
;e3e4001$242B246h4T4[c512 D E C 2002  DESCRIPTION OPTICAL ELEMENT,
SEMICONDUCTOR DEVICE, AND OPTICAL INFORMATION RECORDING DEVICE 5 EMPLOYING
THE SAME TECHNICAL FIELD The present invention relates generally to an
optical information processing device that performs the recording,
reproduction, erasure, etc. of 10 information with respect to an
information recording medium such as an optical disk. The present invention
particularly relates to an optical semiconductor device employed in an
optical head device, which has a function of detecting reproduction signals
and various kinds of servo signals, and to an optical element used therein.
15 BACKGROUND ART The following description will depict a configuration and
principle of operation of a conventional optical semiconductor device used
in an optical information processing device, which has a function of
detecting 20 reproduction signals and various kinds of servo signals) while
referring to FIG. 10. A light beam emitted from a semiconductor laser
element 101 as a light source is diffracted in a Y direction as viewed in
the figure by a three-beam-generating diffraction grating element 102, so
that a zeroth order light of the same becomes a main beam while the first
order lights 25 (1) become sub beams. These three beams obtained by
division are focused on an information recording medium 106 by an objective
lens 105 and reflected by the information recording medium 106, and then
enter a hologram element 103. The hologram element 103 is a diffraction
grating composed of 30 gratings, each in a curved line form. A reflected
light beam from the information recording medium 106 is divided by the
hologram element 103, where the +1-order diffracted light 107A is subjected
to a converging effect) while the -1-order diffracted light 107B is
subjected to a diverging effect, and they are guided to photodetector
elements 104A and 104B, respectively. 35 The +1-order diffracted light 107A
incident on the photodetector element 104A is focused before a
light-receiving surface thereof, whereas the -1-order diffracted light 107B
incident on the photodetector element 104B ~u~oha~n   12 D E C 2002 2 is
focused behind a light-receiving surface thereof. Reproduction signals and
focus error signals are detected from a main beam among the reflected light
beams having been guided to the photodetector elements 104A and 104B, while
tracking error signals are 5 detected from sub beams among the same. Focus
servo is performed so that the +1-order diffracted light 107A and the
-1-order diffracted light 107B resulting from the division by the hologram
element 103 have light spots of substantially the same size on the
photodetector elements. Tracking servo is performed so that sub beams have
equal quantities of 10 light. The position of the objective lens is
controlled by those servos, whereby an appropriate action of the optical
semiconductor device as an optical information processing device can be
achieved. In the foregoing conventional optical semiconductor device, the 



same photodetector elements 104A and 104B are used for detecting 15
reproduction signals and focus error signals. Since the 1-order diffracted
light having been subjected to the converging and diverging effects,
respectively, at the hologram element l03 have to be received in a
defocused state by the photodetector elements 104A and 104B, the
photodetector elements 104A and 104B must have large light-receiving 20
areas, approximately 30000 ~,m2 each. In the case where the photodetector
elements have large light-receiving areas, electric capacitances associated
with the photodetector elements increase, thereby impairing the quick
responsiveness significantly This particularly has been a significant
problem when CD-ROMs, DVD-ROMs, etc. are 25 reproduced at a high speed, for
instance, at several tens of times the normal speed. Furthermore, there has
been the following problem as well: in the case where the photodetector
element for detecting reproduction signals has a large light-receiving
area, stray light components incident thereon (external light, unnecessary
reflection) increase, thereby 30 decreasing the signal-to-noise ratio
(hereinafter referred to as S/N ratio) of the reproduction signals.
DISCLOSURE OF THE INVENTION Therefore, with the foregoing in mind, it is an
object of the present 35 invention to solve the above-described problems of
the prior art, and to provide an optical semiconductor device capable of
reproducing an information recording medium at a high speed and obtaining
reproduction   ~ 2 D E C 200 3 signals with an excellent S/N ratio, and an
optical information processing device employing the same. An optical
semiconductor device of the present invention includes: a laser element> an
emitted beam dividing portion for dividing an emitted 5 light beam from the
laser element into a plurality of light beams a reflected beam dividing
portion for dividing a reflected light beam from an information recording
medium into light beams in different focused states servo-signal-detecting
photodetector elements for receiving the reflected light beams obtained by
the division by the reflected beam dividing portion 10 in a defocused state
a first diffraction grating that is provided in the emitted beam dividing
portion and that diffracts the reflected light beam having passed through
the reflected beam dividing portion and a signal-detecting photodetector
element for receiving reflected light beams having been subjected to the
diffraction by the first diffraction grating. 15 This configuration allows
the diffracted light obtained by the diffraction of the reflected light
beam from the information recording medium by the first diffraction grating
to substantially focus on the reproduction-signal-detecting photodetector
element, thereby making it possible to reduce a light receiving area of the
20 reproduction-signal-detecting photodetector element. This allows
reduction of the capacitance associated with the photodetector element,
thereby ensuring high-speed response of the reproduction signals.
Furthermore, the reduction of the area of the reproduction-signal-detecting
photodetector element leads to a decrease in stray light components 25
incident on the detecting portion for detecting reproduction signals,
thereby allowing reproduction signals with an excellent S/N ratio to be
obtained. An optical semiconductor device of the present invention that has
another configuration includes: a laser element a first optical element
through which an emitted light beam from the laser element passes a 30
second optical element for dividing the reflected light beam from an
information recording medium into light beams in different focused states
and a first diffraction grating that is provided in the first optical
element and that diffracts the reflected light beam having passed through
the second optical element. 35 An optical element of the present invention
includes: a first optical element that is provided on one surface of a
transparent member and that includes first and second diffraction gratings
and a second optical element   



~ 2 D E C 2002 4 that is provided on the other surface of the transparent
member and that divides a reflected light beam into light beams in
different focused states, wherein the first and second diffraction gratings
are juxtaposed in a first direction, and gratings of the first diffraction
grating are arranged in a 5 direction different from the first direction.
BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a cross-sectional view
illustrating a schematic configuration of an optical semiconductor device
according to a first 10 embodiment of the present invention and an optical
information processing device employing the same. FIG. 2 is a plan view of
an emitted beam dividing portion in the optical semiconductor device shown
in FIG. 1. FIG. 3 is an enlarged cross-sectional view specifically
illustrating a 15 first diffraction grating in the emitted beam dividing
portion shown in FIG. 2. FIG. 4 is an enlarged cross-sectional view
specifically illustrating another embodiment of the first diffraction
grating. FIG. 5 is an enlarged plan view specifically illustrating an 20
arrangement of detecting sections included in the photodetector element in
the optical semiconductor device shown in FIG. 1 FIG. 6 is a plan view
illustrating an emitted beam dividing portion in an optical semiconductor
device according to a second embodiment of the present invention. 26 FIG. 7
is a plan view illustrating an emitted beam dividing portion in an optical
semiconductor device according to a third embodiment of the present
invention. FIG. 8 is an enlarged plan view specifically illustrating an
arrangement of detecting sections included in a photodetector element in 30
the optical semiconductor device according to the third embodiment of the
present invention. FIG. 9 is an enlarged plane view specifically
illustrating another embodiment of an optical element in the optical
semiconductor device according to the third embodiment of the present
invention. 35 FIG. 10 is a cross-sectional view illustrating a conventional
optical semiconductor device and an optical information processing device
employing the same.   ~ 2 D E C 2002 DESCRIPTION OF THE INVENTION 



First Embodiment FIG. 1 schematically illustrates an optical semiconductor
device 1 5 (basic cross-sectional configuration) according to the first
embodiment of the present invention, and an optical information processing
device 2 in which the optical semiconductor device 1 is employed. The
optical information processing device 2 includes an optical semiconductor
device 1, an objective lens 4 for focusing a light beam emitted from the
optical 10 semiconductor device 1 into an information recording medium 3
(for instance, an optical disk, a magneto-optical disk, etc.), and a
mechanism controlling actions of the same (a servo mechanism, a signal
processing circuit, etc., though not shown). The optical semiconductor
device 1 includes a semiconductor 15 element 11, a package 2I incorporating
the same, and an optical element 31 mounted on the package 21. By sealing
the semiconductor element 11 in the package 21 and the optical element 31,
the optical semiconductor device 1 has an integrated configuration.
Increasing the effectiveness of the sealing improves the reliability of the
semiconductor element 11. 20 The semiconductor element 11 includes a
photodetector element 41 having a plurality of detecting portions 43, 45,
and 47 that are provided by thermal diffusion or the like on a silicon
substrate, and a semiconductor laser element 51 formed on the same silicon
substrate. The semiconductor laser element 51 is made of a chemical
compound provided at a bottom of a 25 recessed part (not shown) having an
inclined surface, formed in the silicon substrate by wet etching. The
semiconductor laser element 51 emits a laser beam with a wavelength of
approximately 300 to 800 nm. A light beam is emitted in a Y direction from
the semiconductor laser element 61, reflected by the inclined surface) so
as to be directed in a Z direction. It 30 should be noted that such an
inclined surface is unnecessary in the case where the semiconductor laser
element 51 is of a plane emission type. Thus, by integrating the
semiconductor laser element 51 and the photodetector element 41 on one
silicon substrate, it is possible to obtain a smaller-size optical
semiconductor device. Furthermore, in the case where 35 the relative
positional relationship between the semiconductor laser element 51 and the
photodetector element 41 is determined in the semiconductor process for
processing the silicon substrate (for instance, by   ~i 2 D E C 2002 6
forming the detecting portions and the recessed part by using mask
alignment), it is possible to reduce the number of steps, thereby
shortening the time required for assembling and reducing the cost, as
compared with a case where these elements are assembled separately and then
they are 5 fixed after their positional relationship is adjusted.
Furthermore, the detecting portions and the integrated circuit either for
current-voltage conversion of electric signals obtained from the detecting
portions or for calculation of the same may be provided integrally on a
silicon substrate. This makes it possible to further miniaturize the
device. It should be 10 noted that the light source is not limited to the
semiconductor laser, and a laser of another type (for instance, a laser in
which SHG is used) may be used as a light source. The optical element 31 is
composed of a base made of a glass or a resin having substantial
transparency with respect to a wavelength used, 15 an emitted beam dividing
portion 61 is provided on one of surfaces of the base, for dividing a light
beam emitted from the semiconductor laser element 51, and a reflected beam
dividing portion 71 is provided on a surface opposite to the foregoing
surface, for dividing a light beam reflected from the information recording
medium 3. In the emitted beam dividing 20 portion 61, a diffraction grating
is provided that, as described later, divides a light beam having passed
through the reflected beam dividing portion 71 among the reflected light
beam from the information recording medium 3. The emitted beam dividing
portion 61 and the reflected beam dividing portion 71 may be provided in
the form of separated first and second optical 25 elements. Furthermore,
the emitted beam dividing portion 61 may be configured simply to transmit
the light beam emitted from the semiconductor laser 51, without having a
function to divide the emitted light beam from the semiconductor laser
element 51. A light beam emitted from the semiconductor laser element 51 30
passes through the emitted beam dividing portion 61 and the reflected beam
dividing portion 71, and is focused on the information recording medium 3
by the objective lens 4. A reflected light beam from the information
recording medium 3 is divided by diffraction in the X direction by the
reflected beam dividing portion 71, and 1-order diffracted light 



35 beams 83 and 85 thus obtained are guided to the detecting portions 43
and 45 of the photodetector element 41. Furthermore, the 0-order diffracted
light (transmitted light) again enters the emitted beam dividing portion
61,   ~ z D E c zooz and is diffracted by a first diffraction grating
provided on the emitted beam dividing portion 61, so as to be guided to the
detecting portion 47. As shown in FIG. 2, the emitted beam dividing portion
61 includes regions serving as a first diffraction grating 63, a second
diffraction grating 5 65, and a third diffraction grating 67, thereby
composing a three-beam-generating diffraction grating element. In the
drawing, respective patterns of the diffraction gratings are illustrated
with a plurality of lines. Furthermore, effective regions on the emitted
beam dividing portion 61 corresponding to the beams to be collected into
the 10 objective lens 4 are indicated as a main beam 81 (r representing a
radius of the same), and sub beams 82 and 84. The emitted light beam from
the semiconductor laser element 51 is diffracted by the emitted beam
dividing portion 61 in a Y direction shown in the drawing. As a result of
division, a 0-order diffracted light obtained 15 from the first diffraction
grating is obtained as the main beam 81, while 1-order diffracted lights
obtained from the second and third diffraction gratings 65 and 67 are
obtained as the sub beams 82 and 84, respectively, thereby being collected
into the objective lens 4 as a focusing means. On an optical axis extending
between an emission point of the 20 semiconductor laser element 51 and a
main beam spot incident on the information recording medium 3) Iet an
air-equivalent distance from the emission point of the semiconductor laser
element 51 to the emitted beam dividing portion 61 be represented by d.
Here, the air-equivalent distance means a value obtained by dividing a
distance of light transmission 26 through a medium by a refractive index of
the medium. Further, let a numerical aperture of the objective lens 4 be
represented by NA. Furthermore) let a distance in an X direction measured
from a point at which the optical axis and the emitted beam dividing
portion 61 cross on the emitted beam dividing portion 61 be represented by
r. Here, the first 30 diffraction grating 63 is formed so as to have an
area that includes at least an area satisfying: r s dxtan(siri 1(NA))
[Formula 1] 35 The reflected light dividing portion 71 is made of a
hologram element composed of gratings, each in a curved line form. Among
the three beams reflected from the information recording medium 3, as to
each   ~ D E C ~t~ n;~ 8 of the main beam 81 and sub beams 82 and 84, the
+1-order diffracted light beam 83 is subjected to a converging effect while
the -1-order diffracted light beam 85 is subjected to a diverging effect
when they are divided, and they are guided to the detecting portions 43 and
45 of the photodetector 5 element 41. On the other hand, the 0-order
diffracted light beam 87 of the main beam 81 of the reflected light beam,
obtained by the division by the reflected beam dividing portion 71, again
enters the emitted beam dividing portion 61. This light beam is diffracted
in the X direction by the first diffraction grating 63 of the emitted beam
dividing portion 61. The first 10 diffraction grating 63 and the like are
configured so that the +1-order diffracted light beam 88 at the first
diffracted grating 63 assumes a substantially focused state at the
reproduction-signal-detecting detecting portion 47 provided on the
photodetector element 41. This makes it possible to decrease the
light-receiving area of the 15 reproduction-signal-detecting detecting
portion 47, thereby allowing reproduction signals to be detected at a
higher speed. In examples, it was possible to set the light-receiving area
of the reproduction-signal-detecting detecting portion 47 to be
approximately 400 to 2500 ~,m2. FIG. 3 is an enlarged cross-sectional view
specifically illustrating 20 the first diffraction grating 63 in the
emitted beam dividing portion 61. In each diffraction grating in the first
diffraction grating 63, gratings 63A in a step-like form are provided
further. This configuration makes it possible to increase the diffraction
efficiency of the +1-order diffracted light beam 88 incident on the
reproduction-signal-detecting detecting portion 47 with 



25 priority to the diffraction efficiency of the -1-order diffracted light
beam 89. Therefore, the quantity of the signal light incident on the
reproduction-signal-detecting detecting portion 47 increases, thereby
allowing reproduction signals with an excellent S/N ratio to be obtained.
The step-like grating 63A can be formed by, for instance, carrying out 30
photolithography and etching a plurality of times. FIG. 4 is an enlarged
cross-sectional view specifically illustrating another configuration of the
first diffraction grating 64. Gratings 64A, each having a triangular cross
section, are provided as diffraction gratings composing the first
diffraction grating 64. It is possible to directly form 35 the triangular
gratings 64A with an electron beam (EB) whose intensity can be varied
stepwise, or alternatively, it is possible to form the same by exposing and
developing a photosensitive material and using the obtained   ~ 2 D E C
2002 9 photosensitive material as a die. This configuration also makes it
possible to increase the diffraction efficiency of the +1-order diffracted
light beam 88 incident on the reproduction-signal-detecting detecting
portion 47 with priority to the -1-order diffracted light beam 89, thereby
allowing 5 reproduction signals with an excellent S/N ratio to be obtained.
The first diffraction grating 63 may be composed of substantially
rectangular diffraction gratings. FIG. 5 is an enlarged plan view
specifically illustrating the detecting portions 43 and 45 and the
reproduction-signal-detecting I0 detecting portion 47 of the optical
element 41. The detecting portion 43 includes three detecting sections 433,
435, and 437 extending in an X direction. The detecting section 433 is
divided into three portions 433a, 433b, and 433c in a Y direction. The
detecting portion 45, like the detecting portion 43, includes the detecting
sections 453, 455, and 457. 15 The detecting section 453 is divided into
three portions 453a, 453b, and 453c in the Y direction. Focus error signals
are detected from a main beam 81 among the reflected light beams having
been guided to the detecting portions 43 and 45, while tracking error
signals are detected from sub beams 82 and 84 among the same. Spots formed
on the detecting 20 sections are shown schematically in FIG. 5. Here, let
signal quantities detected at the detecting sections 433a, 433b, 433c, 435,
437, 453a, 453b, 453c, 465, and 457 be expressed as S(433a), S(433b),
S(433c), S(436)) S(437), S(453a), S(453b), S(453c), S(456), and S(457),
respectively. 25 The focus servo is performed so that the spot on the
detecting portion for the main beam has substantially the same size, that
is, the following is satisfied: f S(433a)+S(433c)+S(453b)}-f
S(433b)+S(453a)+S(453c)} = 0 30 The tracking servo is performed so that the
sub beams have equal light quantities, that is, the following is satisfied:
{S(435)+S(455)}-fS(437)+S(457)}=0 35 



As described above, the 0-order diffracted light beam 87 from the reflected
beam dividing portion 71 is incident on the first diffraction   12 D E C
2002 i0 grating 63 of the emitted beam dividing portion 61) and the
+1-order diffracted light beam 88 obtained therefrom is incident in a
substantially focused state on the reproduction-signal-detecting detecting
portion 47. A spot formed by the +1-order diffracted light beam 88 on the 5
reproduction-signal-detecting detecting portion 47 is shown schematically
in FIG. 5. Since the +1-order diffracted light beam 88 is incident thereon
in the substantially focused state, the reproduction-signal-detecting
detecting portion 47 may have a reduced area for receiving light, as
compared with the other detecting sections 433, 435, and 437 for servo. 10
The reduction of the light-receiving area of the
reproduction-signal-detecting detecting portion 47 allows the capacitance
associated with the photodetector element to be remarkably reduced, thereby
ensuring high-speed response of the reproduction signals. Furthermore, this
leads to a decrease in stray light components incident on 15 the
reproduction-signal-detecting detecting portion 47, thereby allowing
reproduction signals with an excellent S/N ratio to be obtained. Second
Embodiment FIG. 6 is a plan view illustrating an emitted beam dividing
portion 62 according to the second embodiment. The present embodiment is an
20 example of another embodiment of the emitted beam dividing portion 61
used in the first embodiment. The emitted beam dividing portion 62 is
characterized in that a first diffraction grating 68 is composed of
gratings, each in a curved line form. The other parts of the configuration
are the same as those of the 25 emitted beam dividing portion 61, and the
same elements are designated with the same reference numerals. The
configuration with gratings in the curved line form is able to apply a
converging or diverging effect to light beams when being diffracted by the
first diffraction grating 68. Therefore, it is possible to change freely a
position of a focus of the reflected light 30 beam from the information
recording medium 3 by varying the curvature of the grating lines. This
makes it possible to make the reflected light beam from the information
recording medium 3 in a substantially focused state on the
reproduction-signal-detecting detecting portion 47, irrespective of the
distance between the surface of the photodetector element and the 35
emitted beam dividing portion 62. The same effect as that of the first
embodiment can be achieved by providing step-like gratings similar to those
in the first embodiment in   ~ 2 o~c 2ao~ each grating of the first
diffraction grating 68. Third Embodiment The third embodiment is an example
in which the emitted beam dividing portion 61 in the first embodiment is
modified so as to have still 5 another configuration. FIG. 7 is a plan view
illustrating an emitted beam dividing portion 62A according to the present
embodiment. FIG. 8 is an 



enlarged plan view specifically illustrating the photodetector element.
Elements other than a first diffraction grating 69 and detecting portions
48a, 48b, 48c, and 48d for detecting reproduction signals have the same 10
configurations as those of the first embodiment, and they are designated
with the same reference numerals. In the emitted beam dividing portion 62A
according to the present embodiment, the first diffraction grating 69 is
composed of a plurality of diffraction grating regions with grating
arrangement directions different 15 from each other. In the first
diffraction grating 69 shown in FIG. 7, four diffraction grating regions
69a, 69b, 69c, and 69d with the grating arrangement directions different
from each other are provided so as to equally divide a spot of a reflected
light beam from the information recording medium 3. 20 As shown in FIG. 8,
a plurality of the detecting portions 48a, 48b, 48c, and 48d are provided
to receive light beams diffracted by the diffraction grating regions 69a,
69b, 69c, and 69d. They are arranged so that light beams diffracted by the
diffraction grating regions 69a, 69b, 69c, and 69d substantially focus on
the detecting portions 48a, 48b, 48c, and 2b 48d for detecting reproduction
signals, respectively With this configuration, the reflected light beam of
the main beam 81 from the information recording medium 3 is diffracted by
the plurality of diffraction grating regions 69a, 69b, 69c, and 69d
composing the first diffraction grating 69, and is incident on the
detecting portions 48a) 48b, 30 48c, and 48d for detecting reproduction
signals, respectively. Thus, the use of signals detected by the plurality
of detecting portions 48a, 48b, 48c, and 48d corresponding to the
respective spots makes it possible to obtain a push-pull signal or a phase
difference signal. Therefore) this makes it possible to subject the
tracking error signal to an optimal method selected 35 from among the
three-beam method, the push-pull method, and the phase difference method
according to the type of the information recording medium 3 used.   12 D E
C 2002 12 Furthermore, as shown in FIG. 9, which is an enlarged plan view 5
10 specifically illustrating the photodetector element, the detecting
portions 48a, 48b, 48c, and 48d for detecting reproduction signals may be
arranged at equal distances from the emission point. This configuration
allows the first diffraction grating 69 to have the same grating periodic
interval at a11 the plurality of diffraction grating regions 69a, 69b, 69c,
and 69d composing the first diffraction grating 69. Therefore, when the
first diffraction grating is formed by etching or the like, variation in
manufacture, such as variation of depth of the gratings, is minimized.
Consequently, it is possible to manufacture the same with stable
properties. It should be noted that in the optical information processing
device 15 of FIG. 1, the objective lens 4 may be fixed in the optical
semiconductor device 1 so as to be actuated integrally. This by no means
leads to the impairment of optical characteristics, such as a decrease in
the signal quantity, that tends to occur when the objective lens is
actuated independently. Therefore, it is possible to obtain excellent
reproduction signals and focus/tracking error signals. The optical
semiconductor device according to the present invention 20 can be defined
in a broader sense. For instance, a so-called optical pickup 25 device in
which the optical semiconductor device 1, the objective lens 4, and a part
of the control mechanisms are modularized also is categorized as the
optical semiconductor device of the present invention. On the other hand,
in the case where the semiconductor element 11 is dealt with independently,
it is called a semiconductor laser device or a light-receiving device,
which also is categorized in a broad sense as the optical semiconductor
device of the present invention. Furthermore, although the above-described
embodiments show an 



30 example in which an area of the detecting portions for detecting
reproduction signals is reduced, this invention is also applicable to a
detecting portion that is required to perform high-speed processing for a
different reason. INDUSTRIAL APPLICABILITY With the present invention, it
is possible to reduce an area of a 35 reproduction-signal-detecting
photodetector element in an optical semiconductor device. This makes it
possible to provide an optical information processing device that is
capable of performing high-speed   12 DEC 20A2 13 reproduction and
obtaining reproduction signals with an excellent S/N ratio.   '~ ~ D E C
2002 CLAIMS 1. An optical semiconductor device comprising: a laser element
5 an emitted beam dividing portion for dividing an emitted light beam from
the laser element into a plurality of light beams a reflected beam dividing
portion for dividing a reflected light beam from an information recording
medium into light beams in different focused states 10
servo-signal-detecting photodetector elements for receiving the reflected
light beams obtained by the division by the reflected beam dividing portion
in a defocused state a first diffraction grating that is provided in the
emitted beam dividing portion and that diffracts the reflected light beam
having passed 15 through the reflected beam dividing portion and a
signal-detecting photodetector element for receiving reflected light beams
having been subjected to the diffraction by the first diffraction grating.
20 2. The optical semiconductor device according to claim 1, wherein the
reflected light beam from the information recording medium that is
diffracted by the first diffraction grating substantially focuses on a
surface of the signal-detecting photodetector element. 25 3. The optical
semiconductor device according to claim 1, wherein two 



diffracted light beams of the same order diffraction by the first
diffraction grating are subjected to the diffraction with different
diffraction efficiencies, and the diffracted light beam having the higher
diffraction efficiency.is received by the signal-detecting photodetector
element. 30 4. The optical semiconductor device according to claim 3,
wherein each grating in the first diffraction grating is of an inclined
type having a step-like cross-sectional shape or a triangular
cross-sectional shape. 35 5. The optical semiconductor device according to
claim 1 or 2, wherein the first diffraction grating is composed of
gratings) each of which is in a curved line form.   15 ~ 2 D E C 2002 6.
The optical semiconductor device according to claim 1 or 2, wherein the
first diffraction grating is composed of a plurality of diffraction grating
regions having the same diffraction efficiency. 5 7. The optical
semiconductor device according to claim 1 or 2, wherein the first
diffraction grating is composed of at least two diffraction grating regions
that differ from each other in a direction in which gratings are arranged.
10 8. The optical semiconductor device according to claim 1 or 2, wherein
the first diffraction grating is composed of diffraction grating regions
having the same grating periodic interval. 9. The optical semiconductor
device according to claim 1 or 2, wherein 15 the first diffraction grating
is composed of a plurality of diffraction grating regions that divide a
spot of the reflected light beam equally 10. (cancelled) 20 11. The optical
semiconductor device according to claim 1, wherein: when the emitted beam
dividing portion is positioned on an optical axis extending between an
emission point of the laser element and a main spot formed via an objective
lens on the information recording medium, the reflected light beam from the
foregoing information recording medium 25 entering a region satisfying a
formula shown below is divided so as to be collected on the
signal-detecting photodetector element:   16 r s dxtan(sin'1(NA)) where: 12
D E C 2002 d represents an air-equivalent distance from the emission point
of 5 the laser element to the emitted beam dividing portion 



NA represents a numerical aperture of the objective lens and r represents a
distance from a point at which the optical axis and the emitted beam
dividing portion cross each other on the emitted beam dividing portion. 10
12. An optical element comprising: a first optical element that is provided
on one surface of a transparent member and that includes first and second
diffraction gratings and 15 a second optical element that is provided on
the other surface of the transparent member and that divides a reflected
light beam into light beams in different focused states, wherein the first
and second diffraction gratings are juxtaposed in a first direction, and
gratings of the first diffraction grating are arranged in 20 a direction
different from the first direction. 13. The optical element according to
claim 12, wherein the first diffraction grating is of an inclined type
having a step-like cross-sectional shape or a triangular cross-sectional
shape. 25 14. The optical element according to claim 12, wherein the first
diffraction grating is composed of gratings each of which is in a curved
line form. 30 15. The optical element according to claim 12, wherein the
first diffraction grating is composed of at least two diffraction grating
regions that differ from each other in a direction in which gratings are
arranged. 16.(amended) An optical information processing device comprising:
35 a laser element an emitted beam dividing portion for dividing an emitted
light beam from the laser element into a plurality of light beams   ~ 2 D E
C 2002 17 an optical system for guiding the light beams obtained by the
division by the emitted beam dividing portion to an information recording
medium a reflected beam dividing portion for dividing a reflected light
beam 5 from the information recording medium into light beams in different
focused states servo-signal-detecting photodetector elements for receiving
the 



reflected light beams obtained by the division by the reflected beam
dividing portion in a defocused state 10 a first diffraction grating that
is provided in the emitted beam dividing portion and that diffracts the
reflected light beam having passed through the reflected beam dividing
portion and a signal-detecting photodetector element for receiving
reflected light beams having been subjected to the diffraction by the first
diffraction 15 grating. 17. The optical information processing device
according to claim 16, wherein the signal-detecting photodetector element
has a light-receiving area smaller than a light-receiving area of the
servo-signal-detecting 20 photodetector elements. 18. The optical
semiconductor device according to claim 1) wherein: a pair of the
servo-signal-detecting photodetector elements are arranged symmetrically
with respect to an optical axis and 25 the signal-detecting photodetector
element is arranged at a shorter distance from the optical axis than the
servo-signal-detecting photodetector elements and has a light-receiving
area smaller than a light-receiving area of the servo-signal-detecting
photodetector elements, wherein the pair of the servo-signal-detecting
photodetector 30 elements and the signal-detecting photodetector element
are integrated. 19. The optical semiconductor device according to claim 18,
wherein the signal-detecting photodetector element is positioned closer to
one of the servo-signal-detecting photodetector elements. 35 20. The
optical semiconductor device according to claim 18, wherein the   ~ 2 DEC
2D02 signal-detecting photodetector element is provided in substantially a
same plane as the emission point. 21. The optical semiconductor device
according to claim 18, wherein the 5 signal-detecting photodetector element
is divided into a plurality of detecting sections having substantially
equal areas. .A[.AF_.A. .AF.A,.A3.A.A.A.An .Al.Ar.A
59.A{.A[L.A.AR.A@H_3mpSCO]_l>}xsnid_Z]ca]ca]ca]ca]c(a]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]c(a]cRa]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c,a]c:a]c:a]c,a!+>E g
O!!!"X"""##0$%%~&&
'/'L']''+,/Z/|wqlgb]X]ca]ca]ca]ca]ca]c^a]ca]c(a]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c(aU]c(a]c(a]ca]ca]ca!Z/000004a488;%;
;;J<<>W>CCwDDDIILBMOOOOOOP|wrlgb]X]ca]ca]ca]c(aU]c(a]c(a]ca]ca]ca]ca]ca]c*a
]c*a]ca]ca]ca]ca]ca]ca]ca]ca]ca]c8a]ca]ca]ca]ca]ca]ca]c*aU]c*a]c*a]ca!PPP%Q
cTT;
UUUU1V4VVVVW^WlWoWX[[#\\]]``BaOaaaagbb|wrmgb]X]ca]ca]ca]c^a]ca]c8a]ca]ca]ca
]ca]ca]ca]ca]c^a]ca]ca]ca]c(a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!
bc8dggjjj/k1k4kmmnnoo/p2prPrSr8sQsssetqttttttu[u}xsnid_Z]]ca]ca]ca]c(a]ca]c
a]c(a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c&a]ca]ca
]ca]ca]ca![uuu/vrvvwww4x>yyzz{{/|2|A||}}<~~~}xsnid_Z]]ca]ca]c(a]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]c(a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca!
k33b579?BDGq`v{vqlgb]X]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c(aU]c(a]c(aU]c(
a]c(a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!Kf%G579?BDGq`v{vqlgb]
X]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c(aU]c(a]c(aU]c(a]c(a]ca]ca]ca]ca]ca]
ca]ca]ca]c&a]ca]ca]ca]ca]ca]ca]cak~_@ lm10% h&'()-3M10% h&'()-0S!10%
&'()-!nS!10%hh&'()-!9 10% h h&'()-,&10% h&'()-ZjmpS}^?3 10% &'()-f y10%
h&'()-310% h&'()-10% h&'()-!S`#10%ss&'()--!N#10% h h&'()--Sg CLMzX9. 



10 hs$<10% h&'()-!X`0y#10%xx&'()-!N0y#10%nhnh&'()- .s10%
h&'()-!S`!#10%ss&'()-`!S!#10%shsh&'()-`MNO]_`mK 10 hs$<10%!NL3"10%||&'()--
10%4|&'()-3`10%4|&'()-9s10%4|&'()-%F10%4|&'()-Z 10 h 10 h` lzX9K 10
h"g10%4|&'()-!I`Y,#10%}|}|&'()-@!SY,#10%&'()-@
s10%4|&'()-!N`L3"10%||&'()--!S%`L3"10%||&'()--!z[9+ 10!X7"10%&'()-
&6,10%4|&'()-
410%4|&'()-!X`y#g#10%||&'()-M!\`y#g#10%||&'()-M!\y#g#10%&'()-M>gE 10!X!al
y#10% 9 9&'()-  10% h&'()-F 10% h&'()-s10% h&'()-l% 10% &'()-l 10 10=N+wU6E
10 +10% h&'()-!f`l y#10%hh&'()- !\`l y#10%|h|h&'()- !\`l y#10%|L|L&'()-
!a`l y#10%pp&'()- !a`l y#10%&'()- +>}rg\=0%F10%4|&'()-F 10 h 10 h 10 h38
10% h&'()-f`&-"10% h&'()-!a`&-"10%hh&'()-!\&-"10%|C|C&'()- E g
a?g\=0!SS#10%&'()- l&10%4|&'()-310%4|&'()-`S& "10%4R&'()-!S& 



"10%||&'()-s10%4|&'()- O!!!"X""^?g\=0 10%4|&'()-!\S#10%||&'()-@
3S10%4|&'()-310%4|&'()-
F10%4|&'()-!X`S#10%||&'()-""###0$$}^<g\=0!a)#10%||&'()- &!10%4|&'()-g
$@10%4|&'()-!a`f @#10%||&'()-!f @#10%  &'()-310%4|&'()-$%%~&&''' 'aVK@0!
104| 104| 104| 8,10%4|&'()-fY7"10%4|&'()- 410%4|&'()-f
3Y10%4|&'()-!`)#10%4|4|&'()- '/'L']'')*a?VK@0!!f`@#10%&'()-!a @#10%hh&'()-
10% h&'()-3910% h&'()-F10% h&'()-%,10%
h&'()-*A*++,g-.}[9VK@0!a`',#10%hh&'()-!k',#10% h h&'()-FS#!10% h&'()-`@#10%
h&'()-!f`@#10%hh&'()-!`@#10%qq&'()-./Z//00000zl^P10&310%4|&'()-F 10 10
10!k`4y#10%&'()-!k4y#10%hh&'()- 3Z10%
h&'()-!a`',#10%&'()-001m34a44z[9^P10!k #10%44&'()-&
m10%4|&'()-!X`&f#10%--&'()-!S
`&f#10%&'()-!S&f#10%||&'()-s10%4|&'()-467881:;
zX6^P10!p`&0z#10%||&'()-!k&0z#10%||&'()- .M10%4|&'()-!k` #10%ee&'()-&!f`
#10%||&'()-&!p` #10%||&'()-&;;;;%;;;J<<xY:0!f10% h&'()-F  10% h&'()- &10%
h&'()-F& 10% h&'()-z%10% h&'()-G 10|| 10|| 10||<=>W>>@AzX6xY:0!`,#10% h
h&'()-!k`,#10%&'()-!k,#10%,,&'()- FS10% h&'()-!S` S#10%shsh&'()--!S
S#10%ssss&'()--ACCCtDuDvDwDzl^P:0!`,#10% h h 10ii 



10ii 10ii!fY7,#10%ii&'()- l410%
h&'()-!k`,#10%hh&'()-!a`,#10%&'()-wDDDE)G}HIzX6P:0!S`9f#10%||&'()-!N`9f#10%
&'()-!N`9f#10%||&'()-!I9f#10%}|}|&'()-&s10%4|&'()-!%10%||&'()-ZII`KLLBM$N}^
<P:0!S!a3#10%||&'()--
110%4|&'()-`!#10%4&'()-`!p`!#10%||&'()-`!k!#10%||&'()-` f
10%4|&'()-$NOOOOOOO@PuV40!@"10%""&'()-'!10%G&'()-ys10%G&'()-%10%G&'()-Z
10$$ 10$$
10$$!f`3#10%$$&'()--@PPPP%QhQRa?uV40!@!S`@#10%&'()-!X@#10%XX&'()-l
F10%G&'()- 10%G&'()-l Y Z10%G&'()-`@"10%G&'()-R4TcTT;
UUUUa?uV40!@!a(!10%&'()- L' 10%G&'()-  $ 10%Gw&'()-fl
#10%G&'()-`@#10%G&'()-!N`@#10%&'()-U1V4VVVVWdEuV40!@!al
8m10%G&'()-Y710%G&'()-l 5`10%G&'()- l1 10%G&'()-z&010%G&'()-l
.10%G&'()-W[W\W]W^WlWoWXYb@0!@!!X$@#10%xhxh&'()-`F 10% h&'()-y10% h&'()-@&
10% h&'()-l 10G 10G 10G :10%G&'()-Y@[[[#\\]{Y:b@0! $10% h&'()-!pS "10% h
h&'()- -10% h&'()-
a`@#10%l&'()-`!X`@#10%xx&'()-`!X`@#10%x\x\&'()-`]]_```?a@a}^?4@0 10 h3 :
10% h&'()- 8-10% h&'()-`(#10%
&'()-M!\`(#10%|h|h&'()-M!\(#10%|h|h&'()-MF&m10% h&'()-z@aAaBaOaaabgbjK@0 10
h3 `f m"10% h&'()-y!f 



m"10%II&'()-y & 10% h&'()-3910% h&'()-g%l10% h&'()- 10 h 10
hgbbcc8dde}[9K@0 10!\`"10%||&'()-9!a"10%\\&'()-9 F10%
h&'()-!I`!10%ihih&'()-!N!10%nhnh&'()-F 10% h&'()-eigggh>jjj}[9+@
10\\!a`+#10%\\&'()-:!S`+#10%ss&'()-:!a+#10%hh&'()-: `*10% h&'()-`"10%
&'()-9!\`"10%|h|h&'()-9jjjjj/k1k4kgH@ 10\\!a`+#110%G&'()-,Lt10%G&'()-
910%G&'()- y&10%G&'()-&10%G&'()-Z 10\\ 10\\4kmmnnoodEH@ 10\\!a`l y
10%G&'()-10%G&'()--10%G&'()- Y@10%G&'()-10%G&'()- 10%G&'()-o/p2prPrSr8sdEH@
10\\!a`.10%G&'()-`010%G&'()- `-10%G&'()-f#t!10%G&'()-,)10%G&'()-!#10%G&'()-
8sQsssbtctdtetqtxmbC0\\!a`f&10%(&'()-Y 10G 10G 10Gl710%G&'()-710%G&'()-l
610%G&'()-4@10%G&'()-qtttttttttu~_=0\\!!`10%&'()-@10%Z&'()-! f10%00&'()-
10( 10( 



10( 10%(&'()-@y10%(&'()-u[uuu/vrvvdE~_=0\\!!`10%Z&'()-f3:!10%Z&'()-
Y10%Z&'()-@l 10%Z&'()-Y @10%Z&'()-
10%Z&'()-vwww4x>yy^?~_=0\\!!(#10%Z&'()-!f!#10%&'()-@f 10%Z&'()-fl
10%Z&'()-!S"10%ZZ&'()-gl :10%Z&'()-yzz{{,|-|.|/|dYNC0\\!! 10Z 10Z
10Z810%Z&'()-@37@#10%Z&'()-1-
10%Z&'()-&010%Z&'()-L*t!10%Z&'()-T/|2|A||}}<~aBYNC0\\!!y#10% U&'()-!*y3
"10%UU&'()-SFF 10% U&'()-F 10% U&'()-S&10% U&'()-Y10%
U&'()-<~~~#^<YNC0\\!!X`"#10%eUeU&'()-!`"#10%&&&'()-Y'10%
U&'()-!6"10%CUCU&'()-fFS 10% U&'()-F10% U&'()-guV70\\%10%4|&'()-m
10%4|&'()- 10%4|&'()-10%4|&'()- 10ii 10ii 10ii!\`"#10%ii&'()-.k
}^?uV70\\Y10%4|&'()-3F10%4|&'()-!``@!10%'|'|&'()-T!X`@!10%&'()-T@!10%4:&'()
-T l 10%4|&'()- -k3a?uV70\\!k@ z#10%4|4|&'()-@
10%4|&'()-310%4|&'()-fy@#10%4|&'()-!i`310%4|4|&'()-@310%4&'()-@33baBuV70\\!
F510%4|&'()-!S0 "10%||&'()-3+ 10%4|&'()--F9*f10%4|&'()-(10%4|&'()-3$
10%4|&'()-2345DGbC0\\!10% h&'()-0%10% h&'()- 



104| 104| 104|3:-10%4|&'()- 8M10%4|&'()-3710%4|&'()-Gq}^?bC0\\3310% h&'()-f
s10% h&'()-! S10%hh&'()-S Y 10% h&'()-310% h&'()-!dF@ 10%
&'()-z`vKa?bC0\\!k "10%hh&'()-Y@310% h&'()-!S"10% h h&'()-f y10% h&'()-3
10% h&'()-g 10% h&'()-Kf%;x}[<bC0\\`(f#10%
&'()-!`(f#10%&'()-!k(f#10%hh&'()-`F`$ 10% &'()-!nF`$ 10%hh&'()-` "10%
&'()-GbC0\\ 10%&'()-fS&10%&'()-m 10 h 10 h 10 hFy8!10% h&'()-3710%
h&'()-F2!10% h&'()-GGbC0\\ 10%&'()-fS&10%&'()-m 10 h 10 h 10 hFy8!10% h&'()
Y 10%&'()- !@l #10%&'()-z Normal" "Heading 13]c" "Heading 23]c" "Heading
33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading
83]c" "Heading 93]c"A "Default Paragraph
FontN$-8vAL]TA^gdqq.y~4Z/Pb[u[\]^_`abSM`+ "$ '*.04;
<AwDI$N@PRUWY]@agbej4ko8sqtuvy/|<~ 3GKGcdefghijklmnopqrstuvwxyz{|}~6Times
New RomanArialCourier New"h Root EntryWordDocument4
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


