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(57) ABSTRACT 

In an optical System, reflected light from the disk is dif 
fracted by a hologram optical element, and received by an 
optical detector. A focusing error Signal is detected from 
-1st-order diffracted light of the hologram optical element. 
A tracking error Signal by the differential phase method, a 
tracking error Signal by a push-pull method and the data 
Signal recorded on the disk are detected from +1st-order 
diffracted light of the hologram optical element. A diffrac 
tion efficiency of the +1st-order diffracted light is higher 
than a diffraction efficiency of the -1st-order diffracted light. 
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OPTICAL SYSTEM FOR DETECTING DATA 
SIGNAL AND TRACKING ERROR SIGNAL 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATIONS 

0001. This application is a division of application Ser. 
No. 09/442,773, filed Nov. 18, 1999, now pending, and 
based on Japanese Patent Application No. 10-328656, filed 
Nov. 18, 1998, by Ryuichi KATAYAMA. This application 
claims only Subject matter disclosed in the parent applica 
tion and therefore presents no new matter. 

BACKGROUND OF THE INVENTION 

0002 This invention relates to an optical head apparatus 
for carrying out recording and reproducing for an optical 
recording medium, and in particular, to an optical head 
apparatus capable of detecting both of a tracking error Signal 
by a differential phase method and a tracking error Signal by 
a push-pull method. 
0.003 For an optical recording medium of a read only 
type, such as, DVD-ROM, a differential phase method is 
generally used as a method of detecting a tracking error 
Signal. 

0004. On the other hand, for an optical recording medium 
of a rewritable type, such as, DVD-RAM, a push-pull 
method is generally used as a method of detecting a tracking 
error signal. 
0005 Accordingly, in order to deal with both of an 
optical recording medium of the read only type and an 
optical recording medium of the rewritable type by a single 
optical head apparatus, both of a tracking error Signal by the 
differential phase method and a tracking error Signal by the 
push-pull method are required to be detected. 
0006 Further, as a method of detecting a focusing error 
Signal, there are generally used a Foucault method (or 
double knife edge method), an astigmatism method and a 
Spot Size method. 

0007. In this case, the Foucault method is featured in that 
noise of the focusing error Signal in traversing tracks is 
Smaller than those of the astigmatism method and the Spot 
Size method. 

0008 Japanese Unexamined Patent Publication (JP-A) 
No. 143878/1998 and Japanese Unexamined Patent Publi 
cation (JP-A) No. 143883/1998 disclose an optical head 
apparatus capable of detecting both of a tracking error Signal 
by the differential phase method and a tracking error Signal 
by the push-pull method, and also capable of detecting a 
focusing error Signal by the Foucault method. 

0009 FIG. 1 shows a structure of a first conventional 
optical head apparatus disclosed in Japanese Unexamined 
Patent Publication No. 143878/1998. 

0.010 Emitted light from a semiconductor laser 1 is 
formed into a parallel ray by a collimator lens 2, is incident 
on a polarization beam Splitter 3 as p-polarized light, trans 
mits therethrough substantially by 100%, is converted from 
linearly polarized light into circularly polarized light by a 
quarter-wave plate 4, and is focused onto a disk 6 by an 
object lens 5. 
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0011 Reflected light from the disk 6 transmits through 
the object lens 5 in a reverse direction, is converted from 
circularly polarized light into linearly polarized light by the 
quarter-wave plate 4, is incident on the polarization beam 
Splitter 3 as S-polarized light, reflected thereby Substantially 
by 100%, is diffracted by a hologram optical element 158, 
transmits through a lens 8 and is received by an optical 
detector 159. 

0012 FIG. 2 is a plane view of the hologram optical 
element 158. The hologram optical element 158 is divided 
into four of a region 160 through a region 163 by two 
dividing lines respectively in parallel with a radial direction 
and a tangential direction of the disk 6. 

0013 FIG. 3 shows a pattern of the optical detector 159 
and light spots on the optical detector 159. 

0014. The light detector 159 has a light receiving portion 
164 through a light receiving portion 171. With this struc 
ture, +1st-order diffracted light from the region 160 of the 
hologram optical element 158 forms a light spot 173 on a 
boundary line between the light receiving portion 164 and 
the light receiving portion 165. - 1st-order diffracted light 
therefrom forms a light spot 178 on the light receiving 
portion 170. 

0015 +1st-order diffracted light from the region 161 of 
the hologram optical element 158 forms a light spot 172 
outside of the light receiving portions while -1st-order 
diffracted light therefrom forms a light spot 179 on the light 
receiving portion 171. 

0016 +1st-order diffracted light from the region 162 of 
the hologram optical element 158 forms a light spot 174 on 
a boundary between the light receiving portion 166 and the 
light receiving portion 167 while - 1st-order diffracted light 
therefrom forms a light spot 177 on the light receiving 
portion 169. 

0017 +1st-order diffracted light from the region 163 of 
the hologram optical element 158 forms a light spot 175 
outside of the light receiving portions while -1st-order 
diffracted light therefrom forms a light spot 176 on the light 
receiving portion 168. 

0018 When outputs from the light receiving portion 164 
through the light receiving portion 171 are respectively 
designated by notations V164 through V171, the focusing 
error Signal by the Foucault method is obtained by calcula 
tion of (V164+V167)-(V165+V166). 
0019. The tracking error signal by the differential phase 
method is obtained from a phase difference between V168+ 
V17O and V169.V171. 

0020) Further, the tracking error signal by the push-pull 
method is obtained from calculation of (V168+V171)- 
(V169+V170). 
0021 Moreover, a data signal recorded on the disk 6 is 
obtained from calculation of V168+V169+V170+V171 or 
V164 V165V166-V167-V168-V169-V170-V171. 

0022 FIG. 4 shows a structure of a module 180 which is 
a principal portion of the Second conventional optical head 
disclosed in Japanese Unexamined Patent Publication No. 
143883/1998. 
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0023. A semiconductor laser 181 and an optical detector 
182 are installed inside the module 180, and a hologram 
optical element 183 is arranged at a window portion of the 
module 180. 

0024. Emitted light from the semiconductor laser 181 
partially transmits through the hologram optical element 
183, and progresses toward a disk. Reflected light from the 
disk is partially diffracted by the hologram optical element 
183, and is received by the optical detector 182. 
0.025 FIG. 5 is a plane view of the hologram optical 
element 183. The hologram optical element 183 is divided 
into four of a region 184 through a region 187 by two 
dividing lines respectively in parallel with a radial direction 
and a tangential direction of the disk. 
0026 FIG. 6 shows a pattern of the optical detector 182 
and light spots on the optical detector 182. 
0027. The optical detector 182 is provided with a light 
receiving portion 188 through a light receiving portion 193. 
+1st-order diffracted light from the region 184 of the holo 
gram optical element 183 forms a light spot 195 on a 
boundary line between the light receiving portion 189 and 
the light receiving portion 190. 
0028) +1st-order diffracted light from the region 185 of 
the hologram optical element 183 forms a light spot 194 on 
the light receiving portion 188. 
0029 +1st-order diffracted light from the region 186 of 
the hologram optical element 183 forms a light spot 197 on 
the light receiving portion 193. 
0030) +1st-order diffracted light from the region 187 of 
the hologram optical element 183 forms a light spot 196 on 
a boundary line between the light receiving portion 191 and 
the light receiving portion 192. 
0.031 When outputs from the light receiving portion 188 
through the light receiving portion 193 are designated by 
notations V188 through V193, the focusing error signal by 
the Foucault method is obtained by calculation of (V189+ 
V192)-(V190+V191). The tracking error signal by the dif 
ferential phase method is obtained by a phase difference 
between V189+V190+V191+V192 and V188+V193. 

0.032 The tracking error signal by the push-pull method 
is obtained from calculation of (V189+V190+V193)- 
(V188+V191+V192). Further, a data signal recorded on the 
disk is obtained from calculation of V188+V189+V190+ 
V191. V192V193. 

0.033 FIG. 7 is a sectional view of the hologram optical 
element 183. The hologram optical element 183 is consti 
tuted so that a dielectric film 198 is formed on a glass 
Substrate 14. 

0034. With Such a structure, emitted light from the semi 
conductor laser 181 is incident as incident light 199 on the 
hologram optical element 183, transmits therethrough as 
transmitted light 200, and progresses toward the disk. 
0.035 Reflected light from the disk is incident as incident 
light 201 onto the hologram optical element 183, is dif 
fracted as +1st-order diffracted light 202, and is received by 
the optical detector 182. 
0.036 By forming a sectional shape of the dielectric film 
198 in a sawtooth-like shape, the diffraction efficiency of the 
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+1st-order diffracted light is enhanced, and almost no -1st 
order diffracted light is generated. 

0037. In the first conventional optical head apparatus, the 
data Signal recorded on the disk 6 is obtained by the 
calculation of V168+V169+V170+V171 or V164+V165+. 
V166-V167.V168-V169-V17O-V171. 

0038. In the latter case, the light spot 173 formed on the 
boundary between the light receiving portion 164 and the 
light receiving portion 165 and the light spot 174 formed on 
the boundary line between the light receiving portion 166 
and the light receiving portion 167, are used for detecting the 
data Signal. 

0039 However, the frequency characteristic as an optical 
detector on the boundary line is lower than that on the light 
receiving portion. Therefore, the optical Spot formed on the 
boundary line does not Substantially contribute to detecting 
the data Signal which is a high frequency signal. 

0040 Hence, consider only a case in that the data signal 
recorded on the disk 6 is obtained from calculation of 
V168-V169-V170V171. 

0041 High S/N is requested to the data signal recorded in 
the disk 6 and the tracking error Signal by the differential 
phase method because both of them are high frequency 
Signals. 

0042. In order to achieve high S/N, a ratio A of an optical 
amount used in detecting these signals to an optical amount 
of the reflected light from the disk 6 is needed to be as large 
as possible. 

0043. A sectional shape of the hologram optical element 
158 is rectangular. Therefore, the diffraction efficiency of the 
+1st-order diffracted light and the diffraction efficiency of 
the -1st-order diffracted light are equal to each other. 

0044) In this case, maximum values of the diffraction 
efficiencies of the +1st-order diffracted light are about 
40.5%, respectively. Namely, the maximum value of the 
above-mentioned A is equal to 0.405. The value is not 
necessarily regarded as Sufficiently large. 

0045. In the second conventional optical head apparatus, 
the data Signal recorded on the disk is obtained by the 
calculation of V188+V189+V190+V191+V192+V193. In 
this case, the optical spot 195 formed on the boundary line 
of the light receiving portion 189 and the light receiving 
portion 190 and the optical spot 196 formed on the boundary 
line of the light receiving portion 191 and the light receiving 
portion 192, are used for detecting the data Signal. 

0046) However, the frequency characteristic as an optical 
detector on the boundary line is lower than that on the light 
receiving portion. Accordingly, the optical Spot formed on 
the boundary line does not substantially contribute to detect 
ing the data Signal that is a high frequency signal. 

0047 That is, this is equivalent to detecting the data 
Signal by only using the optical Spot 194 and the optical Spot 
197 in correspondence with a half of the section for the 
reflected light from the disk. Consequently, the resolution of 
the data Signal and croSStalk between contiguous tracks are 
deteriorated, and the data Signal cannot be correctly 
detected. 
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0.048. Further, the focusing error signal is detected by 
only using the light spot 195 and the light spot 196 corre 
sponding to a half in the Section of the reflected light from 
the disk. In consequence, noise of the focusing error Signal 
in traversing tracks becomes large, and the focusing error 
Signal cannot be correctly detected. 
0049. There is conceivable a structure in which in place 
of the hologram optical element 158 in the first conventional 
optical head apparatus, the hologram optical element 183 in 
the Second conventional optical head apparatus is used, the 
focusing error Signal is detected from the -1st-order dif 
fracted light and the tracking error Signal by the differential 
phase method and the tracking error Signal by the push-pull 
method and the data Signal recorded on the disk 6 are 
detected from the +1st-order diffracted light. 
0050. However, in this case, the diffraction efficiency of 
the +1st-order diffracted light is high. Therefore, the above 
mentioned value A can be increased. But, almost no -1st 
order diffracted light is generated. In consequence, the 
focusing error Signal cannot be actually detected. 

SUMMARY OF THE INVENTION 

0051. It is therefore an object of the invention to provide 
an optical head apparatus which has a large ratio A of an 
optical amount used in detecting a data Signal recorded on a 
disk and a tracking error Signal by a differential phase 
method to an optical amount of reflected light from the disk. 
0.052 It is another object of the invention to provide an 
optical head apparatus which is capable of realizing high 
S/N with respect to these signals. 
0.053 According to a first aspect of the invention, there is 
provided an optical head apparatus including a light Source, 
an object lens for focusing emitted light from the light 
Source onto an optical recording medium, first optical Sepa 
rating means provided between the light Source and the 
object lens for Separating an optical path of reflected light 
from the optical recording medium, from an optical path of 
the emitted light from the light Source, Second optical 
Separating means further Separating the reflected light from 
the optical recording medium via the first optical Separating 
means into a first group of light and a Second group of light, 
and an optical detector for receiving the first group of light 
and the Second group of light. 
0.054 With this structure, an optical amount of the first 
group of light is larger than an optical amount of the Second 
group of light. 

0055 When the reflected light from the disk is divided 
into the first group of light and the Second group of light in 
this way, the value of the ratio A of optical amounts is large. 
0056 Further, high S/N can be achieved in respect of the 
data Signal recorded on the disk and the tracking error Signal 
by the differential phase method. This is because the optical 
amount of the first group of light is larger than the optical 
amount of the Second group of light. 
0057 According to a second aspect of the invention, a 
tracking error Signal by a differential phase method, a 
tracking error Signal by a push-pull method and a data Signal 
recorded on the optical recording medium are detected from 
the first group of light while a focusing error Signal is 
detected from the Second group of light. 
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0058 According to a third aspect of the invention, the 
Second optical Separating means may be a hologram optical 
element. The first group of light is +1st-order diffracted light 
of the hologram optical element while the Second group of 
light is -1st-order diffracted light of the hologram optical 
element. 

0059. According to a fourth aspect of the invention, the 
hologram optical element is divided into four regions by two 
divided lines respectively in parallel with a radial direction 
and a tangential direction of the optical recording medium. 
Directions of lattices or pitches of the lattices of the four 
regions differ from each other. 
0060 According to a fifth aspect of the invention, a phase 
distribution of the lattices in the hologram optical element is 
formed in a step-like Shape of four levels. 
0061. When a phase difference of light transmitting 
through the two contiguous levels is designated by a nota 
tion (p and widths of the lattices at a 1-St Stage through a 4-th 
Stage are respectively designated by notations p/2-w, w, 
p/2-w and w, cp is substantially L/2, and w/p falls within the 
range of 0<w/p-0.25 or 0.25-w/p-0.5. 
0062 According to a sixth aspect of the invention, the 

first optical Separating means and the Second optical Sepa 
rating means may be an integrated polarizing hologram 
optical element. The polarizing hologram optical element 
transmits the emitted light from the light Source and diffracts 
the reflected light from the optical recording medium. 
0063. The first group of light is +1st-order diffracted light 
of the polarizing hologram optical element while the Second 
group of light is -1st-order diffracted light of the polarizing 
hologram optical element. 
0064. According to a seventh aspect of the invention, the 
polarizing hologram optical element is divided into four 
regions by two divided lines respectively in parallel with a 
radial direction and a tangential direction of the optical 
recording medium. Directions of lattices or pitches of the 
lattices of the four regions differ from each other. 
0065 According to an eighth aspect of the invention, a 
phase distribution of lattices in the polarizing hologram 
optical element is formed in a step-like shape of four levels. 
0066. When phase differences of light transmitting 
through the two contiguous levels in respect of ordinary 
light and extraordinary light are designated respectively by 
notations (po and (pe and widths of the lattices of a 1-St Stage 
through a 4-th Stage are respectively designated by notations 
p/2-w, w, p/2-W and W, (po is Substantially 0, (pe is Substan 
tially L/2, and w/p falls in a range of 0<w/p-0.25 or 
0.25<w/p-0.5. 

0067. The emitted light from the light source is incident 
on the polarizing hologram optical element as the ordinary 
light. The reflected light from the optical recording medium 
is incident on the polarizing hologram optical element as the 
extraordinary light. 

0068 According to a ninth aspect of the invention, a 
phase distribution of lattices in the polarizing hologram 
optical element is formed in a step-like shape of four levels. 
0069. When phase differences of light transmitting 
through the two contiguous levels in respect of ordinary 
light and extraordinary light are designated respectively by 
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notations (po and (pe and widths of the lattices of a 1-St Stage 
through a 4-th Stage are respectively designated by notations 
p/2-w, w, p/2-W and W, p O is Substantially JL/2, (pe is 
substantially 0, and w/p falls within the range of 0<w/p-0.25 
or 0.25<w/p-0.5. 

0070 The emitted light from the light source is incident 
on the polarizing hologram optical element as the extraor 
dinary light. The reflected light from the optical recording 
medium is incident on the polarizing hologram optical 
element as the ordinary light. 
0071 According to a tenth aspect of the invention, the 
Second optical Separating means may be a Wollaston prism. 
With this structure, the first group of light is one of two 
refracted lights of the Wollaston prism while the second 
group of light is the other of two refracted lights of the 
Wollaston prism. 
0.072 According to an eleventh aspect of the invention, 
the Wollaston prism has a first prism disposed on an incident 
Side of the reflected light from the optical recording medium 
and a Second prism disposed on an emitting Side of the 
reflected light from the optical recording medium. 
0073. In this event, an optical axis of the first prism is 
inclined by an angle 0 to a direction in parallel with a 
polarizing direction of the reflected light from the optical 
recording medium. 

0074 An optical axis of the second prism is inclined by 
the angle 0 to a direction orthogonal to the polarizing 
direction of the reflected light from the optical recording 
medium. 

0075. The first group of light is a refracted light consti 
tuting extraordinary light in the first prism and constituting 
ordinary light in the Second prism in the reflected light from 
the optical recording medium. 

0.076 The second group of light is refracted light consti 
tuting the ordinary light in the first prism and constituting the 
extraordinary light in the Second prism in the reflected light 
from the optical recording medium. In this condition, 0 falls 
within the range of -45°.<0<0° or 0-0<45°. 
0.077 According to a twelfth aspect of the invention, the 
Wollaston prism has a first prism disposed on an incident 
Side of the reflected light from the optical recording medium 
and a Second prism disposed on an emitting Side of the 
reflected light from the optical recording medium. 

0078. An optical axis of the first prism is inclined by an 
angle 0 to a direction in parallel with a polarizing direction 
of the reflected light from the optical recording medium. 

0079 An optical axis of the second prism is inclined by 
the angle 0 to a direction orthogonal to the polarizing 
direction of the reflected light from the optical recording 
medium. 

0080. The first group of light is refracted light constitut 
ing ordinary light in the first prism and constituting extraor 
dinary light in the Second prism in the reflected light from 
the optical recording medium. 

0081. The second group of light is refracted light consti 
tuting the extraordinary light in the first prism and consti 
tuting the ordinary light in the Second prism in the reflected 
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light from the optical recording medium. In this case, 0 falls 
within the range of -90-0-45° or 45°-0<90°. 
0082) According to a thirteenth aspect of the invention, a 
four division prism for refracting the reflected light from the 
optical recording medium is provided between the Wollas 
ton prism and the optical detector or between the first optical 
Separating means and the Wollaston prism. 
0083. The four division prism is divided into four regions 
by two dividing lines respectively in parallel with a radial 
direction and a tangential direction of the optical recording 
medium. 

0084 Directions of inclination of emitting faces in 
respect of an incident face or angles made by the emitting 
faces and the incident face of the four regions differ from 
each other. 

0085. According to a fourteenth aspect of the invention, 
a hologram optical element for diffracting the reflected light 
from the optical recording medium as +1st-order diffracted 
light is provided between the Wollaston prism and the 
optical detector or between the first optical Separating means 
and the Wollaston prism. 
0086 The hologram optical element is divided into four 
regions by two dividing lines respectively in parallel with a 
radial direction and a tangential direction of the optical 
recording medium. Directions of lattices, pitches of the 
lattices or phase distributions of the lattices differ from each 
other. 

0087. According to a fifteenth aspect of the invention, the 
phase distribution of the lattices in the hologram optical 
element is formed in a step-like shape of N levels (N is an 
integer equal to or larger than 3). 
0088. When a phase difference of light transmitting 
through the two contiguous levels is designated by a nota 
tion (p and all of widths of the lattices of a 1-St Stage through 
an N-th Stage are designated by a notation p/N, (p is Sub 
stantially 2L/N. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0089 FIG. 1 is a view showing a first conventional 
optical head apparatus, 
0090 FIG. 2 is a plane view of a hologram optical 
element according to the first conventional optical head 
apparatus, 

0091 FIG. 3 is a view showing a pattern of an optical 
detector and light spots on the optical detector according to 
the first conventional optical head apparatus, 
0092 FIG. 4 is a view showing a module which is a 
principal portion of a Second conventional optical head 
apparatus, 

0093 FIG. 5 is a plane view of a hologram optical 
element according to the Second conventional optical head 
apparatus, 

0094 FIG. 6 is a view showing a pattern of an optical 
detector and light spots on the optical detector according to 
the Second conventional optical head apparatus, 
0.095 FIG. 7 is a sectional view of a hologram optical 
element according to the Second conventional optical head 
apparatus, 
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0096 FIG. 8 is a view showing a first embodiment of an 
optical head apparatus according to the invention; 

0097 FIG. 9 is a plane view of a hologram optical 
element according to the first embodiment of the optical 
head apparatus of the invention; 

0.098 FIG. 10 is a sectional view of the hologram optical 
element according to the first embodiment of the optical 
head apparatus of the invention; 
0099 FIG. 11 is a view showing a pattern of an optical 
detector and light spots on the optical detector according to 
the first embodiment of the optical head apparatus of the 
invention; 

0100 FIG. 12 is a plane view of a hologram optical 
element according to a Second embodiment of an optical 
head apparatus of the invention; 

0101 FIGS. 13A and 13B are sectional views of the 
hologram optical element according to the Second embodi 
ment of the optical head apparatus of the invention; 

0102 FIG. 14 is a view showing a pattern of an optical 
detector and light spots on the optical detector according to 
the Second embodiment of the optical head apparatus of the 
invention; 

0103 FIG. 15 is a view showing a third embodiment of 
an optical head apparatus according to the invention; 

0104 FIG. 16 is a sectional view of a polarizing holo 
gram optical element according to the third embodiment of 
the optical head apparatus of the invention; 
0105 FIG. 17 is a view showing a pattern of an optical 
detector and light spots on the optical detector according to 
the third embodiment of the optical head apparatus of the 
invention; 

0106 FIGS. 18A and 18B are sectional views of a 
polarizing hologram optical element according to a fourth 
embodiment of an optical head apparatus of the invention, 
and FIG. 18A corresponds to regions 36 and 37 while FIG. 
18B corresponds to regions 38 and 39; 

0107 FIG. 19 is a view showing a pattern of an optical 
detector and light spots on the optical detector according to 
the fourth embodiment of the optical head apparatus of the 
invention; 

0108 FIG. 20 is a view showing a fifth embodiment of 
an optical head apparatus according to the invention; 

0109 FIGS. 21A and 21B are views showing a consti 
tution of a Wollaston prism according to the fifth embodi 
ment of the optical head apparatus of the invention; 

0110 FIGS. 22A, 22B and 22C are views showing a 
constitution of a four division prism according to the fifth 
embodiment of the optical head apparatus of the invention; 

0111 FIG. 23 is a plane view of a hologram optical 
element according to a sixth embodiment of an optical head 
apparatus of the invention; and 

0112 FIGS. 24A and 24B are sectional views of the 
hologram optical element according to the Sixth embodiment 
of the optical head apparatus of the invention. 
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DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0113 Referring to drawings, description will be herein 
after made about embodiments of this invention. 

First Embodiment 

0114 Referring FIG. 8, description will be made about a 
first embodiment of this invention. 

0115) In FIG. 8, emitted light from the semiconductor 
laser 1 is formed into a parallel ray by the collimator lens 2, 
is incident on the polarizing beam Splitter 3 as p-polarized 
light, transmits therethrough substantially by 100%, is con 
verted from linearly polarized light to circularly polarized 
light by the quarter-wave plate 4, and is focused onto the 
disk 6 through the object lens 5. 
0116 Reflected light from the disk 6 transmits through 
the object lens 5 in a reverse direction, is converted from 
circularly polarized light into linearly polarized light by the 
quarter-wave plate 4, is incident on the polarizing beam 
Splitter 3 as S-polarized light, is reflected Substantially by 
100%, is diffracted by the hologram optical element 7, 
transmits through the lens 8, and is received by the optical 
detector 9. 

0117. In FIG. 9, the hologram optical element 7 is 
divided into four of a region 10 through a region 13 by two 
dividing lines respectively in parallel with a radial direction 
and a tangential direction of the disk 6. It is to be noted that 
a direction of a lattice is in parallel with the tangential 
direction of the disk 6 in any of the region 10 through the 
region 13. Further, pitches of the lattices become wider in 
the order of the region 10, the region 11, the region 12 and 
the region 13. 
0118. In FIG. 10, the hologram optical element 7 is 
constituted so that a dielectric film 15 is formed on the glass 
substrate 14. The reflected light from the disk 6 is incident 
on the hologram optical element 7 as incident light 16, is 
diffracted as -1st-order diffracted light 17 and +1st-order 
diffracted light 18, and is received by the optical detector 9. 
0119) The sectional shape of the dielectric film 15 is 
formed in a step-like shape of four levels. All of differences 
in heights of the two contiguous levels are equal to each 
other. When a phase difference of light transmitting through 
the two contiguous levels is designated by notation (p and 
widths of the lattices of a first stage through a fourth Stage 
are respectively designated by notations p/2-w, w, p/2-W and 
w, the diffraction efficiency m of the -1st-order diffracted 
light and the diffraction efficiency m of the +1st-order 
diffracted light are respectively given by Equation (1) and 
Equation (2). 

m=(2/1)(1-cos 24) {1-sin(2Twip)sin (p} (1) 
m=(2/1)(1-cos 24) {1+sin(2Twip)sin (p} (2) 

0120 When (p=TL/2, w/p=0.135 or w/p=0.365, m=0.10 
and m=0.71. Accordingly, when the focusing error Signal 
is detected from the -1st-order diffracted light 17 and the 
tracking error Signal by the differential phase method, the 
tracking error Signal by the push-pull method and the data 
Signal recorded on the disk 6 are detected by the +1st-order 
diffracted light 18, the value of the above-mentioned A 
becomes 0.71 which is larger than the value in the first 
conventional optical head apparatus. In this event, W/p 
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Satisfying m-m- and m z0 falls within the range of 
0<w/p-0.25 or 0.25<w/p-0.5. 

0121 When the difference in the heights of the two 
contiguous levels of the dielectric film 15 is designated by 
notation h/4, the refractive index of the dielectric film 15 is 
designated by notation n and the wavelength of the incident 
light 16 is designated by notation w, cp is given by Equation 
(3) as follows. 

(p=(2J/2)(n-1)hf4 (3) 

0122) In the case of w=660 nm, when SiO is used for the 
dielectric film 15, Since n=1.46, in order to Set (p as (p=TL/2, 
h may be as h=1.43 um. 
0123. In FIG. 11, the optical detector 9 has a light 
receiving portion 19 through a light receiving portion 26. 
-1st-order diffracted light from the region 10 of the holo 
gram optical element 7 forms a light Spot 27 on a boundary 
line between the light receiving portion 19 and the light 
receiving portion 20 while +1st-order diffracted light there 
from forms a light Spot 34 on the light receiving portion 26. 
0.124 - 1st-order diffracted light from the region 11 of the 
hologram optical element 7 forms a light spot 28 on the 
boundary line between the light receiving portion 19 and the 
light receiving portion 20 while +1st-order diffracted light 
therefrom forms a light spot 33 on the light receiving portion 
25. 

0.125 - 1st-order diffracted light from the region 12 of the 
hologram optical element 7 forms a light spot 29 on a 
boundary line between the light receiving portion 21 and the 
light receiving portion 22 while +1st-order diffracted light 
therefrom forms a light spot 32 on the light receiving portion 
24. 

0.126 -1st-order diffracted light from the region 13 of the 
hologram optical element 7 forms a light spot 30 on the 
boundary line between the light receiving portion 21 and the 
light receiving portion 22 while +1st-order diffracted light 
forms a light Spot 31 on the light receiving portion 23. 
0127. When outputs from the light receiving portion 19 
through the light receiving portion 26 are respectively 
designated by notations V19 through V26, the focusing error 
signal by the Foucault method is obtained by calculation of 
(V19+V22)-(V20+V21). The tracking error signal by the 
differential phase method is obtained from the phase differ 
ence between V23+V26 and V24+V25. 

0128. The tracking error signal by the push-pull method 
is obtained by calculation of (V23+V25)-(V24+V26). Fur 
ther, the data Signal recorded on the disk 6 is obtained by 
calculation of V23+V24+V25+V26. 

Second Embodiment 

0129. Subsequently, description will be made about a 
Second embodiment of this invention. In the second embodi 
ment, the hologram optical element 7 and the optical detec 
tor 9 in the first embodiment illustrated in FIG. 8 are 
replaced by a hologram optical element 35 and an optical 
detector 48, respectively. 
0130. In FIG. 12, the hologram optical element 35 is 
divided into four of a region 36 through a region 39 by two 
dividing lines respectively in parallel with the radial direc 
tion and the tangential direction of the disk 6. Directions of 
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lattices are inclined by a predetermined angle in - direction 
relative to the tangential direction of the disk 6 in the region 
36 and the region 37, and are inclined by a predetermined 
angle in + direction relative to the tangential direction of the 
disk 6 in the region 38 and the region 39. 
0131 Further, pitches of the lattices are equal respec 
tively in the region 36 and the region 39 and in the region 
37 and the region 38, and the latter is wider than the former. 
0132) In FIG. 13A, the hologram optical element 35 is 
constituted so that a dielectric film 40 is formed on the glass 
substrate 14. Reflected light from the disk 6 is incident on 
the hologram optical element 35 as incident light 42, is 
diffracted as -1st-order diffracted light 43 and +1st-order 
diffracted light 44, and is received by the optical detector 48. 

0133). In the meanwhile, in FIG. 13B, the hologram 
optical element 35 is constituted so that a dielectric film 41 
is formed on the glass substrate 14. Reflected light from the 
disk 6 is incident on the hologram optical element 35 as 
incident light 45, is diffracted as -1st-order diffracted light 
46 and +1st-order diffracted light 47, and is received by the 
optical detector 48. 

0.134 FIG. 13A is a sectional view of portions of the 
region 36 and the region 37 while FIG. 13B is a sectional 
view of portions of the region 38 and the region 39. 

0.135 The sectional shapes of the dielectric film 40 and 
the dielectric film 41 are the same as the Sectional shape of 
the dielectric film 15 in the hologram optical element 7 
illustrated in FIG. 10. 

0.136 Accordingly, when the focusing error Signal is 
detected from the 

0.137 - 1st-order diffracted light 43 and the -1st-order 
diffracted light 46, and the tracking error Signal by the 
differential phase method, the tracking error Signal by the 
push-pull method and the data Signal recorded on the disk 6 
are detected from the +1st-order diffracted light 44 and the 
+1st-order diffracted light 47, the value of the above 
mentioned Abecomes 0.71 that is larger than the value in the 
first conventional optical head apparatus. 

0138. In FIG. 14, the optical detector 48 has a light 
receiving portion 49 through a light receiving portion 56. 
The -1st-order diffracted light from the region 36 of the 
hologram optical element 35 forms a light spot 57 on a 
boundary line between the light receiving portion 49 and the 
light receiving portion 50 while the +1st-order diffracted 
light therefrom forms a light Spot 64 on the light receiving 
portion 56. 

013:9) The -1st-order diffracted light from the region 37 
of the hologram optical element 35 forms a light spot 58 on 
the boundary line between the light receiving portion 49 and 
the light receiving portion 50 while the +1st-order diffracted 
light therefrom forms a light Spot 63 on the light receiving 
portion 55. 

0140. The -1st-order diffracted light from the region 38 
of the hologram optical element 35 forms a light spot 59 on 
a boundary line between the light receiving portion 51 and 
the light receiving portion 52 while the +1st-order diffracted 
light therefrom forms a light Spot 62 on the light receiving 
portion 54. 



US 2005/0135207 A1 

0.141. The -1st-order diffracted light from the region 39 
of the hologram optical element 35 forms a light spot 60 on 
the boundary line between the light receiving portion 51 and 
the light receiving portion 52 while the +1st-order diffracted 
light therefrom forms a light Spot 61 on the light receiving 
portion 53. 
0142. When outputs from the light receiving portion 49 
through the light receiving portion 56 are respectively 
designated by notations V49 through V56, the focusing error 
signal by the Foucault method is obtained by calculation of 
(V49+V52)-(V50+V51). The tracking error signal by the 
differential phase method is obtained by the phase difference 
between V53+V56 and V54+V55. The tracking error signal 
by the push-pull method is obtained by calculation of 
(V53+V55)-(V54+V56). Further, the data signal recorded 
on the disk 6 is obtained by calculation of V53+V54+V55+ 
V56. 

Third Embodiment 

0143 Subsequently, description will be made about a 
third embodiment of this invention with reference to FIG. 
15. 

0144. In FIG. 15, a semiconductor laser 66 and an optical 
detector 67 are installed inside a module 65. Emitted light 
from the Semiconductor laser 66 is formed into a parallel ray 
by the collimator lens 2, transmits through a polarizing 
hologram optical element 68 Substantially completely, is 
converted from linearly polarized light into circularly polar 
ized light by the quarter-wave plate 4, and is focused onto 
the disk 6 by the object lens 5. 
0145 Reflected light from the disk 6 transmits through 
the object lens 5 in a reverse direction, is converted from 
circularly polarized light into linearly polarized light by the 
quarter-wave plate 4, is diffracted by the polarizing holo 
gram optical element 68 Substantially completely, transmits 
through the collimator lens 2, and is received by the optical 
detector 67. 

0146 Herein, it is to be noted that a plane view of the 
polarizing hologram optical element 68 is the same as the 
plane View of the hologram optical element 7 illustrated in 
FIG. 9. The polarizing hologram optical element 68 is 
divided into four of the region 10 through the region 13 by 
two dividing lines respectively in parallel with the radial 
direction and the tangential direction of the disk 6. 
0147 Directions of lattices are in parallel with the tan 
gential direction of the disk 6 in any of the region 10 through 
the region 13. Further, pitches of the lattices become wider 
in the order of the region 10, the region 11, the region 12 and 
the region 13. 
0.148. In FIG. 16, the polarizing hologram optical ele 
ment 68 is constructed So that a proton exchange region 70 
is formed in a Substrate of a lithium niobate Substrate 69 
having birefringence and a dielectric film 71 is formed on 
the Substrate, respectively. 

0149 Emitted light from the semiconductor laser 66 is 
incident on the polarizing hologram optical element 68 as 
incident light 72, transmits therethrough as transmitting light 
73, and progresses toward the disk 6. Reflected light from 
the disk 6 is incident on the polarizing hologram optical 
element 68 as incident light 74, is diffracted as -1st-order 
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diffracted light 75 and +1st-order diffracted light 76, and is 
received by the optical detector 67. 
0150. In the meanwhile, it is to be noted that the sectional 
shapes of the proton exchange region 70 and the dielectric 
film 71 are formed in a step-like shape of four levels. All of 
differences in depths of the two contiguous levels in the 
proton exchange region 70 are equal to each other, and all of 
differences in heights of the two contiguous levels in the 
dielectric film 71 are equal to each other. 
0151. When phase differences of light transmitting 
through the two contiguous levels in respect of ordinary 
light and extraordinary light are designated by notations (po 
and (pe and widths of lattices at a first stage through a fourth 
Stage are respectively designated by notations p/2-w, w, 
p/2-W and W, transmittances moc and me for the ordinary 
and the extraordinary light, diffraction efficiencies mo and 
me of the -1st-order diffracted light for the ordinary light 
and the extraordinary light and diffraction efficiencies mo, 
and me of the +1st-order diffracted light for the ordinary 
light and the extraordinary light are respectively given by 
Equation (4) through Equation (9). 

0152. When po=0, pe=TL/2, w/p=0.135 or w/p=0.356, 
then, moo-1, 
0153 mo=0, mo-0, me=0, me=0.10 and me = 
0.71. That is, when the emitted light from the semiconductor 
laser 66 is incident on the polarizing hologram optical 
element 68 as the ordinary light, the emitted light transmits 
therethrough by 100% as transmitting light. When reflected 
light from the disk 6 is incident on the polarizing hologram 
optical element 68 as the extraordinary light, the transmitted 
light is diffracted by 10% as the -1st-order diffracted light 
and by 71% as the +1st-order diffracted light. 
0154) Therefore, when the focusing error signal is 
detected from the -1st-order diffracted light 75, and the 
tracking error Signal by the differential phase method, the 
tracking error Signal by the push-pull method and the data 
Signal recorded on the disk 6 are detected from the +1st 
order diffracted light 76, then the value of the above 
mentioned Abecomes 0.71 which is larger than the value in 
the first conventional optical head apparatus. In this event, 
W/p Satisfying me <me, and me z0 falls within the range 
of 0<w/p-0.25 or 0.25<w/p-0.5. 
O155 When a difference in depths of the two contiguous 
levels of the proton exchange region 70 is designated by 
notation d/4, a difference in heights of the two contiguous 
levels of the dielectric film 71 is designated by notation h/4, 
changes in refractive indices for the ordinary light and the 
extraordinary light by proton eXchange are designated by 
Ano and Ane, the refractive index of the dielectric film 71 is 
designated by notation n and wavelengths of the incident 
light 72 and the incident light 74 are designated by notation 
W., (po and (pe are given by Equation (10) and Equation (11), 
respectively. 
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0156. In the case of w=660 nm, Ano=-0.04 and Ane=0.12 
and when NbO is used for the dielectric film 71, since 
n=2.2, in order to Set (po and (pe as po=0 and pe=TL/2, d and 
h may be d=4.13 um and h=138 nm. 

0157. In FIG. 17, the semiconductor laser 66 and a 
mirror 77 are arranged on the optical detector 67. The optical 
detector 67 has a light receiving portion 78 through a light 
receiving portion 85. Emitted light from the semiconductor 
laser 66 is reflected by the mirror 77, and progresses toward 
the disk 6. 

0158. The -1st-order diffracted light from the region 10 
of the polarizing hologram optical element 68 forms a light 
spot 86 on a boundary line between the light receiving 
portion 78 and the light receiving portion 79 while the 
+1st-order diffracted light therefrom forms a light spot 93 on 
the light receiving portion 85. 

0159. The -1st-order diffracted light from the region 11 
of the polarizing hologram optical element 68 forms a light 
spot 87 on the boundary between the light receiving portion 
78 and the light receiving portion 79 while the +1st-order 
diffracted light therefrom forms a light spot 92 on the light 
receiving portion 84. 

0160 The -1st-order diffracted light from the region 12 
of the polarizing hologram optical element 68 forms a light 
spot 88 on a boundary line between the light receiving 
portion 80 and the light receiving portion 81 while the 
+1st-order diffracted light therefrom forms a light spot 91 on 
the light receiving portion 83. 

0.161 The -1st-order diffracted light from the region 13 
of the polarizing hologram optical element 68 forms a light 
spot 89 on the boundary line between the light receiving 
portion 80 and the light receiving portion 81 while the 
+1st-order diffracted light therefrom forms a light spot 90 on 
the light receiving portion 82. 

0162. When outputs from the light receiving portion 78 
through the light receiving portion 85 are represented 
respectively by notations V78 through V85, the focusing 
error Signal by the Foucault method is obtained by calcula 
tion of (V78+V81)–(V79+V80). 
0163 The tracking error signal by the differential phase 
method is obtained by the phase difference between V82+ 
V85 and V83+V84. The tracking error signal by the push 
pull method is obtained by calculation of (V82+V84)- 
(V83+V85). Further, the data signal recorded on the disk 6 
is obtained by calculation of V82+V83+V84+V85. 

Fourth Embodiment 

0164. Subsequently, description will be made about a 
fourth embodiment of this invention. In the fourth embodi 
ment, the polarizing hologram optical element 68 and the 
optical detector 67 in the third embodiment of the optical 
head apparatus illustrated in FIG. 15 are replaced by a 
polarizing hologram optical element 94 and an optical 
detector 109, respectively. 

0.165. Herein, it is to be noted that the plane view of the 
polarizing hologram optical element 94 is the same as the 
plane view of the hologram optical element 35 illustrated in 
FIG. 12. 
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0166 The polarizing hologram optical element 94 is 
divided into four of the region 36 through the region 39 by 
two dividing lines in parallel respectively with the radial 
direction and the tangential direction of the disk 6. 

0.167 Directions of lattices are inclined by a predeter 
mined angle in 

0168 - direction relative to the tangential direction of the 
disk 6 in the region 36 and the region 37, and are inclined 
by a predetermined angle in + direction relative to the 
tangential direction of the disk 6 in the region 38 and the 
region 39. 

0169. Further, pitches of the lattices are equal to each 
other in the region 36 and the region 39 and in the region 37 
and the region 38, and the latter is wider than the former. 
0170 In FIG. 18A, the polarizing hologram optical ele 
ment 94 is constituted so that a proton exchange region 95 
is formed in the Substrate of the lithium niobate Substrate 69 
having birefringence, and a dielectric film 96 is formed on 
the Substrate, respectively. Emitted light from the Semicon 
ductor laser 66 is incident on the polarizing hologram optical 
element 94 as incident light 99, transmits therethrough as 
transmitting light 100 and progresses toward the disk 6. 

0171 Reflected light from the disk 6 is incident on the 
polarizing hologram optical element 94 as incident light 
101, is diffracted as -1st-order diffracted light 102 and 
+1st-order diffracted light 103, and is received by the optical 
detector 109. 

0172 Meanwhile, in FIG. 18B, the polarizing hologram 
optical element 94 is constituted So that a proton exchange 
region 97 is formed in a substrate of the lithium niobate 
substrate 69 having birefringence and a dielectric film 98 is 
formed on the Substrate, respectively. Emitted light from the 
Semiconductor laser 66 is incident on the polarizing holo 
gram optical element 94 as incident light 104, transmits 
therethrough as transmitting light 105 and progresses toward 
the disk 6. 

0173 Reflected light from the disk 6 is incident on the 
polarizing hologram optical element 94 as incident light 
106, is diffracted as 1st-order diffracted light 107 and 
+1st-order diffracted light 108, and is received by the optical 
detector 109. 

0174 FIG. 18A is a sectional view of portions of the 
region 36 and the region 37 while FIG. 18B is a sectional 
view of portions of the region 38 and the region 39. 

0.175 Sectional shapes of the proton exchange region 95 
and the proton exchange region 97 are the same as the 
Sectional shape of the proton exchange region 70 in the 
polarizing hologram optical element 68 illustrated in FIG. 
16 while sectional shapes of the dielectric film 96 and the 
dielectric film 98 are the same as the sectional shape of the 
dielectric film 71 in the polarizing hologram optical element 
68 illustrated in FIG. 16. 

0176 That is, when emitted light from the semiconductor 
laser 66 is incident on the polarizing hologram optical 
element 94 as ordinary light, the emitted light transmits 
therethrough by 100% as transmitting light. When reflected 
light from the disk 6 is incident on the polarizing hologram 
optical element 94 as extraordinary light, the reflected light 
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is diffracted by 10% as the -1st-order diffracted light and by 
71% as the +1st-order diffracted light, respectively. 

0177 Accordingly, the focusing error signal is detected 
from the -1st-order diffracted light 102 and -1st-order 
diffracted light 107, and the tracking error signal by the 
differential phase method, the tracking error Signal by the 
push-pull method and the data Signal recorded on the disk 6 
are detected from the +1st-order diffracted light 103 and the 
+1st-order diffracted light 108. Under this circumstance, 
value of the above-mentioned A becomes 0.71 which is 
larger than the value in the conventional first optical head 
apparatuS. 

0178. In FIG. 19, the semiconductor laser 66 and the 
mirror 77 are arranged on the optical detector 109. The 
optical detector 109 has a light receiving portion 110 
through a light receiving portion 117. Emitted light from the 
semiconductor laser 66 is reflected by the mirror 77, and 
progresses toward the disk 6. 

0179 The -1st-order diffracted light from the region 36 
of the polarizing hologram optical element 94 forms a light 
Spot 118 on a boundary between the light receiving portion 
110 and the light receiving portion 111 while the +1st-order 
diffracted light therefrom forms a light spot 125 on the light 
receiving portion 117. 

0180. The -1st-order diffracted light from the region 37 
of the polarizing hologram optical element 94 forms a light 
spot 119 on the boundary between the light receiving portion 
110 and the light receiving portion 111 while the +1st-order 
diffracted light therefrom forms a light spot 124 on the light 
receiving portion 116. 

0181. The -1st-order diffracted light from the region 38 
of the polarizing hologram optical element 94 forms a light 
spot 120 on a boundary line between the light receiving 
portion 112 and the light receiving portion 113 while the 
+1st-order diffracted light therefrom forms a light spot 123 
on the light receiving portion 115. 

0182. The -1st-order diffracted light from the region 39 
of the polarizing hologram optical element 94 forms a light 
Spot 121 on the boundary line between the light receiving 
portion 112 and the light receiving portion 113 while the 
+1st-order diffracted light therefrom forms a light spot 122 
on the light receiving portion 114. 

0183) When outputs from the light receiving portion 110 
through the light receiving portion 117 are respectively 
designated by notations V110 through V117, the focusing 
error Signal by the Foucault method is obtained by calcula 
tion of (V110+V113)-(V111+V112). The tracking error sig 
nal by the differential phase method is obtained by the phase 
difference between V114+V117 and V115+V116. The track 
ing error Signal by the push-pull method is obtained by 
calculation of (V114+V116)–(V115+V117). Further, the 
data Signal recorded on the disk 6 is obtained by a calcula 
tion of V114+V115+V116+V117. 

0184. In the third and the fourth embodiments, when 
phase differences of light transmitting through the two 
contiguous levels for ordinary light and extraordinary light 
in the polarizing hologram optical element 68 and the 
polarizing hologram optical element 94 are designated by 
notations (po and (pe, then po=0 and pe=TL/2. 
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0185. Further, emitted light from the semiconductor laser 
66 is incident on the polarizing hologram optical element 68 
or the polarizing hologram optical element 94 as the ordi 
nary light. 

0186 On the other hand, reflected light from the disk 6 is 
incident on the polarizing hologram optical element 68 or 
the polarizing hologram optical element 94 as the extraor 
dinary light. 
0187 Alternatively, when phase differences of light 
transmitting through the two contiguous levels for ordinary 
light and extraordinary light in the polarizing hologram 
optical element 68 and the polarizing hologram optical 
element 94 are designated by notation (po and (pe, then 
(po=TL/2 and 
0188 pe=0. Further, the emitted light from the semicon 
ductor laser 66 may be incident on the polarizing hologram 
optical element 68 or the polarizing hologram optical ele 
ment 94 as the extraordinary light. The reflected light from 
the disk 6 may be incident on the polarizing hologram 
optical element 68 or the polarizing hologram optical ele 
ment 94 as the ordinary light. 

Fifth Embodiment 

0189 Subsequently, description will be made about a 
fifth embodiment of this invention with reference to FIG. 
2O. 

0190. In FIG. 20, emitted light from the semiconductor 
laser 1 is formed into a parallel ray by the collimator lens 2, 
is incident on the polarization beam splitter 3 as p-polarized 
light, transmits therethrough substantially by 100%, is con 
verted from linearly polarized light into circularly polarized 
light by the quarter-wave plate 4, and is focused onto the 
disk 6 by the object lens 5. 
0191 Reflected light from the disk 6 transmits through 
the object lens 5 in a reverse direction, is converted from 
circularly polarized light into linearly polarized light by the 
quarter-wave plate 4, is incident on the polarization beam 
Splitter 3 as S-polarized light, reflected thereby Substantially 
by 100%, refracted by a Wollaston prism 126 and a four 
division prism 127, transmits through the lens 8, and is 
received by the optical detector 9. 
0192) In FIGS. 21A and 21B, the structure of the Wol 
laston prism 126 is illustrated. Herein, it is to be noted that 
FIG. 21A is a side view and FIG. 21B is a plane view. 
0193 The Wollaston prism 126 is constituted by pasting 
together a prism 128 and a prism 129 made of lithium 
niobate having birefringence. Reflected light from the disk 
6 is incident on the Wollaston prism 126 as incident light 
130, refracted as refracted light 131 and refracted light 132, 
and progresses toward the four division prism 127. 
0194 The polarized light direction of the incident light 
130 relative to a pasted face of the prism 128 and the prism 
129 is that of s-polarized light. An optical axis 133 of the 
prism 128 is inclined to the s-polarized light direction by 0 
while an optical axis 134 of the prism 129 is inclined to a 
p-polarized light direction by 0. 

0.195. In the case of lithium niobate, the refractive index 
for ordinary light is larger than the refractive indeX for 
extraordinary light. As a result, a component of the incident 
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light 130 constituting ordinary light in the prism 128 and 
extraordinary light in the prism 129 becomes the refracted 
light 131. Further, a component thereof constituting extraor 
dinary light in the prism 128 and ordinary light in the prism 
129 becomes the refracted light 132. 
0196. In this case, ratios of intensities of the refracted 
light 131 and the refracted light 132 to an intensity of the 
incident light 130 are given by sin°6 and cos’0, respectively. 
When 0=-22 or 0=22, then, sinfe)=0.14 and cos’0=0.86. 
Further, Osatisfying sinfo<cos 0 and sinoz0 falls within the 
range of -45°.<0<0° or 0°-0<45°. 
0197). In FIGS. 22A, 22B and 22C, the constitution of the 
four division prism 127 is illustrated. In this event, FIG. 
22A and FIG. 22B are sectional views while FIG. 22C is a 
plane View. 
0198 The four division prism 127 is made of plastic as its 
material, and is divided into four of a region 135 through a 
region 138 by two dividing lines respectively in parallel with 
the radial direction and the tangential direction of the disk 6. 
0199 FIG. 22A is a sectional view of portions of the 
region 135 and the region 136 while FIG.22B is a sectional 
view of portions of the region 137 and the region 138. 
0200. An emitting face thereof is inclined to an incident 
face thereof in 

0201 + direction around the tangential direction of 
the disk 6 in the region 135 and the region 136, and 
inclined in - direction around the tangential direction 
of the disk 6 in the region 137 and the region 138. 
Angles made by the emitting faces and the incident 
face are respectively equal in the region 135 and the 
region 138 and in the region 136 and the region 137, 
and the former is larger than the latter. 

0202) In FIG. 22A, refracted light from the Wollaston 
prism 126 is incident on the region 135 and the region 136 
of the four division prism 127 respectively as incident light 
139 and incident light 141, refracted respectively as 
refracted light 140 and refracted light 142, and received by 
the optical detector 9. 
0203) In the meanwhile, in FIG.22B, the refracted light 
from the Wollaston prism 126 is incident on the region 137 
and the region 138 of the four division prism 127 respec 
tively as incident light 143 and incident light 145, refracted 
respectively as refracted light 144 and refracted light 146, 
and received by the optical detector 9. 
0204 With such a structure, the focusing error signal is 
detected from light refracted as the refracted light 131 by the 
Wollaston prism 126 and refracted by the four division prism 
127 as the refracted light 140, the refracted light 142, the 
refracted light 144 and the refracted light 146. 
0205 Further, the tracking error signal by the differential 
phase method, the tracking error Signal by the push-pull 
method and the data Signal recorded on the disk 6 are 
detected from light refracted by the Wollaston prism 126 as 
the refracted light 132 and refracted by the four division 
prism 127 as the refracted light 140, the refracted light 142, 
the refracted light 144 and the refracted 146. 
0206 Under this circumstance, the value of the above 
mentioned Abecomes 0.86 which is larger than the value in 
the conventional first optical head apparatus. 

Jun. 23, 2005 

0207. A pattern of the optical detector 9 and lightspots on 
the optical detector 9 are illustrated in FIG. 11. Among the 
lights refracted as the refracted light 131 by the Wollaston 
prism 126, light refracted as the refracted light 140 at the 
region 135 of the four division prism 127 forms the light 
spot 27 on the boundary line between the light receiving 
portion 19 and the light receiving portion 20. 
0208 Further, light refracted as the refracted light 142 by 
the region 136 of the four division prism 127 forms the 
optical spot 28 on the boundary line between the light 
receiving portion 19 and the light receiving portion 20. 
0209 Moreover, light refracted as the refracted light 144 
by the region 137 of the four division prism 127 forms the 
light spot 29 on the boundary line between the light receiv 
ing portion 21 and the light receiving portion 22. 
0210. In addition, light refracted as the refracted light 146 
by the region 138 of the four division prism 127 forms the 
light spot 30 on the boundary line between the light receiv 
ing portion 21 and the light receiving portion 22. 
0211 Among the lights refracted as the refracted light 
132 by the Wollaston prism 126, light refracted as the 
refracted light 140 by the region 135 of the four division 
prism 127 forms the light spot 31 on the light receiving 
portion 23. 
0212. Further, light refracted as the refracted light 142 by 
the region 136 of the four division prism 127 forms the light 
spot 32 on the light receiving portion 24. 
0213 Moreover, light refracted as the refracted light 144 
by the region 137 of the four division prism 127 forms the 
light spot 33 on the light receiving portion 25. 

0214. In addition, light refracted as the refracted light 146 
by the region 138 of the four division prism 127 forms the 
light spot 34 on the light receiving portion 26. 
0215. The focusing error signal by the Foucault method, 
the tracking error Signal by the differential phase method, the 
tracking error Signal by the push-pull method and the data 
Signal recorded on the disk 6 are obtained by the same 
calculation as that in the first embodiment. 

0216) In the fifth embodiment, the four division prism 
127 is arranged between the Wollaston prism 126 and the 
lens 8. Alternatively, the four division prism 127 may be 
arranged between the polarization beam splitter 3 and the 
Wollaston prism 126. 

Sixth Embodiment 

0217 Subsequently, description will be made about a 
sixth embodiment of this invention. In the sixth embodi 
ment, the four division prism 127 in the fifth embodiment 
illustrated in FIG. 20 is replaced by a hologram optical 
element 147. 

0218. With this structure, reflected light from the disk 6 
is refracted by the Wollaston prism 126, is diffracted by the 
hologram optical element 147, and is received by the optical 
detector 9. 

0219. In FIG. 23, the hologram optical element 147 is 
divided into four of a region 148 through a region 151 by 
two dividing lines respectively in parallel with the radial 
direction and the tangential direction of the disk 6. 
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0220 Directions of lattices are in parallel with the tan 
gential direction of the disk 6 in any of the region 148 
through the region 151. Further, pitches of the lattices are 
equal respectively in the region 148 and the region 151 and 
in the region 149 and the region 150, and the latter is wider 
than the former. 

0221 FIG. 24A is a sectional view of portions of the 
region 148 and the region 149 while FIG.24B is a sectional 
view of portions of the region 150 and the region 151. 

0222. In FIG. 24A, the hologram optical element 147 is 
constructed so that a dielectric film 152 is formed on the 
glass Substrate 14. With this structure, refracted light from 
the Wollaston prism 126 is incident on the hologram optical 
element 147 as incident light 154, diffracted as +1st-order 
diffracted light 155 and is received by the optical detector 9. 
0223 Meanwhile, in FIG. 24B, the hologram optical 
element 147 is constructed so that a dielectric film 153 is 
formed on the glass substrate 14. With Such a structure, 
refracted light from the Wollaston prism 126 is incident on 
the hologram optical element 147 as incident light 156, 
diffracted as +1st-order diffracted light 157 and is received 
by the optical detector 9. 

0224. Herein, it is to be noted that sectional shapes of the 
dielectric film 152 and the dielectric film 153 are formed in 
a step-like shape of 8 levels. All of differences in heights of 
the two contiguous levels are equal to each other. 
0225. When a phase difference of light transmitting 
through the two contiguous levels is designated by notation 
(p, and all of widths of the lattices in a first stage through an 
eighth Stage are designated by notation p/8, the diffraction 
efficiency m of the +1st-order diffracted light is given by 
Equation (12). 

0226. When p is set as (p=TL/4, then, m=0.95. 
0227 Under this circumstance, the focusing error signal 
is detected from light refracted as the refracted light 131 by 
the Wollaston prism 126 and diffracted as the +1st-order 
diffracted light 155 and the +1st-order diffracted light 157 by 
the hologram optical element 147. 
0228. Further, the tracking error signal by the differential 
phase method, the tracking error Signal by the push-pull 
method and the data Signal recorded on the disk 6 are 
detected from light refracted as the refracted light 132 by the 
Wollaston prism 126 and diffracted as the +1st-order dif 
fracted light 155 and the +1st-order diffracted light 157 by 
the hologram optical element 147. 

0229. In this condition, the value of the above-mentioned 
A becomes 0.86x0.95=0.82 which is larger than the value in 
the conventional first optical head apparatus. 

0230. When differences in heights of the two contiguous 
levels of the dielectric film 152 and the dielectric film 153 
are designated by notation h/8, the refractive indices of the 
dielectric film 152 and the dielectric film 153 are designated 
by notation n, and wavelengths of the incident light 154 and 
the incident light 156 are designated by notation W, cp is given 
by Equation (13). 
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0231. In the case of w=660 nm, when SiO is used for the 
dielectric film 152 and the dielectric film 153, since n=1.46, 
in order to set (p=1/4, h may be h=1.43 um. 
0232 A pattern of the optical detector 9 and lightspots on 
the optical detector 9 are shown by FIG. 11. Among the 
lights refracted as the refracted light 131 by the Wollaston 
prism 126, light diffracted as the +1st-order diffracted light 
155 by the region 148 of the hologram optical element 147 
forms the light spot 27 on the boundary line between the 
light receiving portion 19 and the light receiving portion 20. 

0233. Further, light diffracted as +1st-order diffracted 
light 155 by the region 149 of the hologram optical element 
147 forms the light spot 28 on the boundary line between the 
light receiving portion 19 and the light receiving portion 20. 

0234 Moreover, light diffracted as the +1st-order dif 
fracted light 157 by the region 150 of the hologram optical 
element 147 forms the light spot 29 on the boundary line 
between the light receiving portion 21 and the light receiv 
ing portion 22. 

0235. In addition, light diffracted as the +1st-order dif 
fracted light 157 by the region 151 of the hologram optical 
element 147 forms the light spot 30 on the boundary line 
between the light receiving portion 21 and the light receiv 
ing portion 22. 

0236 Among the lights refracted as the refracted light 
132 by the Wollaston prism 126, light diffracted as the 
+1st-order diffracted light 155 by the region 148 of the 
hologram optical element 147 forms the light spot 31 on the 
light receiving portion 23. 

0237 Further, light diffracted as the +1st-order diffracted 
light 155 by the region 149 of the hologram optical element 
147 forms the light spot 32 on the light receiving portion 24. 
0238 Moreover, light diffracted as the +1st-order dif 
fracted light 157 by the region 150 of the hologram optical 
element 147 forms the light spot 33 on the light receiving 
portion 25. 

0239). In addition, light diffracted as the +1st-order dif 
fracted light 157 by the region 151 of the hologram optical 
element 147 forms the light spot 34 on the light receiving 
portion 26. 
0240 The focusing error signal by the Foucault method, 
the tracking error Signal by the differential phase method, the 
tracking error Signal by the push-pull method and the data 
Signal recorded on the disk 6 are obtained by the same 
calculation as that in the first embodiment. 

0241. In the sixth embodiment, the hologram optical 
element 147 is arranged between the Wollaston prism 126 
and the lens 8. Alternatively, the hologram optical element 
147 may be arranged between the polarization beam splitter 
3 and the Wollaston prism 126. 
0242 Further, in the sixth embodiment, a phase distribu 
tion of lattice in the hologram optical element 147 is formed 
in a Step-like Shape of 8 levels and when the phase difference 
of light transmitting through the two contiguous levels is 
designated by notation (p, all of widths of lattices of a first 
Stage through an eighth Stage are designated by p?8, (p=TL/4. 

0243 Alternatively, when a phase distribution of lattice 
in the hologram optical element 147 is formed in a step-like 
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shape of N levels (N is an integer equal to or larger than 3), 
the phase difference of light transmitting through the con 
tiguous levels may be generally designated by notation (p and 
all of widths of lattices of a first stage through an N-th Stage 
are designated by notation p/N, then (p=2L/N. 

0244. In the fifth and the sixth embodiments, the optical 
axis 133 of the prism 128 is inclined to the s-polarized light 
direction by 0. The optical axis 134 of the prism 129 is 
inclined to the p-polarized light direction by 0. The focusing 
error signal is detected from the refracted light 131 which is 
a component of the incident light 130 constituting ordinary 
light in the prism 128 and extraordinary light in the prism 
129. 

0245) Further, the tracking error signal by the differential 
phase method, the tracking error Signal by the push-pull 
method and the data Signal recorded on the disk 6 are 
detected from the refracted light 132 which is a component 
thereof constituting the extraordinary light in the prism 128 
and ordinary light in the prism 129, and 0 falls within the 
range of -45°.<0<0° or 0°-0<45°. 
0246. In this case, the ratios of the intensities of the 
refracted light 131 and the refracted light 132 to the intensity 
of the incident light 130 are given respectively by sin() and 
cos’0, and sin°6<cos’0 and sinez0. 
0247. In contrast, the optical axis 133 of the prism 128 is 
inclined to the 

0248 S-polarized light direction by 0. The optical axis 
134 of the prism 129 is inclined to the p-polarized light 
direction by 0. The focusing error Signal is detected from the 
refracted light 132 which is a component of the incident light 
130 constituting extraordinary light in the prism 128 and 
ordinary light in the prism 129. 

0249 Further, the tracking error signal by the differential 
phase method, the tracking error Signal by the push-pull 
method and the data Signal recorded on the disk 6 are 
detected from the refracted light 131 which is a component 
thereof constituting the ordinary light in the prism 128 and 
the extraordinary light in the prism 129, and 0 falls within 
the range of -90-0-45° or 45°-0<90. 
0250 In this case, the ratios of the intensities of the 
refracted light 131 and the refracted light 132 to the intensity 
of the incident light 130 are respectively given by sin() and 
cos’0, and sin°6>cos’0 and sinez0. 
0251 According to the above-mentioned optical head 
apparatus, reflected light from the disk is divided into the 
first group of light and the Second group of light. The 
tracking error Signal by the differential phase method, the 
tracking error Signal by the push-pull method and the data 
Signal recorded on the disk are detected from the first group 
of light while the focusing error Signal is detected from the 
Second group of light. 

0252) In this event, an optical amount of the first group of 
the light is larger than an optical amount of the Second group 
of the light. 

0253 With this structure, the ratio A of the optical 
amount used in detecting the data Signal recorded on the disk 
and the tracking error Signal by the differential phase method 
to the optical amount of the reflected light from the disk is 
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large, and high S/N is achieved with respect to these signals. 
This is because the optical amount of the first group of light 
is larger. 

What is claimed is: 
1. An optical System comprising: 

a light Source, 
an object lens for focusing emitted light from the light 

Source onto an optical recording medium; 
first optical Separating means which is provided between 

the light Source and the object lens and which Separates 
an optical path of reflected light from the optical 
recording medium, from an optical path of the emitted 
light from the light Source; 

Second optical Separating means which Separates the 
reflected light from the optical recording medium via 
the first optical Separating means into a first group of 
light and a Second group of light; and 

an optical detector for receiving the first group of light and 
the Second group of light; 

wherein an optical Signal Strength of the first group of 
light is larger than an optical Signal Strength of the 
Second group of light. 

2. An optical System as claimed in claim 1, wherein: 
wherein the optical system is constituted Such that a 

tracking error Signal by a differential phase method, a 
tracking error Signal by a push-pull method and a data 
Signal recorded on the optical recording medium are 
detected from the first group of light while a focusing 
error Signal is detected from the Second group of light. 

3. An optical System as claimed in claim 1, wherein: 
the first optical Separating means and the Second optical 

Separating means are an integrated polarizing hologram 
optical element, 

the polarizing hologram optical element transmits the 
emitted light from the light source and diffracts the 
reflected light from the optical recording medium, and 

the first group of light is +1st-order diffracted light of the 
polarizing hologram optical element while the Second 
group of light is -1st-order diffracted light of the 
polarizing hologram optical element. 

4. An optical System as claimed in claim 3, wherein: 
the polarizing hologram optical element is divided into 

four regions by two divided lines respectively in par 
allel with a radial direction and a tangential direction of 
the optical recording medium, and 

directions of lattices or pitches of the lattices of the four 
regions are different from each other. 

5. An optical System as claimed in claim 3, wherein: 
a phase distribution of lattices in the polarizing hologram 

optical element is formed in a step-like shape of four 
levels, 

when phase differences of light transmitting through the 
two contiguous levels for ordinary light and extraordi 
nary light are designated respectively by notation (po 
and (pe and widths of the lattices of a 1-St Stage through 



US 2005/0135207 A1 

a 4-th Stage are respectively designated by notations 
p/2-w, w, p/2-W and W, (po is Substantially equal to 0, pe 
is Substantially equal to 

II/2 and w/p falls within the range of 0<w/p-0.25 or 
0.25<w/p-0.5, and 

the emitted light from the light Source is incident on the 
polarizing hologram optical element as the ordinary 
light while the reflected light from the optical recording 
medium is incident on the polarizing hologram optical 
element as the extraordinary light. 

6. An optical System as claimed in claim 3, wherein: 
a phase distribution of lattices in the polarizing hologram 

optical element is formed in a step-like shape of four 
levels, 

when phase differences of light transmitting through the 
two contiguous levels for ordinary light and extraordi 
nary light are designated respectively by notations (po 
and (pe and widths of the lattices of a 1-St Stage through 
a 4-th Stage are respectively designated by notations 
p/2-w, w, p/2-W and W, (po is Substantially equal to JL/2, 
(pe is substantially equal to 0 and w/p falls within the 
range of 0<w/p-0.25 or 0.25-w/p-0.5, and 

the emitted light from the light Source is incident on the 
polarizing hologram optical element as the extraordi 
nary light while the reflected light from the optical 
recording medium is incident on the polarizing holo 
gram optical element as the ordinary light. 

7. An optical System as claimed in claim 1, wherein: 
the Second optical Separating means comprises a Wollas 

ton prism, 

the first group of light is one of two refracted lights of the 
Wollaston prism, and 

the Second group of light is the other of two refracted 
lights of the Wollaston prism. 

8. An optical System as claimed in claim 7, wherein: 
the Wollaston prism includes a first prism disposed on an 

incident side of the reflected light from the optical 
recording medium and a Second prism disposed on an 
emitting Side of the reflected light from the optical 
recording medium, 

an optical axis of the first prism is inclined by an angle 0 
to a direction in parallel with a polarizing direction of 
the reflected light from the optical recording medium, 

an optical axis of the Second prism is inclined by the angle 
0 to a direction orthogonal to the polarizing direction of 
the reflected light from the optical recording medium, 

the first group of light is refracted light constituting 
extraordinary light in the first prism and constituting 
ordinary light in the Second prism of the reflected lights 
from the optical recording medium, 

the Second group of light is refracted light constituting the 
ordinary light in the first prism and constituting the 
extraordinary light in the Second prism in the reflected 
light from the optical recording medium, and 

0 falls within the range of -45°-0<0° or 0°-0<0<45°. 
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9. An optical System as claimed in claim 7, wherein: 
the Wollaston prism includes a first prism disposed on an 

incident side of the reflected light from the optical 
recording medium and a Second prism disposed on an 
emitting Side of the reflected light from the optical 
recording medium, 

an optical axis of the first prism is inclined by an angle 0 
to a direction in parallel with a polarizing direction of 
the reflected light from the optical recording medium, 

an optical axis of the Second prism is inclined by the angle 
0 to a direction orthogonal to the polarizing direction of 
the reflected light from the optical recording medium, 

the first group of light is refracted light constituting 
ordinary light in the first prism and constituting extraor 
dinary light in the Second prism in the reflected light 
from the optical recording medium, 

the Second group of light is refracted light constituting the 
extraordinary light in the first prism and constituting 
the ordinary light in the Second prism of the reflected 
lights from the optical recording medium, and 

0 falls within the range of -90-0-45° or 45°-0<90. 
10. An optical System as claimed in claim 7, wherein: 
a four division prism for refracting the reflected light from 

the optical recording medium is provided between the 
Wollaston prism and the optical detector or between the 
first optical Separating means and the Wollaston prism, 

the four division prism is divided into four regions by two 
dividing lines respectively in parallel with a radial 
direction and a tangential direction of the optical 
recording medium, and 

directions of inclination of the emitting faces in respect of 
the incident faces or angles made by the emitting faces 
and the incident faces of the four regions are different 
from each other. 

11. An optical System as claimed in claim 7, wherein: 
a hologram optical element for diffracting the reflected 

light from the optical recording medium as +1st-order 
diffracted light is provided between the Wollaston 
prism and the optical detector or between the first 
optical Separating means and the Wollaston prism, 

the hologram optical element is divided into four regions 
by two dividing lines respectively in parallel with a 
radial direction and a tangential direction of the optical 
recording medium, and 

directions of lattices, pitches of the lattices or phase 
distributions of the lattices are different from each 
other. 

12. An optical System as claimed in claim 11, wherein: 
the phase distribution of the lattices in the hologram 

optical element is formed in a step-like shape of N 
levels (N is an integer equal to or larger than 3), and 

when a phase difference of light transmitting through the 
two contiguous levels is designated by a notation (p and 
all of widths of the lattices of a 1-St Stage through an 
N-th Stage are designated by a notation p/N, (p is 
Substantially equal to 2L/N. 

k k k k k 


