal SR from the center point sensor 12 of 

the optical pickup 50, generates the tilting error signal 

TS' based on .the difference of the sum of the push-pull 

signals PPl and PP2 and the eccentricity signal RQ, and 

provides the tilt error signal- TS' for the control 

circuit· 70. 

For example, it extracts the frequency element in 

response to ~e rotation period of the optical disk 80· 

from the detection signal SR and generates the 

eccentricity signal RQ based on the extracted frequency 

elenJ.ent. 

In this case, the step of generating the eccentri~ity 

signal RQ is include~"in the flow-chart shown in Fig. 11 

, and in the step Sll§ the tilt detectio~·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 present 

invention, the tilt detection apparatus and tilt 

detection method detectable the tilt of· the optical disk 

using the diffraction beams, the optical pickup can be 

applied to the tilt detection apparatus, and the optical 

disk apparatus can be provided. 
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CLAIMS 

1. An optica1 pickup, comprising: 

a diffraction grating for diffracting a laser beam 

from a laser to generate a Othorder diffraction beam and+-

first order diffraction beams which have the phase 

distribution equal to or substantially equal to the phase 

distribution due to the wave front aberration generated on an 

optical disk when the optical disk is tilted; 

an objective lens for col1ecting said 0th order 

diffra9tion beam and s~id +-~irst order diffraction beams 

and expo$ing the beams to the opt~cal disk. on which track 

guide grooves are formed; and 

a photodetector for generati~g si·gna1s 

corresponding to said +-first order diffraction beams 

reflected at said optical disk. 

2. An optica1 pickup as set forth in c1aim 1, 

.wherein; 

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 0th order diffraction beam to the center 

part of the optical spot of said +-first order 

1111111111111111111 11111111111 
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diffraction beams in the disk radia1 direction is, where 

n is an integer of 0 or more, equa1 to or approximate1y 

equa1 to a (n/2 + 1/4) times of the pitch of said track 

or a track guide groove. 

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

wherein; 

said phase distribution of one of said +-first 

order diffraction beams is a phase distribution generated 

when the ti1ting ang1e_of sa1d optica1 disk is a positive 

constant ang1e, and 

said phase distribution of another of said +-

first order diffraction ~eams is a phase distribution 

generated when the ti1ting ang1e of said optica1 disk is 

a negative constant ang1e. 

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

3 further comprising; 

an actu~tor for·moving said objective 1ens in the 

disk radia1 direction in response to an eccentricity of 

said optica1 disk, and 

a position sensor for detecting the quantity of 

movement or the quantity of change of said objective 1ens 

in the disk radia1 direction. 

5. An optica1 pickup, comprising: 

a first diffraction grating for diffracting a 

111111111111111111111111111111 
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1aser beam from a laser to generate a main 1aser beam 

including a 0th order diffraction beam and first and 

second sub laser beams including one of +-first order 

diffraction beams; 

a second d1ffraction grating ~or ·diffracting said 

main laser beam to generate a main. laser diffraction beam 

inc1uding a 0th order diffraction beam anq 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 0th order 

diffraction beam; 

an ?bjective lens for collecting said main laser 

diffraction beams and said first to forth sub laser 

diffraction beams and exposing the beams to an optical 

disk on which track guide grooves are formed; and 

a·photodetec~or 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 equal to or substantially equal to the 

phase distribution due to the wave front aberration 

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

. 6. An optical pickup as set forth in claim S, 

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 

s~ot 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 intege·r 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. 

7. An OJ>tical pickup as set forth in claim S, 

wherein 

a distance from the center part of the optical 

spot of said main laser diffraction beam to the center 

part of the optical spot of said third and forth sub 

laser diffraction beams in the disk radial direction is, 

when m is an integer of 0 or more, equal to or 

approximately equal to a (m + ~) times of the pitch of 

said track or said track guide groove. 

a. An optical pickup as set forth in claim S, 6 

or 7 wherein; 

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

distribution g~nerated when the ti~ting angle of said 

optical disk is a positive constant angle, and 

said phase distributio~.of another of said first 

or second sub laser diffraction beams is a phase 

distribution generated when the tilting arigle ·of said 

optical disk is a negative constant angle. 

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

7 or 8 wherein said wave front aberration is the coma 

aberration generated at a transparency substrate of said 

optical disk. 

10. A ti1t detection apparatus, comprising: 

a diffraction grating for diffract a laser beam from a 

laser to generate a 0th order diffraction beam and +-first 

order diffraction beams; 

an objective lens for co1lecting said 0th-order 

diffraction beam and +-first order diffraction beams and 

exposing the beams to the optical disk on which track 

guide grooves are f orm.ed; 

a ·generating circuit for generating push-pu11 

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 
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sa1d +-first order diffraction beams, and wherein, 

wherein 

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. 

11. A tilt detection apparatus as set forth in claim 

10, wherein; 

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 0th 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, equal to or approximately 

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

or said track guide groove. 

12. A tilt detection apparatus as set forth in 

claim 10 or 11, 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 
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said phase distribution of another of said +-

first order diffraction beams ~s a phase distribution 

generated when the tilting angle of said optical disk is 

a negati·ve constant angle. 

13. A tilt detection apparatus as set forth in 

claim 10, 11 or 12 further comprising 

a photodetector, and wherein; 

said photodetector comprises light receiving 

portions for receiv;ng each of said +-first order 

diffraction beams reflected at said optical disk, and 

each of said light receiving portions is ~ivided i~ the 

direction in r_esponse 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 sign~ls from said light receiving portions of 

said photodetector. 

14. A tilt detection apparatus as set forth in any one 

of claims 10 to 13, 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 positio~ sensor for detecting the quantity of 

movement or the quantity of change of said objective 

lens, and wherein 
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said detection circuit generates an eccentricity 

signal in response to the eccentricity of said optical 

disk based on said qu~ntity of movement or the quantity 

of change detected by said position sensor and detecting 

a tilt of said optical disk based on the deference 

between the sum of the push-pull signals of said +-first 

order diffraction beams and said e.ccen trici ty sign~l ·. 

15. 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 

0th order diffraction beam and first and second sub laser 

beams including one of +-first order diffraction beams; 

a sec::ond diffr_~ction grating for diffracting said 

main laser beam to generate a main laser diffraction beam 

including a 0th order diffraction beam and third and 

forth sub laser diffraction beams including one of +-

first order diffraction beams and diffract_ing said first 

and second sub laser beams to generate first and second 

sub laser diffraction beams including a 0th order 

diffraction beam; 

an objective lens for collecting said main laser 

diffraction beam and said first to for.th sub laser 

diffraction beams and exposing the beams to an optical 
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disk on which track guide grooves are formed; 

a generating circuit for generating push-pull 

signals of said main laser diffraction beam and said 

first to forth sub laser diffraction beams reflected at 

. ·said optical disk; and 

a detection circuit fo~ generating an 

eccentricity signal in r~sponse to the eccentricity.of 

said optical disk based on the push-pull signals of said" 

main laser diffraction beam and said tQird· and forth sub 

laser ~£fraction beams and detecting a tilt of said 

optical disk base4 on the deDerence between the -sum of 

th~ p~sh-pull signals of said first and second sub laser 

diffraction beams and said eccentricity signal, and 

wherein 

each of said first and second sub laser 

diffraction beams exposed .to said optical disk has the 

phase distribution equal·to. or substantially equal to the 

phase ·distribution due to the wave front aberration 

generated on said optical disk when said optical disk is 

tilted . 

. 16. A tilt detection apparatus as set forth in claim 

15, wherein; 

said objective lens collects said main laser 

diffraction beam and exposes it to the track of said 

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

s~ot 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. 
. . 

17. A tilt;. detection apparat:us -as set forth in claim 

15, wherein a distance from the center part of the 

optical spot of said main laser diffraction beam to the 

center part of the optical spot of said third and fourth 

s1;1b laser diffraction beams ·in the disk radial direction 

is, when m is an integer of 0 or more, equal to or 

approJ!:imately equal to a (in + ~) times of ·the pitch of· 

said tz;ack or said track guide groove. 

18. A tilt detection apparatus as set forth in claim 

15, 16 or 17 wherein; 

said phase distribution of one of said first or 

second sub laser diffraction beams is a phase 

distribution generated when the tilting angle of said 

optical disk is a positive constant 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. 
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19. A tilt detection apparatus as set forth in any 

one of claims 15 to 18, further comprising 

a photodetector, and wherein; 

said 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, and 

said generating circuit generates the push-pull 

signals of said main laser diffraction.beam and sai~ 

first to fourth sub laser diffraction beams based on the 

output signals from said light re~eiving portions of said 

phot~detector. 

20. A tilt detection method, comprising the steps of: 

diffracting a laser beam to generate a 0th order 

diffraction beam and +-f irs.t 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 opt1cal disk; 

and 

detecting the tilt of said optical disk based on 
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the sum of the push-pull signals of said +-first order 

diffraction beams, and wherein 

each of said +-first order diffraction beams 

reflected at said optical disk has the phase distribution 

equal to or substantially equal to the phase distribution 

due to the wave front aberration generated on said 

optipal disk when said optical disk is tilted. 

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

wherein; 

said exposing step has the steps of collecting 

said 0th ·9rder dif~~action beam and +-first order 

diffraction beams and exposing said 0th order diffraction 

beam to the track of said optical disk, and 

a distance from the center part of the optical 

spot of said 0th order diffraction beam to the center 

part of the optical spo~ of said +-first order 

dif.fraction beams in the disk radial direction is, .where 

n is an integer of 0 or more·, equal to or approximatel.y 

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 or 21, wherein; 

said phase distribution of one of said +-first 

order diffraction beams is a phase distribution generated 

when the tilting angle of said optical disk is a positive 

111111111111111111111111111111 
* C L M S * 



-82-

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 .. 

23. A tilt detection method as set forth in claim 

20, 21 or 22 further comprising 

the ·step of generating an ecc.entricity signal in 

response to the.eccentricity of said optical disk, and 

wherein 

said detecting step has a step of detecting the 

tilt o·f said optical disk based on the difference between 

the sum of the pu~h-pull signals of said +-first order 

d;ffraction beams and said eccentricity signal. 

24. A tilt detection method, comprising the steps of: 

diffracting the. laser beam 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; 

diffracti~g 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 
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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 

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 eccentricity signal, and 

wherein 

each of said first and second sub laser 

diffraction beams exposed to said optical disk has the 

phase distribution equal to or substantially equal to the 

phase distribution due to the wave front aberration 

generated on said optical disk when said optical disk is 

tiltiad. 

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

wherein; 

said exposing step has a step of collecting said 

main laser diffraction beam and said first to fourth sub 
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laser diffraction beams and exposing said main laser 

diffraction beams to the track of said optical disk, and 

a distance from the center part of the optical 

spot of 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 groo~e. 

26. A tilt detection method as set forth in claim 

24, wherein a distance from the center part of the optical 

spot of said main laser diffraction beam to the center part 

of the optical spot of said third and forth sub laser 

diffraction beams in the disk radial direction is, when m is 

an integer of 0 or more, equal to or approximately equal to a 

(m + ~) times of the pitch of said track or said track guide 

groove. 

27. A tilt detection method as set forth in claim 

24, 25 or 26, wherein; 

said phase distribution of one of said first or 

second sub laser diffraction beams is a phase 

distribution generated when the tilting angle of said 

optical disk is a positive constant angle, and 

said phase distribution of another of said first 

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

optical disk is a negative constant angle. 

28. An optical disk apparatus, comprising: 

an optical pickup for diffracting a laser beam from a 

laser, generating a Othorder 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 detec~ing the tilt 

of the optical disk based on the sum of said generated 

push-pull signals of said +-first order diffract~on 

beams; and 

a tilt correction portion for correcting the tilt 

of the optical disk in response to said detected tilt. 
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29. A tilt detection apparatus for use in an 

optical pickup, detection means operable to detect a tilt of 

an optical disc according to the method of any one of claims 

20 to 27. 

30. An optical pickup according to any one of 

claims 1 to 9 or apparatus according to any one of claims ·10 

to 19 or 28 and 29, further comprising a laser for outputting 

a laser beam. 
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