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(57) ABSTRACT 
In a photodetector, the minimum siZe of the photodetection 
area for detecting a focus error signal from a light beam on 
the inner radius side of a hologram is made smaller than the 
minimum diameter of diffracted light beam spots (30, 31) for 
recording and reproduction, and When a CD is reproduced, 
a light beam close to the optical axis is made to signi?cantly 
contribute to the focus error signal and the minimum siZe of 
the photodetection area for detecting the focus error signal 
from a light beam from the peripheral side of the hologram 
is made larger than the minimum diameter of diffracted light 
beam spots (130, 131) for recording and reproduction, 
Whereby the focus error signal is made equal to the normal 
focus error signal When a DVD is reproduced, so that the 
focus offset variation caused When the base material thick 
ness varies can be reduced. 
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OPTICAL HEAD DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an optical head 
device. 

[0003] 2. Description of the Related Art 

[0004] An optical memory technology using optical disks 
having pit patterns as high-density and large-capacity 
recording media has increasing applications such as digital 
audio disks, video disks, document ?le disks and data ?les. 
According to the optical memory technology, information is 
recorded onto and reproduced from optical disks With high 
precision and reliability through minutely converged light 
beams. 

[0005] The precision and stability of the recording and 
reproduction depend entirely on the optical system. 

[0006] Basic functions of the optical head device being the 
main part of the optical system are broadly divided into 
convergence to form diffraction limited minute spots, focus 
control and tracking control of the optical system, and 
detection of pit signals. These functions are realiZed by 
combinations of various types of optical systems and pho 
toelectric conversion detection methods according to the 
purposes and uses thereof. 

[0007] On the other hand, in recent years, high-density and 
large-capacity optical disks called DVDs have been put to 
practical use and spotlighted as information media capable 
of handling a large amount of information such as moving 
images. In DVD optical disks, in order to increase the 
recording density, the pit siZe on the information recording 
surface is small compared to compact disks (hereinafter, 
abbreviated as CDs) being conventional optical disks. 
Therefore, in the optical head devices for performing record 
ing and reproduction of DVD optical disks, the Wavelength 
of the light source for deciding the spot diameter and the 
numerical aperture (hereinafter, abbreviated as NA) of the 
converging lens are different from those in the case of CDs. 
In the case of CDs, the Wavelength of the light source is 
substantially 0.78 pm and the NA is substantially 0.45, 
Whereas in the case of DVD optical disks, the Wavelength of 
the light source is substantially 0.63 to 0.65 pm and the NA 
is substantially 0.6. Therefore, to perform recording and 
reproduction of tWo kinds of optical disks of CDs and DVD 
optical disks by use of one optical disk drive, an optical head 
device having tWo optical systems is necessary. 

[0008] On the other hand, in vieW of demands for smaller, 
thinner and loWer-cost optical head devices, the trend is to 
use a common optical system for CDs and DVDs Where 
possible. For eXample, a method is used in Which a light 
source for DVDs is used as the light source and only as the 
converging lens, tWo kinds of converging lenses one of 
Which is for DVD optical disks and the other of Which is for 
CDs are used, or in Which the converging lens is also shared 
and only the NA is mechanically or optically changed so as 
to be large for DVD optical disks and small for CDs. 

[0009] Of the above-described optical head devices, the 
method to optically change the NA of the converging lens 
Will hereinafter be described With reference to the draWings. 
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In the X, y and Z coordinates shoWn in the loWer left part of 
the ?gures, the same coordinate aXes represent the same 
directions on the ?gures. 

[0010] FIG. 8 shoWs the structure of the optical system of 
the conventional optical head device. In FIG. 8, reference 
numeral 1 represents a semiconductor laser With a Wave 
length of substantially 0.65 pm. The semiconductor laser 1 
is disposed so as to emit a light beam polariZed in the 
direction of the X-aXis of the X, y and Z coordinates shoWn 
in the loWer left part of FIG. 8. Reference numeral 2 
represents the light beam emitted from the semiconductor 
laser 1. Reference numeral 3 represents a collimator lens that 
converts the light beam 2 into a parallel light beam. Refer 
ence numeral 4 represents a polariZation anisotropic holo 
gram disposed so as to transmit a polariZed light beam 
having its plane of polariZation Within the X-Z plane of FIG. 
8 and diffract a polariZed light beam having its plane of 
polariZation Within the y-Z plane. The hologram pattern of 
the polariZation anisotropic hologram 4 is formed so that the 
direction of diffraction is different betWeen the central part 
and the peripheral part and that the diffracted light beam 
from the central part is converted into a plurality of light 
beams having different focus positions. Reference numeral 
5 represents a quarter-Wave plate that converts a linearly 
polariZed light beam into a circularly polariZed light beam. 
Reference numeral 6 represents an objective lens. The NA of 
the objective lens 6 is 0.6. Reference numeral 7 represents 
an optical disk. Reference numeral 9 represents a ?rst 
diffracted light beam Which is a light beam diffracted at the 
central part of the polarization anisotropic hologram 4. 
Reference numeral 8 represents a second diffracted light 
beam Which is the other light beam diffracted by the polar 
iZation anisotropic hologram 4. The position of convergence 
of the ?rst diffracted light beam 9 is closer to the collimator 
lens 3 than that of the second diffracted light beam 8. 
Reference numeral 10 represents a photodetector compris 
ing a plurality of photodetection areas. 

[0011] The operation of the optical head device structured 
as described above Will hereinafter be described. 

[0012] In FIG. 8, ?rst, the light beam 2 emitted from the 
semiconductor laser 1 is a linearly polariZed light beam 
having its plane of polariZation Within the X-Z plane of the 
X, y and Z coordinates shoWn in the loWer left part of the 
?gure. After converted into a parallel light beam by the 
collimator lens 3, the light beam 2 is incident on the 
polariZation anisotropic hologram 4. Since the polariZation 
anisotropic hologram 4 transmits a polariZed light beam 
having its plane of polariZation Within the X-Z plane and 
diffracts a polariZed light beam having its plane of polar 
iZation Within the y-Z plane, the light beam 2 is transmitted 
by the polariZation anisotropic hologram 4 as it is and is then 
converted into a circularly polariZed light beam by the 
quarter-Wave plate 5. The circularly polariZed light beam is 
converged by the objective lens 6 to form a minute spot on 
the information recording surface of the optical disk 7. 

[0013] HoWever, since the thickness from the substrate 
surface to the information recording surface is different 
betWeen CDs and DVD optical disks, although a minute spot 
With hardly any aberration can be formed When the optical 
disk 7 is a DVD optical disk, When the optical disk 7 is a CD, 
a spot suf?cient for reproduction of the CD cannot be 
obtained because of aberration generation. 
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[0014] It is known that for reproduction of CDs, by using 
only light, of Within approximately 0.38 in terms of the NA, 
of the light passing through the objective lens 6, the aber 
ration generation is reduced and an eXcellent spot is 
obtained. 

[0015] The light re?ected at the information recording 
surface of the optical disk 7 passes through the objective lens 
6 and the quarter-Wave plate 5 to be converted into a linearly 
polariZed light beam having its plane of polariZation Within 
the y-Z plane, and is diffracted by the polariZation anisotro 
pic hologram 4. 

[0016] In the polariZation anisotropic hologram, the direc 
tion of diffraction is different betWeen the area of the central 
part through Which light, of Within approximately 0.38 in 
terms of the NA of the objective lens 6, of the re?ected light 
beam passes, and the area of the peripheral part. The light 
from the area of the central part becomes the diffracted light 
beams 9 and 8, and is converged by the collimator lens 3. At 
this time, the position of convergence is different betWeen 
the diffracted light beam 9 and the diffracted light beam 8. 
The diffracted light beam 9 is converged at a position closer 
to the collimator lens 3 than the diffracted light beam 8. 

[0017] The diffracted light beams 9 and 8 are incident on 
the photodetector 10 to be detected. By computing the 
output of the photodetector 10, a focus error signal is 
obtained. The focus error signal is obtained by the above 
described method irrespective of Whether the optical disk 7 
is a DVD optical disk or a CD. 

[0018] For an information signal, the detection method is 
different according to Whether the optical disk 7 is a DVD 
optical disk or a CD. 

[0019] That is, in the case of DVD optical disks, the 
information signal is obtained from all the diffracted light 
beams diffracted at the area of the central part and the area 
of the peripheral part of the polariZation anisotropic holo 
gram 4. 

[0020] On the contrary, in the case of CDs, the information 
signal is obtained from the diffracted light beams 9 and 8 
diffracted at the central part of the polariZation anisotropic 
hologram 4. 

[0021] As described above, in the case of CDs, by using, 
of the light re?ected from the information recording surface, 
a light beam, With little aberration, of Within approximately 
0.38 in terms of the NA of the objective lens 6 for detection 
of the information signal, eXcellent signal detection is 
enabled. 

[0022] Examples of the method of detecting the focus 
error signal include a knoWn spot siZe detection (SSD) 
method disclosed in Japanese Laid-open Patent Application 
No. Hei 2-185722. This method Will be detailed by use of 
FIGS. 9(a) to 10(c). 

[0023] FIGS. 9(a) to 9(c) are vieWs of assistance in 
eXplaining the method of detecting the focus error signal. In 
the ?gures, the same elements as those of FIG. 8 are denoted 
by the same reference numerals, and descriptions thereof are 
omitted. 

[0024] In FIG. 9(a), the position of the information 
recording surface of the optical disk 7 is on the side of the 
focus position of the objective lens 6 Which side is farther 
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from the objective lens 6. The focus positions of the dif 
fracted light beam 9 and the diffracted light beam 8 are 
closer to the collimator lens 3. 

[0025] In FIG. 9(b), the position of the information 
recording surface of the optical disk 7 coincides With the 
focus position of the objective lens 6. The focus positions of 
the diffracted light beam 9 and the diffracted light beam 8 are 
symmetrical With respect to the surface of the photodetector 
10, so that the beam siZes of the diffracted light beams 9 and 
8 on the photodetector 10 are the same. 

[0026] In FIG. 9(c) the position of the information record 
ing surface of the optical disk 7 is on the side of the focus 
position of the objective lens 6 Which side is closer to the 
objective lens 6. The focus positions of the diffracted light 
beam 9 and the diffracted light beam 8 are farther from the 
collimator lens 3. 

[0027] The spots of the diffracted light beams on the 
photodetector 10 in the conditions of FIGS. 9(a), 9(b) and 
9(c) are shoWn in FIGS. 10(a), 10(b) and 10(c), respectively. 

[0028] In FIGS. 10(a) to 10(c), reference numeral 10 
represents the photodetector, and reference numerals 8a to 
8d and 9a to 9d represent divisional light beams of the 
diffracted light beam 9 and the diffracted light beam 8 in 
FIGS. 9(a) to 9(c). This division is performed by dividing 
the hologram element 4 into areas. Reference numerals 11 to 
14 represent some of the detection areas of the photodetector 
10. The sum of the outputs of the detection area 11 and the 
detection area 14 is represented by FE1, and the sum of the 
outputs of the detection area 12 and the detection area 13 is 
represented by FE2. 

[0029] FIG. 10(a) is a vieW corresponding to FIG. 9(a). 
In FIG. 10(a), the siZes of the diffracted light beam spots 8a 
to 8d are smaller than those of the diffracted light beam spots 
9a to 9d. 

[0030] Moreover, FIG. 10(b) is a vieW corresponding to 
FIG. 9(b). In FIG. 10(b), the siZes of the diffracted light 
beam spots 8a to 8d are the same as those of the diffracted 
light beam spots 9a to 9d. 

[0031] Moreover, FIG. 10(c) is a vieW corresponding to 
FIG. 9(c) In FIG. 10(c), the siZes of the diffracted light 
beam spots 8a to 8d are larger than those of the diffracted 
light beam spots 9a to 9d. 

[0032] Here, the quadrants of the divisional diffracted 
light beam spots 8a to 8d and 9a to 9d are shoWn in FIGS. 
11(a) to 11(c) being virtually joined for ease of explanation. 

[0033] FIG. 11(a) is a vieW corresponding to FIG. 10(a). 
Reference numerals 15 and 16 represent diffracted light 
beam spots formed by joining the diffracted light beam spots 
8a to 8d and 9a and 9d shoWn in FIG. 10(a), respectively. 

[0034] Reference numerals 17 to 22 represent detection 
areas. The detection area 17 corresponds to the detection 
area 11 shoWn in FIG. 10(a). The detection area 18 corre 
sponds to the detection areas 12 and 13. The detection area 
19 corresponds to the detection area 14. The detection area 
20 corresponds to the detection area 13. The detection area 
21 corresponds to the detection areas 11 and 14. The 
detection area 22 corresponds to the detection area 12. 

[0035] The focus error signal is obtained by the difference 
betWeen the outputs FE1 and FE2 of the detection areas 
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(FE1-FE2). The focus error signal is negative in the case of 
FIG. 11(a), is 0 in the case of FIG. 11(b) and is positive in 
the case of FIG. 11(c). 

[0036] Therefore, by moving the objective lens 6 so that 
the focus error signal is 0, the focus position of the objective 
lens 6 and the position of the information recording surface 
of the optical disk 7 can be made to coincide With each other. 

[0037] In the above-described conventional structure, 
hoWever, When recording and reproduction of CD optical 
disks are performed, the position Where the focus error 
signal is 0 and the position Where the jitter (the value of 
time-axis variation) of the information signal is minimum 
do not alWays coincide With each other. 

[0038] Hereinafter, this problem Will be described With 
reference to the draWings. 

[0039] FIGS. 12(a) and 12(b) are schematic vieWs of 
convergence conditions of the objective lens. 

[0040] FIG. 12(a) shoWs a manner of convergence on a 
DVD optical disk. Reference numeral 23 represents a DVD 
optical disk substrate. Reference numeral 24 represents the 
information recording surface. In DVD optical disks, the 
distance from the substrate surface to the information 
recording surface is 0.6 mm. Reference numeral 25 repre 
sents beams of the converged light. 

[0041] FIG. 12(b) shoWs a manner of convergence on a 
CD optical disk. Reference numeral 26 represents a CD 
optical disk substrate. Reference numeral 27 represents the 
information recording surface. In CD optical disks, the 
distance from the substrate surface to the information 
recording surface is 1.2 mm. Reference numeral 28 repre 
sents beams of the converged light. 

[0042] As shoWn in FIG. 12(a), in the case of DVD 
optical disks, the beams 25 of the converged light are 
incident on the DVD optical disk substrate 23 and are 
converged on the information recording surface 24 Without 
any aberration. 

[0043] HoWever, When light is converged on a CD optical 
disk by the same objective lens, since the distance from the 
substrate surface to the information recording surface is 
different from that in the case of DVD optical disks, spheri 
cal aberration is generated, so that as shoWn in FIG. 12(b), 
the farther a beam is from the optical aXis, the farther the 
position of convergence of the beam is from the objective 
lens. Consequently, the beams 28 of the converged light 
cannot be converged to one point. 

[0044] As a result of an optical analysis, the inventors 
have found that in the above-described case, the jitter of the 
information signal is minimum When the information 
recording surface is situated substantially at the position of 
the average focal length, that is, When the Wavefront aber 
ration of the converged light beam spot on the information 
recording surface is substantially minimum. With respect to 
the siZes of the detection areas 18 and 21 of the photode 
tector 10 used for the conventional focus error signal detec 
tion by the above-described SSD method, the Widths thereof 
are the same, and further, are set so as to be larger than the 
minimum diameter that the diffracted light beam spots 15 
and 16 can have as shoWn in FIGS. 11(a) to 11(c). These are 
set on the precondition that the density of the re?ected light 
is uniform like in the case of DVD optical disks. 
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[0045] Therefore, under such a condition, in the case of 
DVD optical disks, the focus error signal is 0 When the spot 
siZe (see FIG. 9(b)) of the light converged by the objective 
lens 6 is minimum on the information recording surface, and 
the jitter is also minimum at this time. HoWever, in the case 
of CD optical disks, since the density of the re?ected light 
is nonuniform because of spherical aberration, the jitter of 
the information signal is not minimum at the position Where 
the focus error signal is 0. That is, the focus error signal is 
0 at a position different from the position of the average 
focal length. 

[0046] That is, in the conventional optical head device, 
When a DVD optical disk is used, since the light converged 
by the objective lens is converged to one point, the position 
Where the jitter of the information signal is minimum can be 
detected irrespective of the siZes of the detection areas of the 
photodetector 10. HoWever, When a CD optical disk is used, 
since the position Where the focus error signal by the SSD 
method is 0 and the position Where the jitter of the infor 
mation signal is minimum are different because of spherical 
aberration, the time-axis variation of the information signal 
cannot be reduced. 

[0047] Moreover, in the above-described conventional 
structure, in the case of recording and reproduction of DVD 
optical disks, When the base material thickness of a DVD 
varies, the difference (focus offset) betWeen the position 
Where the jitter (the value of time-axis variation) of the 
information signal is minimum and the position Where the 
focus signal is 0 varies. 

[0048] That is, When the base material thickness of a DVD 
varies, a large difference in spherical aberration variation is 
caused betWeen the light beam using all the NAs to obtain 
a DVD reproduction signal and the light beam being inci 
dent on the photodetector for focus detection Where the NA 
is limited to obtain a CD reproduction signal, so that the 
focus offset signi?cantly varies. 

SUMMARY OF THE INVENTION 

[0049] In vieW of the above-described problem of the 
conventional optical head device, an object of the present 
invention is to make the time-axis variation of the informa 
tion signal smaller than that of the conventional device 
irrespective of the type of the information medium and 
reduce the focus offset variation When the base material 
thickness of a high-density recording medium varies. 

[0050] The 1st invention of the present invention is an 
optical head device comprising: 

[0051] a diffraction element diffracting a light beam 
re?ected from an information medium and being 
divided into a plurality of areas in a direction of a 
radius of a luminous ?uX of the light beam; 

[0052] a converging optical system converging the 
diffracted light beam; and 

[0053] a photodetector having a plurality of photo 
detection areas and detecting the converged dif 
fracted light beam, 

[0054] Wherein (1) of a plurality of areas of said 
photodetector, a Width of a photodetection area 
Where a diffracted light beam from an area, close to 
a center of an optical aXis of the light beam, of said 




















