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OPTICAL PICKUP APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This is a divisional application of application Ser. 
No. 12/358,727 filed on Jan. 23, 2009, which claims the 
benefit of priority to Japanese Patent Application Nos. 2008 
14590 and 2008-28343, filed Jan. 25, 2008 and Feb. 8, 2008, 
respectively, of which full contents are incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to an optical pickup 
apparatus performing operations for reading signals recorded 
in optical discs 
0004 2. Description of the Related Art 
0005 Optical disc apparatuses are widely used each of 
which may apply a laser beam emitted from an optical pickup 
apparatus to a signal recording layer provided in an optical 
disc to perform a signal reading operation. 
0006 An operation of reading signals recorded on the 
signal recording layer by an optical disc apparatus is per 
formed by applying a laser beam emitted from a laser diode to 
the signal recording layer and detecting changes in the laser 
beam reflected from the signal recording layer with a photo 
detector. 
0007. In reading signals recorded on the signal recording 
layer with a laser beam, accurate executions is needed of a 
focusing control operation of focusing the laserbeam onto the 
signal recording layer and the tracking control operation of 
causing the laser beam to follow a whorl-like signal track 
provided on the signal recording layer. 
0008 Although various methods exist for executing the 
focusing control operation, an astigmatic method utilizing 
generation of astigmatism is generally known. Although vari 
ous tracking control methods also exist, a push-pull method 
and a phase difference method are generally known. 
Recently, a laser beam emitted from the laser diode is split 
into three beams, i.e., a main beam and two Sub-beams, 
through diffraction by a diffraction grating, and focusing 
control methods and tracking control methods using not only 
the main beam but also the Sub-beams are the mainstream. 
0009 Recent optical pickup apparatuses use such a main 
beam and Sub-beams to employ a differential astigmatic 
method as the focusing control method and to employ a 
differential push-pull method and differential phase differ 
ence method as the tracking control method. When such a 
main beam and Sub-beams are used, the optical pickup appa 
ratus is provided with a photodetector including two Sub 
beam light-receiving portions to which two Sub-beams are 
respectively applied and a main beam light-receiving portion 
to which a main beam is applied, and is configured to perform 
control operations by generating a focus error signal and a 
tracking error signal from signals obtained from the photo 
detector. Such a technology is well-known and will not be 
described. 
0010 Recently, optical discs provided with two layers 
instead of one layer are commercialized, and optical pickup 
apparatuses are also commercialized that are capable of per 
forming operations of reading signals recorded on the signal 
recording layers of Such optical discs. 
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0011 When performing the operation of reading signals 
recorded on a two-layer optical disc, the focusing control 
operation and the tracking control operation are performed 
for one signal recording layer being Subjected to the reading 
operation, however, the laser beam is also reflected from the 
other signal recording layer that is not subjected to the reading 
operation. The laser beam reflected from the signal recording 
layer not being Subjected to the reading operation is generally 
referred to as Stray light, and it is problematic that such stray 
light is applied to a photodetector generating a focus error 
signal to be used for the focusing control operation using the 
differential astigmatic method, and is caused to generate off 
sets or amplitude variations in the focus error signal, and thus 
the focusing control operation cannot accurately be per 
formed. 
0012. A method for solving such a problem of stray light 
has been developed, whereby a shape of the photodetector is 
changed into a shape for eliminating an effect of Stray light 
(see Japanese Patent Application Laid-Open Publication No. 
2007-42236). 
0013 Although an art disclosed in the above Japanese 
Patent Application Laid-Open Publication No. 2007-42236 
restrains the effect of stray light on a multi-layer optical disc 
provided with a plurality of signal recording layers, an area of 
a light-receiving portion for receiving the main beam is set to 
be substantially the same as an area of a light-receiving por 
tion for receiving the Sub-beams, and thus, the art is easily 
affected by the stray light generated from the main beam, 
which is a problem. 
0014. The focusing control operation in the optical disc 
apparatus is performed through a combination of an operation 
of greatly displacing the objective lens included in the optical 
pickup apparatus to an operational position, i.e., a position for 
focusing the laser beam onto the signal recording layer and a 
following operation of minutely displacing a position of an 
objective lens to correct focusing deviation caused by plane 
vibrations of the optical disc. 
0015. When the objective lens is displaced to the opera 
tional position in Such a focusing control operation, since a 
laser spot is greatly expanded that is applied to the Sub-beam 
light-receiving portions and the main beam light-receiving 
portion included in the photodetector, a spot of an unneces 
sary laser beam, especially, the main beam with higher light 
intensity is applied to the Sub-beam light-receiving portions, 
and thus, the focusing control operation is adversely affected, 
which is a problem. 

SUMMARY OF THE INVENTION 

0016. An optical pickup apparatus according to an aspect 
of the present invention, includes: a diffraction grating that a 
laser beam enters, the diffraction grating being configured to 
generate a main beam that is 0th order light and Sub-beams 
that are +1st order diffracted light and -1st order diffracted 
light; an objective lens configured to focus the main beam and 
the Sub-beams onto a signal recording layer, a main-beam 
light-receiving portion that the main beam reflected by the 
signal recording layer is applied to; and Sub-beam light-re 
ceiving portions that the Sub-beams reflected by the signal 
recording layer are respectively applied to, each light-receiv 
ing area of the Sub-beam light-receiving portions being 
Smaller than a light-receiving area of the main-beam light 
receiving portion, wherein a focusing control operation is 
performed by a differential astigmatic method using the main 
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beam applied to the main-beam light-receiving portion and 
the sub-beams respectively applied to the sub-beam light 
receiving portions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017 For more thorough understanding of the present 
invention and advantages thereof, the following description 
should be read in conjunction with the accompanying draw 
ings, in which: 
0018 FIG. 1 is a perspective view of a main part of an 
optical pickup apparatus according to an embodiment of the 
present invention; 
0019 FIG. 2 is a diagram for explaining an operation of an 
embodiment of the present invention; 
0020 FIG. 3 is a diagram for explaining a relationship 
between a photodetector included in an optical pickup appa 
ratus and a laser beam according to an embodiment of the 
present invention; 
0021 FIG. 4 is a diagram for explaining a relationship 
between a photodetector included in an optical pickup appa 
ratus and a laser beam according to an embodiment of the 
present invention; 
0022 FIG. 5 is a diagram for explaining a relationship 
between a photodetector included in an optical pickup appa 
ratus and a laser beam; 
0023 FIG. 6 is a diagram for explaining a relationship 
between a photodetector included in an optical pickup appa 
ratus and a laser beam; and 
0024 FIG. 7 is a characteristic diagram for explaining 
intensity distribution of a laser beam. 

DETAILED DESCRIPTION OF THE INVENTION 

0025. At least the following details will become apparent 
from descriptions of this specification and of the accompany 
ing drawings. 
0026. An optical pickup apparatus according to an 
embodiment of the present invention includes: an objective 
lens that focuses a laser beam onto a signal recording layer to 
read signals recorded in an optical disc; a diffraction grating 
that the laser beam is applied to and that generates a main 
beam which is 0th order light and sub-beams which are +1st 
order diffracted light and - 1st order diffracted light; and a 
photodetector includes Sub-beam light-receiving portions 
that the sub-beams reflected from the signal recording layer is 
applied to and that generate a tracking error signal, and each 
of which is made up of a four-divided sensor, and a main 
beam light-receiving portion that the main beam reflected 
from the signal recording layer is applied to and that generates 
a reproduction signal and a focus error signal, and that is made 
up of a four-divided sensor, wherein each light-receiving area 
of the Sub-beam light-receiving portions is rendered Smaller 
than a light-receiving area of the main-beam light-receiving 
portion. 
0027. The optical pickup apparatus according to an 
embodiment of the present invention includes: the objective 
lens that focuses the laser beam onto the signal recording 
layer to read signals recorded in the optical disc; the diffrac 
tion grating that the laser beam enters and that generates the 
main beam which is 0th order light and the sub-beams which 
are +1st order diffracted light and -1st order diffracted light; 
and the photodetector includes the Sub-beam light-receiving 
portions which the sub-beams reflected from the signal 
recording layer is applied to, which generate the tracking 
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error signal, and each of which is made up of the four-divided 
sensor, and the main-beam light-receiving portion that the 
main beam reflected from the signal recording layer is applied 
to, that generates the reproduction signal and the focus error 
signal, and that is made up of the four-divided sensor, wherein 
the Sub-beam light-receiving portions and the main-beam 
light-receiving portion are disposed side by side in the track 
ing control direction, and wherein the each light-receiving 
area of the Sub-beam light-receiving portions is rendered 
Smaller than the light-receiving area of the main-beam light 
receiving portion, and wherein a ratio between the length of 
the Sub-beam light-receiving portions in the tracking control 
direction and the length of the main-beam light-receiving 
portion in the tracking control direction is set to a predeter 
mined value. 
0028. In an embodiment of the present invention, the ratio 
between the length of the Sub-beam light-receiving portions 
in the tracking control direction and the length of the main 
beam light-receiving portion in the tracking control direction 
is set based on an amount of reduction in a light reception 
amount of the Sub-beams associated with displacement in the 
tracking direction. 
0029. In an embodiment of the present invention, the 
length of the Sub-beam light-receiving portions in a direction 
orthogonal to the tracking control direction is rendered Sub 
stantially the same as the diameter of the sub-beams. 
0030. In an embodiment of the present invention, each of 
the Sub-beam light-receiving portions is in an octagonal shape 
instead of a rectangular shape. 
0031. In an embodiment of the present invention, each of 
the Sub-beam light-receiving portions is in a shape elongated 
in the tracking control direction. 
0032. In an embodiment of the present invention, the focus 
error signal is generated from signals obtained from the Sub 
beam light-receiving portions and the main-beam light-re 
ceiving portion. 
0033. In an embodiment of the present invention, each 
shape of the Sub-beam light-receiving portions is made simi 
lar to a shape of a Sub-beam. A shape of the Sub-beam is 
indicated a shape of a spot formed by each of the sub-beams 
applied to the Sub-beam light-receiving portions. 
0034. In an embodiment of the present invention, the light 
receiving area of each of the Sub-beam light-receiving por 
tions is rendered Smaller than the light-receiving area of the 
main-beam light-receiving portion in the optical pickup appa 
ratus provided with the photodetector including the sub-beam 
light-receiving portions each of which made up of the four 
divided sensor, and the main-beam light-receiving portion 
made up of the four-divided sensor, and thus, the light recep 
tion amount of Stray light to be applied to the Sub-beam 
light-receiving portion may be reduced. Therefore, the optical 
pickup apparatus according to an embodiment of the present 
invention may precisely perform the focusing control opera 
tion utilizing signals obtained from the Sub-beam light-re 
ceiving portions. 
0035. The optical pickup apparatus according to an 
embodiment of the present invention provided with the pho 
todetector including the Sub-beam light-receiving portions 
each of which made up of the four-divided sensor and the 
main-beam light-receiving portion that the main beam 
reflected from the signal recording layer is applied to, that 
generates the reproduction signal and the focus error signal, 
and that is made up of the four-divided sensor, wherein the 
Sub-beam light-receiving portions and the main-beam light 
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receiving portion are disposed side by side in the tracking 
control direction, and wherein the light-receiving area of each 
of the Sub-beam light-receiving portions is made Smaller than 
the light-receiving area of the main-beam light-receiving por 
tion, and wherein the ratio between the length of the sub 
beam light-receiving portions in the tracking control direc 
tion and the length of the main-beam light-receiving portion 
in the tracking control direction is set to a predetermined 
value, and thus, the light reception amount of the stray light to 
be applied to the Sub-beam light-receiving portions may be 
reduced to a minimum. Therefore, according to an embodi 
ment of the present invention, the focusing control operation 
may precisely be performed utilizing signals obtained from 
the Sub-beam light-receiving portions. 
0036. In the optical pickup apparatus according to an 
embodiment of the present invention, the ratio between the 
length of the Sub-beam light-receiving portion in the tracking 
control direction and the length of the main-beam light-re 
ceiving portion in the tracking control direction is set based 
on the amount of the reduction in the light reception amount 
of the sub-beam associated with the displacement in the 
tracking direction, and thus, the photodetector may be made 
up which is not affected by the stray light while satisfying 
characteristics required for the optical pickup apparatus. 
0037. In the optical pickup apparatus according to an 
embodiment of the present invention, the length of the sub 
beam light-receiving portions in a direction orthogonal to the 
tracking control direction is made Substantially the same as 
the diameter of the sub-beam, and thus, the area of each of the 
Sub-beam light-receiving portions may be reduced to the 
minimum necessary and the adverse effect of the stray light 
may be reduced to the minimum. 
0.038. In the optical pickup apparatus according to an 
embodiment of the present invention, each of the sub-beam 
light-receiving portions is in an octagonal shape so that a 
structure becomes simple, and thus, an increase in manufac 
turing cost may be restrained. 
0039. In the optical pickup apparatus according to an 
embodiment of the present invention, each of the sub-beam 
light-receiving portions is in a shape elongated in the tracking 
control direction so that a spot of the Sub-beam may be main 
tained within a range of the light-receiving portion even when 
a spot of the laser beam is displaced in the tracking direction, 
and thus, the focusing control operation may precisely be 
performed. 
0040. In the optical pickup apparatus according to an 
embodiment of the present invention, the focus error signal is 
generated from signals obtained from the Sub-beam light 
receiving portions and the main-beam light-receiving por 
tion, and thus, the focusing control operation may precisely 
be performed. 
0041. In the optical pickup apparatus according to an 
embodiment of the present invention, each of the sub-beam 
light-receiving portions is in a shape similar to the shape of 
the Sub-beam, and thus, the effect of unnecessary laser beam 
may be reduced to the minimum. 
0042. Hereinafter, an embodiment of the present invention 
will be described with reference to the drawings. 
0043. A configuration of the optical pickup apparatus will 

first be described with reference to FIG. 1. In FIG. 1, refer 
ence numeral 1 denotes a laser diode that emits a laser beam 
L1 having an output corresponding to a drive signal Supplied 
from a laser drive circuit, and the laser beam L1 is oval in 
cross section. 
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0044) Reference numeral 2 denotes a diffraction grating 
that the laser beam. L1 emitted from the laser diode 1 enters 
and that generates and emits a laser beam. L2 made up of a 
main beam which is 0th order light and sub-beams which are 
+1st order diffracted light and -1st order diffracted light. 
0045 Reference numeral 3 denotes a polarizing beam 
splitter that the laser beam L2 emitted from the diffraction 
grating 2 enters and that is provided with a reflection film 3a 
allowing a laser beams L3 for being applied to an optical disc 
D to pass therethrough and reflecting a monitor laserbeam L4 
to be applied to a front-monitor diode 4 provided to control an 
output of the laser beam. The reflection film 3a is made up so 
as to reflect return light reflected by the optical disc D as a 
control laser beam as will be described later. 
0046 Reference numeral 5 denotes a collimating lens that 
the laser beam L3 having passed through the reflection film 3a 
of the polarizing beam splitter 3 enters, and that converts the 
incident laser beam L3 into a laser beam L5 which is parallel 
light. Reference numeral 6 denotes a reflection mirror that the 
laser beam L5 impinges on, and that reflects the laser beam L5 
entirely as a laser beam L6 in a direction of the optical disc D. 
Such a reflection mirror 6 is generally referred to as a raising 
mirror. 
0047 Reference numeral 7 denotes a quarter-wave plate 
that the laser beam L6 reflected from the reflection mirror 6 
enters and that creates a quarter-wavelength phase shift in the 
laser beam L6 by a quarter wavelength. Reference numeral 8 
denotes an objective lens that a laser beam L7 having passed 
through the quarter-wave plate 7 enters and that focuses the 
laser beam as a laser beam L8 on the signal recording layer 
included in the optical disc D. The objective lens 8 is made up 
So as to perform the focusing control operation through dis 
placement movements in a direction perpendicular to the 
signal Surface of the optical disc D and the tracking control 
operation through displacement movements in the radial 
direction of the optical disc D. The objective lens performing 
Such operations is provided displaceably in the focusing con 
trol direction and the tracking control direction by four Sup 
port wires, for example, however, Such a configuration is 
well-known and will not be described. 
0048. The laser beam L8 applied by the objective lens 8 to 
the signal recording layer of the optical disc D is made inci 
dent on the objective lens 8 as the return light reflected from 
the signal recording layer. The return light having been made 
incident on the objective lens 8 is made incident on the polar 
izing beam splitter 3 through the quarter-wave plate 7, the 
reflection mirror 6, and the collimating lens 5. 
0049. As described above, since the return light made 
incident on the polarizing beam splitter 3 passes through the 
quarter-wave plate 7 in a reciprocating manner, i.e., twice, a 
phase of the return light is shifted by a half wavelength as is 
well known. When the above phase-shifted return light is 
made incident on the polarizing beam splitter 3, the return 
light is reflected as a control laser beam L9 by the reflection 
film 3a formed in the polarizing beam splitter 3. 
0050 Reference numeral 9 denotes a sensor lens that the 
control laser beam L9 reflected by the reflection film 3a of the 
polarizing beam splitter 3 enters and that applies the control 
laser beam L9 as a concentrated laser beam L10 onto a light 
receiving portion included in a photodetector 10 called PDIC. 
The sensor lens 9 includes a cylindrical lens, etc., and is made 
up so as to generate astigmatism for performing the focusing 
control operation using the astigmatic method, however, this 
is well-known and will not be described. 
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0051. In the optical pickup apparatus shown in FIG. 1, the 
laser beam L1 emitted from the laser diode 1 is made incident 
on the objective lens 8 through the diffraction grating 2, the 
polarizing beam splitter 3, the collimating lens 5, the reflec 
tion mirror 6, and the quarter-wave plate 7, to be applied onto 
the signal recording layer of the optical disc D through the 
focusing operation of the objective lens 8. 
0052. The laser beam L8 applied to the signal recording 
layer is reflected and made incident on the objective lens 8 as 
the return light. The returnlight having been made incident on 
the objective lens 8 is made incident on the polarizing beam 
splitter 3 through the quarter-wave plate 7, the reflection 
mirror 6, and the collimating lens 5. 
0053. The return light having been made incident on the 
polarizing beam splitter 3 is reflected as the control laser 
beam L9 by the reflection film 3a included in the polarizing 
beam splitter 3. The control laser beam L9 obtained in this 
way is made incident on the sensor lens 9 and is applied as the 
concentrated laser beam L10 to the light-receiving portion 
included in the photodetector 10. 
0054 The light-receiving portion included in the photo 
detector 10 is made up of a main-beam light-receiving portion 
MD that a main beam M, i.e., 0th order light, is applied to and 
that is used for a signal reproduction operation and the focus 
ing control operation, a preceding Sub-beam light-receiving 
portion SD1 that a preceding sub-beam S1, i.e., +1st order 
diffracted light, is applied to and that is used for the tracking 
control operation, and a succeeding Sub-beam light-receiving 
portion SD2 that a succeeding sub-beam S2, i.e., -1st order 
diffracted light is applied to and that is used for the tracking 
control operation, as shown in FIG. 3. 
0055. The photodetector 10 is provided with the main 
beam light-receiving portion MD, the preceding Sub-beam 
light-receiving portion SD1, and the Succeeding Sub-beam 
light-receiving portion SD2 as above, which are arranged in a 
direction identical to the tracking direction, i.e., a direction of 
displacement of the main beam M, the preceding Sub-beam 
S1, and the Succeeding Sub-beam S2 applied to the main 
beam light-receiving portion MD, the preceding Sub-beam 
light-receiving portion SD1, and the Succeeding Sub-beam 
light-receiving portion SD2 when the spot focused with the 
objective lens 8 is displaced in the radial direction of the 
optical disc D. 
0056. Each of the main-beam light-receiving portion MD, 
the preceding Sub-beam light-receiving portion SD1, and the 
Succeeding Sub-beam light-receiving portion SD2 is made up 
of a four-divided sensor as shown. A configuration is made 
Such that a signal recorded in the optical disc D is read as a 
reproduction signal by adding signals corresponding to light 
amounts of the main beam applied to all the sensors A, B, C, 
an D making up the main-beam light-receiving portion MD, 
however, such an operation is well-known and will not be 
described. 
0057. A focus error signal is generated by adding signals 
obtained from sensors in one diagonal relationship in the 
four-divided sensor making up the main-beam light-receiving 
portion MD and Subtracting from this added signal a signal 
obtained by adding signals obtained from sensors in the other 
diagonal relationship, and this focus error signal is used for 
the focusing control operation, however, such a focusing con 
trol operation is a focusing control method called astigmatic 
method and will not be described. 
0058. In contrast to the astigmatic method, a sub-focus 
error signal is generated by adding signals obtained from 
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sensors in one diagonal relationship in each of the four 
divided sensors making up the preceding Sub-beam light 
receiving portion SD1 and the Succeeding Sub-beam light 
receiving portion SD2 and Subtracting from this added signal 
a signal obtained by adding signals obtained from sensors in 
the other diagonal relationship, and a focus error signal is 
operated and generated from the Sub-focus error signal and a 
main focus error signal obtained from the four-divided sensor 
making up the main-beam light-receiving portion MD to 
perform the focusing control operation, and Such a focusing 
control operation is a control method called differential astig 
matic method. 
0059. The focusing control operation through the above 
differential astigmatic method will then be described. This 
focusing control operation is performed with the use of the 
main focus error signal and the Sub-focus error signals gen 
erated from the main-beam light-receiving portion MD, the 
preceding Sub-beam light-receiving portion SD1, and the Suc 
ceeding Sub-beam light-receiving portion SD2 as described 
above. 
0060. The main focus error signal is obtained by adding 
signals obtained from two sensors A and C of the four-divided 
sensor making up the main-beam light-receiving portion MD 
and Subtracting from this added signal a signal obtained by 
adding signals obtained from two sensors B and D. 
0061. A first control signal is obtained by adding signals 
obtained from two sensors I and Kof the four-divided sensor 
making up the preceding Sub-beam light-receiving portion 
SD1 and subtracting from this added signal a signal obtained 
by adding signals obtained from two sensors J and L., a second 
control signals is obtained by adding signals obtained from 
two sensors E and G of the four-divided sensor making up the 
Succeeding Sub-beam light-receiving portion SD2 and Sub 
tracting from this added signal a signal obtained by adding 
signals obtained from two sensors F and H; and a Sub-focus 
error signal is obtained by executing an arithmetic processing 
for the first control signal and the second control signal 
obtained as above. 
0062. The focus error signal obtained by the differential 
astigmatic method is obtained by Subtracting the Sub-focus 
error signal obtained from the preceding Sub-beam light 
receiving portion SD1 and the Succeeding Sub-beam light 
receiving portion SD2 from the main focus error signal 
obtained from the main-beam light-receiving portion MD. 
0063. The generation operation of such a focus error sig 
nal will then be described with reference to the reference 
characters of the sensorportions shown in FIG. 3. If the main 
focus error signal is represented by MFE, MFE=(A+C)-(B+ 
D), and if the sub-focus error signal is represented by SFE, 
SFE={(E+G)-(F+H)}+{(I+K)-(J+L)}. 
0064. Such a focusing control operation using the differ 
ential astigmatic method is performed based on a differential 
astigmatic signal DAS, and this DAS signal is obtained as 
DAS=MFE-k1xSFE, where k1 is a constant determined 
based onlight intensity of the main beam and light intensity of 
the sub-beams. 
0065. An optical pickup apparatus has been developed 
which is configured to perform the focusing control operation 
using the main beam and the Sub-beams in combination as 
above, and the tracking control operation of the optical 
pickup apparatus having such a configuration will then be 
described. 

0066. A method, which is the so-called differential push 
pull method, for example, is employed as Such a tracking 
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control operation, and this differential push-pull method is 
performed by operations of applying the main beam M to the 
main-beam light-receiving portion MD, applying the preced 
ing Sub-beam S1 to the preceding Sub-beam light-receiving 
portion SD1, and applying the Succeeding Sub-beam S2 to the 
Succeeding Sub-beam light-receiving portion SD2. 
0067 Such a differential push-pull method uses a main 
push-pull signal MPP obtained from the main-beam light 
receiving portion MD, a first sub-push-pull signal SPP1 
obtained from the preceding Sub-beam light-receiving por 
tion SD1, and a second sub-push-pull signal SPP2 obtained 
from the Succeeding Sub-beam light-receiving portion SD2, 
and the tracking error signal obtained by the differential push 
pull method is obtained by Subtracting a Sub-tracking error 
signal STE obtained by adding the sub-push-pull signal SPP1 
and the sub-push-pull signal SPP2 from a main tracking error 
signal MTE that is the main push-pull signal MPP. 
0068. Here, the main push-pull signal MPP is obtained by 
adding signals obtained from the two sensors A and B on the 
upper side of the four-divided sensor making up the main 
beam light-receiving portion MD, and Subtracting from this 
added signal a signal obtained by adding signals obtained 
from the two sensors C and D on the lower side thereof, the 
first sub-push-pull signal SPP1 is obtained by adding signals 
obtained from the two sensors I and J on the upper side of the 
four-divided sensor making up the preceding Sub-beam light 
receiving portion SD1 and Subtracting from this added signal 
a signal obtained by adding signals obtained from the two 
sensors L and K on the lower side thereof, and the second 
sub-push-pull signal SPP2 is obtained by adding signals 
obtained from the two sensors E and F on the upper side of the 
four-divided sensor making up the Succeeding Sub-beam 
light-receiving portion SD2 and Subtracting from this added 
signal a signal obtained by adding signals obtained from the 
two sensors H and G on the lower side thereof. 

0069. When description is made with reference to the ref 
erence characters of the sensor units as shown, the main 
tracking error signal is expressed by MTE=MPP=(A+B)- 
(C+D), and the Sub tracking error signal is expressed by 
STE=SPP1+SPP2={(E+E)-(G+H)}+{(I+J)-(L+K)}. 
0070 The tracking control operation using the differential 
push-pull method is performed based on a differential push 
pull signal DPP, and this DPP signal is obtained by 
DPP=MFE-k2xSTE, where k2 is a constant determined 
based on the light intensity of the main beam and the light 
intensity of the sub-beams. 
0071. An optical pickup apparatus has been developed 
which performs the tracking control operation using the main 
beam and the Sub-beams in combination as above. 

0072 Although the laser beam L1 emitted from the laser 
diode 1 is made incident on the polarizing beam splitter 3 as 
the laser beam L2 diffracted by the diffraction grating 2, a 
portion of an incident laser beam is reflected by the reflection 
film 3a and applied as the monitor laser beam L4 to the 
front-monitor diode 4. 

0073. The monitor laser beam L4 to be applied to the 
front-monitor diode 4 varies corresponding to an output level 
of the laser beam L1 emitted from the laser diode 1. There 
fore, a laser servo operation may be performed of controlling 
the output of the laser beam L1 emitted from the laser diode 
1 so as to be at a predetermined value, with feedback of a 
monitor signal generated by the front-monitor diode 4 to a 
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drive circuit provided for Supplying a drive signal to the laser 
diode 1. Such a laser servo operation is well-known and will 
not be described. 

0074 As described above, the focus error signal and the 
tracking error signal are generated from signals obtained 
from the main-beam light-receiving portion MD, the preced 
ing Sub-beam light-receiving portion SD1, and the Succeed 
ing Sub-beam light-receiving portion SD2 to perform the 
focusing control operation and the tracking control operation 
based on the focus error signal and the tracking error signal, 
and the focusing control operation is performed by displacing 
the objective lens 8 in the direction perpendicular to the signal 
Surface of the optical disc D and the tracking control opera 
tion is performed by displacing the objective lens 8 in the 
radial direction of the optical disc D. 
0075 FIG. 2 depicts a relationship of a first signal record 
ing layer L0, a second signal recording layer L1 provided in 
the optical disc D, and an objective lens 8 and shows a state 
when the laser beam L8 is focused on the first signal recording 
layer L0 by the focusing control operation. That is, in Such a 
state, the laser beam L8 is focused on the first signal recording 
layer L0, and the tracking control operation is performed for 
a signal track provided on the first signal recording layer L0 to 
perform an operation of reproducing signals recorded on the 
first signal recording layer L0. 
0076. When the operation is performed of reproducing 
signals recorded on the second signal recording layer L1, the 
objective lens 8 is displaced to a position lower than that 
shown in FIG. 2 so that the laser beam L8 is focused onto the 
second signal recording layer L1, and Such a focusing control 
operation to the signal recording layers is well-known and 
will not be described. 
0077. The optical pickup apparatus according to an 
embodiment of the present invention is configured as 
described above, and the gist of an embodiment of the present 
invention, i.e., a countermeasure against the stray light for the 
focusing control operation, will then be described. 
0078. The adversely affecting operation of the stray light 
in the optical pickup apparatus will first be described. When 
the operation is performed of reproducing signals recorded on 
the first signal recording layer L0 as shown in FIG. 2, the first 
signal recording layer L0 is in a state where the laser beam L8 
is applied thereto which includes the main beam M, the pre 
ceding Sub-beam S1, and the Succeeding Sub-beam S2 gen 
erated by the diffraction grating 2. 
0079. Each of the main beam M, the preceding sub-beam 
S1, and the succeeding sub-beam S2 is reflected by the first 
signal recording layer L0 and then is made incident on the 
reflection film 3a of the polarizing beam splitter 3 through the 
objective lens 8, the quarter-wave plate 7, the reflection mir 
ror 6, and the collimating lens 5. The laser beam having been 
made incident in this way is reflected by the reflection film 3a 
of the polarizing beam splitter 3 and is made incident on the 
sensor lens 9 as the controllaserbeam L9, as described above. 
0080. The control laser beam L9 having been made inci 
dent on the sensor lens 9 is applied as the concentrated laser 
beam L10 to the light-receiving portion included in the pho 
todetector 10 by condensing function of the sensor lens 9. 
FIG. 3 depicts a relationship between the concentrated laser 
beam L10 to be applied as such and the light-receiving por 
tions. As apparent from FIG. 3, the main beam M, the pre 
ceding Sub-beam S1, and the Succeeding Sub-beam S2 are 
applied to the main-beam light-receiving portion MD, the 
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preceding Sub-beam light-receiving portion SD1, and the Suc 
ceeding Sub-beam light-receiving portion SD2, respectively. 
0081. Since the main beam M, the preceding sub-beam S1, 
and the Succeeding Sub-beam S2 are applied to the main 
beam light-receiving portion MD, the preceding Sub-beam 
light-receiving portion SD1, and the Succeeding Sub-beam 
light-receiving portion SD2, respectively, there are per 
formed the focusing control operation to the first signal 
recording layer L0 and the tracking control operation to the 
signal track provided on the first signal recording layer L0. 
Therefore, the operation may be performed of reproducing 
signals recorded on the first signal recording layer L0. 
0082 Although the laser beam L8 is applied to the first 
signal recording layer L0 of the optical disc D through the 
focusing operation of the objective lens 8 as described above, 
the main beam M out of the laser beam L8 is reflected as the 
Stray light from the second signal recording layer L1 as shown 
by dashed lines of FIG. 2. The stray light reflected from the 
second signal recording layer L1 as above is made incident on 
the reflection film 3a of the polarizing beam splitter 3 through 
the objective lens 8, the quarter-wave plate 7, the reflection 
mirror 6, and the collimating lens 5 as is the case with the laser 
beam reflected from the first signal recording layer L0. 
0083. The stray light made incident on the reflection film 
3a of the polarizing beam splitter 3 as above is reflected by the 
reflection film 3a and applied to the light-receiving portion 
included in the photodetector 10 through the sensor lens 9. 
Since the Stray light is not such a laser beam as to be focused 
like the reflected light from the first signal recording layerL0. 
the stray light is not condensed on the light-receiving portion 
by the sensor lens 9. 
0084 FIG. 5 depicts a relationship between the main 
beam light-receiving portion MD, the preceding Sub-beam 
light-receiving portion SD1, and the Succeeding Sub-beam 
light-receiving portion SD2 and the stray light described 
above, and an inside portion of a circle P shown by a dashed 
line is an irradiation portion of a stray light beam. 
0085. As apparent from FIG. 5, the stray light beam is 
applied onto the main-beam light-receiving portion MD, the 
preceding Sub-beam light-receiving portion SD1, and the Suc 
ceeding Sub-beam light-receiving portion SD2 included in 
the photodetector 10. 
I0086. The 0th order light, i.e., the main beam, and the +1st 
order diffracted light and -1st order diffracted light, i.e., the 
Sub-beams, are generated by the diffraction grating 2, and the 
light amount ratio, i.e., a light amount ratio of one Sub-beam 
to the main beam is generally set to about 1:15. Therefore, the 
light amount of the sub-beams reflected as the stray light from 
the second signal recording layer L1 is Sufficiently Small as 
compared to the light amount of the main beam reflected as 
the Stray light, and thus, an effect on the focusing control 
operation, etc., may be negligible. 
0087. Since the light amount of the main beam Mapplied 

to the main-beam light-receiving portion MD is sufficiently 
larger than the light amount of the stray light beam, no 
adverse effect is exerted on the signal generation operation of 
the main-beam light-receiving portion MD, i.e., the operation 
of reproducing signals recorded on the first signal recording 
layer L0, the generation operation of the focus error signal, 
etc. 

0088. On the other hand, the light amounts of the preced 
ing Sub-beam S1 and the Succeeding Sub-beam S2 applied to 
the preceding Sub-beam light-receiving portion SD1 and the 
Succeeding Sub-beam light-receiving portion SD2 for gener 
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ating the focus error signal as above are set Smaller than the 
light amount of the main beam M. Therefore, a gain of an 
amplifier provided to amplify signals obtained from the pre 
ceding Sub-beam light-receiving portion SD1 and the Suc 
ceeding Sub-beam light-receiving portion SD2 is generally 
set higher than again of an amplifier provided to amplify a 
signal obtained from the main-beam light-receiving portion 
MD. 

0089. As a result, there is increased an effect that is exerted 
by applying the stray light generated from the main beam M 
reflected from the second signal recording layer L1 onto the 
preceding Sub-beam light-receiving portion SD1 and the Suc 
ceeding Sub-beam light-receiving portion SD2. That is, since 
a signal corresponding to the light intensity of the stray light 
affects the focus error signal obtained from the preceding 
Sub-beam light-receiving portion SD1 and the Succeeding 
sub-beam light-receiving portion SD2, the precise focus error 
signal may not be obtained, and thus, the focusing control 
operation becomes unstable as a result, which is a problem. 
0090. To solve this problem, in an embodiment of the 
present invention, an area of the light-receiving portion of 
each of the preceding Sub-beam light-receiving portion SD1 
and the Succeeding Sub-beam light-receiving portion SD2 is 
made Smaller than an area of the main-beam light-receiving 
portion MD as shown in FIG. 3. Each of the preceding sub 
beam light-receiving portion SD1 and the Succeeding Sub 
beam light-receiving portion SD2 of an embodiment of the 
present invention has an area Smaller than the area of the 
main-beam light-receiving portion MD, and has an octagonal 
shape. 
0091. The preceding sub-beam light-receiving portion 
SD1 and the Succeeding Sub-beam light-receiving portion 
SD2 are made up so as to have a shape elongated in the 
tracking control direction, i.e., a direction of an arrow N1 as 
shown. That is, Since each of the preceding Sub-beam light 
receiving portion SD1 and the Succeeding Sub-beam light 
receiving portion SD2 is in a shape elongated in the tracking 
control direction, even if the preceding sub-beam S1 and the 
Succeeding Sub-beam S2 applied to the preceding Sub-beam 
light-receiving portion SD1 and the Succeeding Sub-beam 
light-receiving portion SD2 are displaced in the direction of 
the arrow N1 in connection with deviation of tracking or the 
tracking control operation for correcting the deviation, the 
preceding Sub-beam S1 and the Succeeding Sub-beam S2 are 
not deviated from the preceding Sub-beam light-receiving 
portion SD1 and the Succeeding Sub-beam light-receiving 
portion SD2, respectively. 
0092. In such a configuration, since the preceding sub 
beam S1 and the succeeding sub-beam S2 can be located on 
the preceding Sub-beam light-receiving portion SD1 and the 
Succeeding Sub-beam light-receiving portion SD2, even if a 
laser spot is displaced in the tracking direction, the focusing 
control operation may precisely be performed. 
0093. The preceding sub-beam light-receiving portion 
SD1 and the Succeeding Sub-beam light-receiving portion 
SD2 according to an embodiment of the present invention are 
made up Such that a length in the direction orthogonal to the 
tracking control direction, i.e., a direction of an arrow N2 is 
rendered to be substantially the same as the diameter of the 
Sub-beams S1 and S2 as shown. In Such a configuration, since 
the areas of the preceding Sub-beam light-receiving portion 
SD1 and the Succeeding Sub-beam light-receiving portion 
SD2 may be reduced as much as possible, the adverse effect 
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of the Stray light may be reduced to the minimum, and thus, 
the focusing control operation may precisely be performed. 
0094. The main-beam light-receiving portion MD, the 
preceding Sub-beam light-receiving portion SD1, and the Suc 
ceeding Sub-beam light-receiving portion SD2 are made up as 
above, and a length X of the preceding Sub-beam light-receiv 
ing portion SD1 and the Succeeding Sub-beam light-receiving 
portion SD2 in the N2 direction is set to be substantially the 
same as the diameters of the sub-beams S1 and S2 as above. 
0095 Although a value of the length X of the preceding 
Sub-beam light-receiving portion SD1 and the Succeeding 
sub-beam light-receiving portion SD2 in the N2 direction is 
set based on the diameters of the sub-beams S1 and S2 as 
above, setting of a length SL in the tracking control direction 
represented by the arrow N1 will then be described. 
0096. A value of the length SL of the preceding sub-beam 
light-receiving portion SD1 and the Succeeding Sub-beam 
light-receiving portion SD2 in the N1 direction is set in con 
sideration of reduction in the light amounts of the sub-beams 
S1 and S2 associated with the displacement movements of the 
objective lens 8 associated with the tracking control opera 
tion. That is, the length is set such that the focusing control 
operation and the tracking control operation can be per 
formed without trouble based on the focus error signal and the 
tracking error signal, even if levels of signals obtained from 
the preceding Sub-beam light-receiving portion SD1 and the 
Succeeding Sub-beam light-receiving portion SD2 are 
reduced associated with the displacement movements of the 
objective lens 8. 
0097. When it is assumed that Prepresents a rate of a value 
of the length SL of the preceding Sub-beam light-receiving 
portion SD1 and the Succeeding Sub-beam light-receiving 
portion SD2 in the N1 direction to a value of the length ML of 
the main-beam light-receiving portion MD in the N1 direc 
tion, i.e., P=SL/ML, a value of the rate P is changed in a 
stepwise manner so that the value can be set of the length SL 
of the preceding Sub-beam light-receiving portion SD1 and 
the Succeeding Sub-beam light-receiving portion SD2 in the 
N1 direction. 
0098. That is, a value is changed of the length SL of the 
preceding Sub-beam light-receiving portion SD1 and the Suc 
ceeding sub-beam light-receiving portion SD2 in the N1 
direction while a value is fixed of the length ML of the 
main-beam light-receiving portion MD in the N1 direction 
and the focusing control operation is performed using a test 
disc, so that a value of SL can be set. As a result of experi 
ments conducted by the applicant, it was confirmed that if the 
value of the rate P is substantially equal to 0.6 or more, the 
focusing control operation and the tracking control operation 
may be performed without trouble, even if the light amounts 
of the sub-beams S1 and S2 are reduced associated with the 
displacement of the objective lens 8. 
0099. If the rate P is set to about 0.6 which is the rate of the 
length SL of the preceding Sub-beam light-receiving portion 
SD1 and the Succeeding Sub-beam light-receiving portion 
SD2 in the N1 direction to the length ML of the main-beam 
light-receiving portion MD in the N1 direction as above, the 
length SL of the preceding Sub-beam light-receiving portion 
SD1 and the Succeeding Sub-beam light-receiving portion 
SD2 in the N1 direction may be set to the shortest length. As 
a result, the light-receiving areas of the preceding Sub-beam 
light-receiving portion SD1 and the Succeeding Sub-beam 
light-receiving portion SD2 may be minimized within a range 
where the focusing control operation and the tracking control 
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operation can precisely be performed, and thus, the effect of 
the stray light may be reduced to the minimum. The value of 
the rate P may be set to be substantially equal to 0.6 or more 
and less than 1.0. 
0100 Although each of the preceding sub-beam light 
receiving portion SD1 and the Succeeding Sub-beam light 
receiving portion SD2 is in an octagonal shape in an embodi 
ment of the present invention as described above, if it is in a 
shape similar to each shape of the preceding Sub-beam S1 and 
the succeeding sub-beam S2 formed by being applied to the 
preceding Sub-beam light-receiving portion SD1 and the Suc 
ceeding sub-beam light-receiving portion SD2, the effect of 
the stray light may further be reduced. 
0101 FIG. 4 is another embodiment, wherein the main 
beam light-receiving portion MD is made up of a rectangular 
four-divided sensor, and each of the preceding Sub-beam 
light-receiving portion SD1 and the Succeeding Sub-beam 
light-receiving portion SD2 is in Such a shape that four sides 
of a rectangle forming the four-divided sensor are cut there 
from. When each of the preceding sub-beam light-receiving 
portion SD1 and the Succeeding Sub-beam light-receiving 
portion SD2 is in Such a shape, the light-receiving areas of the 
preceding Sub-beam light-receiving portion SD1 and the Suc 
ceeding Sub-beam light-receiving portion SD2 may be 
reduced, and thus, the effect of the stray light may be 
restrained. 
0102. In an embodiment according to the present inven 
tion, the length X of the preceding Sub-beam light-receiving 
portion SD1 and the succeeding Sub-beam light-receiving 
portion SD2 in the N2 direction is set to be substantially the 
same as the diameter of the sub-beams S1 and S2 as is the case 
with an embodiment of the present invention shown in FIG.3. 
The length SL of the preceding Sub-beam light-receiving 
portion SD1 and the Succeeding Sub-beam light-receiving 
portion SD2 in the N1 direction is set based on the rate Pof the 
length SL relative to the length ML of the main-beam light 
receiving portion in the N1 direction, as is the case with the 
above embodiment of the present invention. The setting based 
on the rate P is performed in the same manner as an embodi 
ment of the present invention shown in FIG.3 and will not be 
described. 
0103) In an embodiment of the present invention, a 
description is made for a case of implementation for the 
optical pickup apparatus performing an operation of reading 
signals recorded in a two-layer optical disc, however, imple 
mentation is possible for an optical pickup apparatus per 
forming an operation of reading signals recorded in a multi 
layer optical disc including three or more signal recording 
layers. 
0104. In an embodiment of the present invention, a 
description is made for an operation whereby the effect is 
improved of the stray light reflected from a signal recording 
layer, for which the focusing control operation is not per 
formed, in a two-layer optical disc, however, an operation 
whereby an effect of the unnecessary laser beam is improved 
may be performed in the focusing control operation for a 
single-layer optical disc. 
0105 FIG. 6 depicts a relationship between the main 
beam light-receiving portion MD, the preceding Sub-beam 
light-receiving portion SD1, and the Succeeding Sub-beam 
light-receiving portion SD2 included in the photodetector in 
the optical pickup apparatus and the unnecessary light. While 
the focusing operation with the objective lens 8 is not per 
formed, the main beam M, the preceding sub-beam S1, and 
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the Succeeding Sub-beam S2 are not condensed on the main 
beam light-receiving portion MD, the preceding Sub-beam 
light-receiving portion SD1, and the Succeeding Sub-beam 
light-receiving portion SD2, and are applied to the light 
receiving portions in an expanded State as shown with a main 
beam PM, a preceding sub-beam PS1, and a succeeding sub 
beam PS2. 
0106. In such a light receiving state, effects of the sub 
beams PS1 and PS2 applied to the main-beam light-receiving 
portion MD is negligible since the light amounts of the sub 
beams are Small as compared to the light amount of the main 
beam as described above, however, an effect of the main beam 
PM applied to the preceding Sub-beam light-receiving por 
tion SD1 and the Succeeding Sub-beam light-receiving por 
tion SD2 is not negligible. 
0107. In an embodiment of the present invention, since the 
area of each of the preceding Sub-beam light-receiving por 
tion SD1 and the Succeeding Sub-beam light-receiving por 
tion SD2 is rendered smaller than the area of the main-beam 
light-receiving portion MD, and the preceding Sub-beam 
light-receiving portion SD1 and the Succeeding Sub-beam 
light-receiving portion SD2 are changed in shape and length 
as above, so that the effect of the main beam PM may be 
reduced, and thus, the focusing control operation and the 
tracking control operation may precisely be performed. 
0108. When comparing a case where each of the preceding 
Sub-beam light-receiving portion SD1 and the Succeeding 
Sub-beam light-receiving portion SD2 are in an octagonal 
shape with a case where it is in a rectangular shape, a peak 
value of the focus error signal is reduced by about 10% in the 
case of the octagonal shape, however, it is confirmed that the 
focusing control operation in the optical pickup apparatus is 
performed without any trouble. 
0109 When performing the focus search operation in the 
optical pickup apparatus according to an embodiment of the 
present invention, i.e., when an optical disc is inserted in an 
optical disc apparatus and an operation is performed of mov 
ing the objective lens to the operational position, if the focus 
ing control operation is performed using the astigmatic 
method that uses only the main beam Mapplied to the main 
beam light-receiving portion MD, and the Subsequent focus 
ing control operation is performed using the differentialastig 
matic method that uses the preceding Sub-beam. S1 and the 
Succeeding Sub-beam S2 applied to the preceding Sub-beam 
light-receiving portion SD1 and the Succeeding Sub-beam 
light-receiving portion SD2, an effect may be eliminated of 
improper irradiation with the main beam MD to the preceding 
Sub-beam light-receiving portion SD1 and the Succeeding 
sub-beam light-receiving portion SD2 when performing the 
focus search operation, and thus, the focusing control opera 
tion may precisely be performed. 
0110. The photodetector 10 according to an embodiment 
of the present invention is made up as described above, and 
there will then be described a spot formed by return light 
applied to the main-beam light-receiving portion MD, the 
preceding Sub-beam light-receiving portion SD1, and the Suc 
ceeding Sub-beam light-receiving portion SD2 included in 
the photodetector 10 with reference to a characteristic dia 
gram shown in FIG. 7. 
0111. The laser beam emitted from the laser diode 1 has 
characteristics called Gaussian characteristics and FIG. 7 
depicts intensity distribution characteristics of the laser beam 
having the Gaussian characteristics. In the optical pickup 
apparatus, there are set numerical aperture of a lens used in an 
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optical system Such as the objective lens 8 and the sensor lens 
9, laser intensity required for performing the operation of 
reproducing signals recorded in the optical disc, and a diam 
eter of a spot to be used to obtain the laser beam required for 
recording signals into the optical disc. 
0112 The diameter of the spot to be used is set within a 
range where necessary laser intensity is obtained according to 
the characteristic diagram of FIG. 7. For example, when the 
maximum intensity of the laser beam is set to 1.0, a spot 
diameter is so set as to use as the spot a portion of the laser 
beam whose intensity is greater than 0.5 that is intensity at a 
position of 50% of or a half of the maximum intensity, i.e., at 
a position corresponding to so-called half width, or the spot 
diameter is so set as to use as the spot a portion of the laser 
beam whose intensity is greater than 0.135 that is intensity at 
aposition of 13.5% or 1/e (eis the base of natural logarithms) 
relative to the maximum intensity. 
0113. The spot diameter is set based on the laser intensity 
distribution as above, and the intensity range of the laserbeam 
used as the spot is determined according to which is put on a 
higher priority among the size of the spot, the peak light 
intensity of the spot, and the full power of the spot. 
0114. In the above optical pickup apparatus, the spot 
diameter set based on the intensity distribution of the laser 
beam is set in consideration of power loss of the laser beam, 
and is so set as to use a portion of the laser beam whose 
intensity is greater than 13.5%, or 1/e relative to the maxi 
mum intensity of the laserbeam. Since the spot diameter is set 
as above, if the length X of the preceding Sub-beam light 
receiving portion SD1 and the Succeeding Sub-beam light 
receiving portion SD2 in the N2 direction making up the 
photodetector is set according to a range of the laser-beam 
intensity which determines the spot diameter, the sizes of the 
light-receiving portions used for generating the focus error 
signal and the tracking error signal may be set to be the 
smallest, and thus, the adverse effect of the stray light may be 
reduced to the minimum. 
0115 The above embodiments of the present invention are 
simply for facilitating the understanding of the present inven 
tion and are not in any way to be construed as limiting the 
present invention. The present invention may variously be 
changed or altered without departing from its spirit and 
encompass equivalents thereof. 

What is claimed is: 
1. An optical pickup apparatus comprising: 
a diffraction grating that a laserbeam enters, the diffraction 

grating being configured to generate a main beam that is 
Oth order light and sub-beams that are +1st order dif 
fracted light and -1st order diffracted light; 

an objective lens configured to focus the main beam and the 
Sub-beams onto a signal recording layer, 

a main-beam light-receiving portion that the main beam 
reflected by the signal recording layer is applied to; and 

Sub-beam light-receiving portions that the Sub-beams 
reflected by the signal recording layer are respectively 
applied to, each light-receiving area of the Sub-beam 
light-receiving portions being Smaller than a light-re 
ceiving area of the main-beam light-receiving portion, 

wherein a focusing control operation is performed by a 
differential astigmatic method using the main beam 
applied to the main-beam light-receiving portion and the 
sub-beams respectively applied to the sub-beam light 
receiving portions. 
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2. The optical pickup apparatus of claim 1, wherein 
the main-beam light-receiving portion and the Sub-beam 

light-receiving portions are arranged side by side in a 
tracking control direction, and wherein 

a ratio of a length of the Sub-beam light-receiving portions 
in the tracking control direction to a length of the main 
beam light-receiving portion in the tracking control 
direction is set to 0.6 or more and less than 1.0. 

3. The optical pickup apparatus of claim 2, wherein 
a ratio between the length of the main-beam light-receiving 

portion in the tracking control direction and the length of 
the Sub-beam light-receiving portions in the tracking 
control direction is set based on an amount of reduction 
in a light reception amount of the Sub-beams associated 
with displacement in the tracking direction. 

4. The optical pickup apparatus of claim 1, wherein 
the main-beam light-receiving portion and the Sub-beam 

light-receiving portions are arranged side by side in a 
tracking control direction, and whereina ratio of a length 
of the Sub-beam light-receiving portions in the tracking 
control direction to a length of the main-beam light 
receiving portion in the tracking control direction is set 
to substantially 0.6. 

5. The optical pickup apparatus of claim 1, wherein 
a length of the Sub-beam light-receiving portions in a direc 

tion orthogonal to a tracking control direction is Substan 
tially the same as a diameter of a spot having intensity 
that is 1/e (e is the base of natural logarithms) relative to 
the maximum intensity of the Sub-beams. 

6. The optical pickup apparatus of claim 1, wherein 
each shape of the Sub-beam light-receiving portions is 
made similar to each shape of the Sub-beams. 

7. The optical pickup apparatus of claim 1, wherein 
each of the Sub-beam light-receiving portions is in an 

octagonal shape. 
8. The optical pickup apparatus of claim 1, wherein 
each of the Sub-beam light-receiving portions is in a shape 

elongated in a tracking control direction. 
9. The optical pickup apparatus of claim 1, wherein 
a focus error signal is generated from signals obtained from 

the Sub-beam light-receiving portions and the main 
beam light-receiving portion. 

10. An optical pickup apparatus comprising: 
a diffraction grating that a laserbeam enters, the diffraction 

grating being configured to generate a main beam that is 
Oth order light and sub-beams that are +1st order dif 
fracted light and -1st order diffracted light; 

an objective lens configured to focus the main beam and the 
Sub-beams onto a signal recording layer, 

a main-beam light-receiving portion that the main beam 
reflected by the signal recording layer is applied to; and 

Sub-beam light-receiving portions that the Sub-beams 
reflected by the signal recording layer are respectively 
applied to, each light-receiving area of the Sub-beam 
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light-receiving portions being Smaller than a light-re 
ceiving area of the main-beam light-receiving portion, 

wherein, when a focus search is performed, a focusing 
control operation is performed by an astigmatic method 
using only the main beam applied to the main-beam 
light-receiving portion, and thereafter a Subsequent 
focusing control operation is performed by a differential 
astigmatic method using the main beam applied to the 
main-beam light-receiving portion and the Sub-beams 
respectively applied to the Sub-beam light-receiving 
portions. 

11. The optical pickup apparatus of claim 10, wherein 
the main-beam light-receiving portion and the Sub-beam 

light-receiving portions are arranged side by side in a 
tracking control direction, and wherein 

a ratio of a length of the Sub-beam light-receiving portions 
in the tracking control direction to a length of the main 
beam light-receiving portion in the tracking control 
direction is set to 0.6 or more and less than 1.0. 

12. The optical pickup apparatus of claim 11, wherein 
a ratio between the length of the main-beam light-receiving 

portion in the tracking control direction and the length of 
the Sub-beam light-receiving portions in the tracking 
control direction is set based on an amount of reduction 
in a light reception amount of the Sub-beams associated 
with displacement in the tracking direction. 

13. The optical pickup apparatus of claim 10, wherein 
the main-beam light-receiving portion and the Sub-beam 

light-receiving portions are arranged side by side in a 
tracking control direction, and wherein a ratio of a length 
of the Sub-beam light-receiving portions in the tracking 
control direction to a length of the main-beam light 
receiving portion in the tracking control direction is set 
to substantially 0.6. 

14. The optical pickup apparatus of claim 10, wherein 
a length of the Sub-beam light-receiving portions in a direc 

tion orthogonal to a tracking control direction is substan 
tially the same as a diameter of a spot having intensity 
that is 1/e (eis the base of natural logarithms) relative to 
the maximum intensity of the Sub-beams. 

15. The optical pickup apparatus of claim 10, wherein 
each shape of the Sub-beam light-receiving portions is 
made similar to each shape of the Sub-beams. 

16. The optical pickup apparatus of claim 10, wherein 
each of the Sub-beam light-receiving portions is in an 

octagonal shape. 
17. The optical pickup apparatus of claim 10, wherein each 

of the Sub-beam light-receiving portions is in a shape elon 
gated in a tracking control direction. 

18. The optical pickup apparatus of claim 10, wherein 
a focus error signal is generated from signals obtained from 

the Sub-beam light-receiving portions and the main 
beam light-receiving portion. 
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