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DESCRIPTION
Integrated Optical Element, Optical Pickup, and Optical Disc Device
Technical Field
This invention relates to an integrated optical element used for an 6ptica1 pickup
for recording and/or reproduction of signals by irradiating with a light beam a signal
recording surface of an optical type disc (hereinafter referred to as optical disc) such
as a mini disc (MD), a magneto-optical disc (MO), a compact disc (CD) or a CD-
ROM, an optical pickup using this integrated optical element, and an optical disc
device having this optical pickup.
Background Art
Conventionally, an optical pickup constituted, for example, as shown in Fig.1
is proposed as an optical pickup for an optical disc. The optical pickup 1 shown in
Fig.1 has a semiconductor laser element 2 as a light source, an optical member 3 made
of a transparent material such as glass or plastics, an objective lens 4 for converging
a light, and a photodetector 5 for receiving a light and converting the light to an
electric signal. |
Of these elements constituting the optical pickup 1, the light-emitting element
2, the optical member 3 and the photodetector 5 are integrated as an integrated
element, which is provided in the state of being fixed to a base, not shown. The
objective lens 4 is provided on the base via a biaxial actuator, not shown. As the

biaxial actuator is driven, the objective lens 4 is minutely moved in biaxial directions,
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that is, in the direction of radius of an optical disc D and in the direction toward and
away from the optical disc D. |

In this optical pickup, as the base is fed in the direction of radius of the optical
disc D by the driving of a thread feed motor, not shown, a desired recording track on
the optical disc can be accessed.

In this optical pickup 1, the optical member 3 has two surfaces in parallel to
each other. These two surfaces are arranged to be substantially perpendicular to the
optical axis of the light beam from the semiconductor laser element 2. On a first
surface (lower-center side in Fig.1) of the optical member 3 on the side of the
semiconductor laser element 2, a grating 3a for diffracting a light 1b.eam directed
toward the optical disc D into the direction corresponding to the direction along the
recording track on the optical disc D and for splitting the light beam into'.a plurality of
beams including at least a main beam and two side beams is formed on the optical axis
of the light beam from the semiconductor laser element 2.

. Also, on a second surface (upper-center surface in Fig. 1) of the optical member

3 on the side of the optical disc D, a hologram 3b for diffracting a return light beam

reflected ﬁom the signal recording surface of the optical disc D and for guiding the

return light beam to the photodetector 5 1s formed on the optical axis of the light beam
from the semiconductor laser element 2.

The hologram 3b functions as optical path branching means for branching the

optical path of the return light beam directed toward the photodetector 5 from the
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optical path of the light beam directed toward the optical disc D, by diffracting the
return light beam from the optical disc D incident on the second surface of the optical
~member 3 and thus directing the return light beam toward the photodetector 5.

The hologram 3b has two hologram areas 3b-1 and 3b-2 for diffracting the
incident return ligﬁt beam by different diffraction angles, respectively, as shown in
Fig.1. The boundary between these hologram areas 3b-1 and 3b-2 is formed on the
second surface of the optical member 3 so as to be substantially coincident with the
direction corresponding to the direction of radius of the optical disc D. The return
light beam from the optical disc D becomes incident on the hologram 3b with its center
located on the boundary between the two hologram areas 3b-1 and 3b-2, and is
bisected along the boundary. The bisected portions are diffracted by different
diffraction angles, respectively.

That is, the hologram 3b also functions as return light beam splitting means for
bisecting the incident return light beam along a splitting line in the direction
corresponding to the direction of radius of the optical disc D.

The photodetector 5 has a center light-receiving section 5a for receiving areturn
light of the main beam, from among the plurality of beams generated by the grating 3a,
and light-receiving sections e and f for receiving return lights of the side beams,
provided on both sides of the center light-receiving section 5a, specifically, on both
sides of the direction corresponding to the direction along the recording track on the

~ optical disc D, as shown in Fig.1. The center light-receiving section 5a further has
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four light-receiving sections a, b, ¢ and d which are divided by a division line d1 in the
direction corresponding to the direction of radius of the optical disc D and a division
line d2 in the direction along the recording track on the optical disc D.

The division line d1 on the center light-receiving section Sa extends in the
direction corresponding to the direction of radius of the optical disc D along the
.direction of diffraction of the hologram 3b in order to prevent generation of any
. deviation of the focusing error signal level of a light spot in a focused state due to a
change in the oscillation wavelength of the semiconductor laser element 2 or due to
a change in the refractive index of the optical member 3 by a temperature change.

In this optical pickup 1, the light beam emitted from the semiconductor laser
element 2 becomes incident on the optical member 3 from its first surface, then is split
into a plurality of beams by the grating 3a, and then passes through the optical member
3. The optical beam which has passed through the optical member 3 is converged by
the objective lens 4 and is cast as a fine light spot onto the signal recording surface of
the optical disc D. In this case, three light spots are formed on the signal recording
surface of the optical disc D by the main beam and two side beams generated by the
grating 3a. In Fig.1, only the main beam is shown.

The light beams cast on the signal recording surface of the optical disc D
reflected by the signal recording surface of the optical disc D so as to be return light
beams. The return light beams pass again through the objective lens 4 and become

incident on the optical member 3 from its second surface. The return light beams
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incident on the optical member 3 are diffracted by the hologram 3b formed on the

second surface of the optical member 3. Specifically, the return light beams become
| mcident on the hologram 3b with their centers located on the boundary between the
two hologram areas 3b-1 and 3b-2, and the portions incident on the individual
hdlogram areas 3b-1 and 3b-2 are diffracted by different diffraction angles,
respectively. The return light beams diffracted by the hologram areas 3b-1 and 3b-2
of the hologram 3b pass through the optical member 3 so as to be directed toward the
photodetector.

Of the return light beams directed toward the photodetector 5, the return light
beam which is a return light of the main beam and is diffracted by the one hologram
area 3b-1 of the hologram 3b becomes incident on the two light receiving sections a-
and b of the center light-receiving section 5a of the photodetector 5. Of the return
light beams directed toward the photodetector 5, the return light beam which is a
return light of the main beam and is diffracted by the other hologram area 3b-2 of the
hologram 3b becomes incident on the remaining two light receiving sections ¢ and d
of the center light-receiving section 5a of the photodetector 5. Of the return light
beams directed toward the photodetector 5, the return light beams of £he side beams
become incident on the light-receiving sections e and f of the photodetector 5.

The photodetector 5 converts the lights incident on the light-receiving sections
a, b, ¢, d, e and f to electric signals, and supplies the resultant signals to a signal

processing circuit, not shown. The detection signals from the photodetector 5 are
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amplified by head amplifiets in the signal processing circuit so as to be output signals
Sa, Sb, Sc, Sd, Se and Sf, and predetermined arithmetic processing is performed
thereon by an arithmetic circuit. Thus, a reproduction signal RF0 is generated. Also,
a focusing error signal FEQ is generated by a so-called Foucault method and a tracking
error signal TRO is generated by a three-beam method.

The reproduction signal RF0 is calculated, for example, by the arithmetic circuit
carrying out arithmetic processing with the following equation (1).

RF0 = (Sa+Sb) + (Sc+Sd) (1)
The focusing error signal FEQ is calculated, for example, by the arithmetic

circuit carrying out arithmetic processing with the following equation (2), (3) or (4).

FEO = Sa-Sb )
FEO = Sc-Sd . (®
FEO = (Sa+Sd) - (Sc+Sb) o (®

The tracking error signal TRO is calculated, for example, by the arithmetic
circuit carrying out arithmetic processing with the following equation (5).
TRO = Se-Sf .. (5)
On the basis of the focusing error signal FEO thus generated, the optical pickﬁp
1 carries out focusing servo for driving the biaxial actuator to minutely move the
objective lens 4 in the direction toward and away from the optical disc D and thus
controls the focal point of the light beam converged by the objective lens 4 so as to be

constantly located on the signal recording surface of the optical disc D.
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In addition, on the basis of the tracking error signal TRO generated in the above-
described manner, the optical pickup 1 carries out tracking servo for driving the biaxial
actuator to minutely move the objective lens 4 in the direction of radius of the optical
disc D and thus causes the spot of the light beam converged by the objective lens 4 to
follow the recording track on the optical disc D.

By thus camrying out focusing servo and tracking servo while
recording/reproducing signals to/from the optical disc D, the optical pickup 1 can carry
out appropriate signal recording/reproduction even in the case where the optical disc
D i1s fluctuated or tilted.

Meanwhile, in the case where signal recording/reproduction is to be carried out
with the optical disc D in the optical pickup 1, the base must be first fed in the
direction of radius of the optical disc to access a predetermined recording track, as
described above, in the state where tracking servo is off.

The objective lens 4 is provided movably on the base via the biaxial actuator as
described above. Therefore, when the base is fed in the direction of radius of the
optical disc D or when the feed operation is stopped, the position of the objective lens
with respect to the base is deviated in the direction of radius of the optical disc D (to
the mner side or outer side of the optical disc D) from the normal position because of
inertia, as shown in Fig.2.

The deviation of the objective lens 4 from the normal position is eliminated with

the lapse of a predetermined time period. However, during this time period for
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recovering the position of the objective lens 4, recording/reproduction of signals
to/from the optical- disc cannot be carried out. This is one element that substantially
. disturbs the high-speed access property of the optical pickup 1.

To realize the high-speed property of such optical pickup 1, the position of the
objective lens 4 may be instantaneously recovered by detecting the deviation of the
objective lens 4 from the normal position, then feeding the detected deviation back to
the biaxial actuator, and controlling the driving of the biaxial actuator to eliminate the
deviation of the objective lens 4. |

To detect the deviation of the objective lens 4 from the normal position, there
is considered, for example, a technique of attaching a position sensor to the objective
lens 4 so as to detect the actual position of the objective lens 4 by the position sensor
and thus detecting the position deviation of the objective lens 4 from the actual
position of the objective lens 4 and the quantity of feeding of the base.

However, this technique requires the position sensor for detecting the position
of the objective lens 4 to be separately provided in the optical pickup 1, and therefore
causes problems such as the increase in the number of components, increase in size
of the optical pickup 1 and rise in cost.

Disclosure of the Invention

In view of the foregoing status of the art, it is an object of the present invention

to provide an optical pickup which realizes the high-speed access property by

appropriately and simply detecting the position deviation of the objective lens as the
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light beam converging means ét the time of access without adding any new component,
an integrated optical element used therefor, and an optical disc device having this.
optical pickup.

An integrated optical element according to the present invention, used for an
optical pickup for carrying out recording and/or reproduction of signals by irradiating
a signal recording surface of an optical disc with a light beam, includes: a light source
for emitting the light beam; a photodetector having a light-receiving section for
receiving a return light beam reflected by the signal recording surface of the optical
disc; a package member for housing the light source and the photodetector therein; an
optical member arranged on the package member for transmitting the light beam
emitted from the light source and for transmitting the return light beam directed
toward the photodetector; and optical path branching means integrally formed with the
optical member for separating the optical path of the light beam emitted from the light
source and the optical path of the return light beam directed toward the photodetector.

In this integrated optical element, the optical path branching means has at least
two diffraction areas for diffracting the return light beam reflected by the signal
recording surface of the optical disc, into different directions, respectively, and the
boundary between the diffraction areas is inclined at a predetermined angle with -
respect to the direction corresponding to the direction of radius of the optical disc. At
least one light-receiving section of the photodetector is divided into a portion for

receiving a return light beam diffracted by one diffraction area of the optical path
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branching means and a portion for receiving a return light beam diffracted by the other
diffraction area.

In the integrated optical element according to the present invention, the light
source is housed inside the package member and emits the light beam for irradiating
the signal recording surface of the optical disc. The light beam emitted from the light
source is transmitted through the optical member provided on the package member.
Then, the light beam transmitted through the optical member is converged by Light
beam converging means of the optical pickup and then cast onto the signal recording
surface of the optical disc.

The light beam cast on the signal recording surface of the optical disc is
reflected by the signal recording surface of the optical disc and thus becomes a return -
light beam including a signal component. The return light beam passes again through
the light beam converging means and then becomes incident on the optical member.

The return light beam incident on the optical member has its optical path
separated from the optical path of the light beam emitted from the light source, by the
optical path branching means formed integrally with the optical member. Specifically,
the optical path branching means includes, for example, a hologram formed on the
surface of the optical member. As the return light beam is diffracted by the hologram
into the direction toward the photodetector, the optical path of the return light beam
is separated from the optical path of the light beam emitted from the light source.

Since the optical path branching means has at least two diffraction areas for
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diffracting the return light beam in different directions, the return light beams incident
on the respective diffraction areas of the optical path branching means are diffracted
into different directions by the diffraction areas of the optical path branching means,
then transmitted through the optical member, and directed toward the photodetector
housed in the package member.

Since at least one light receiving section of the photodetector is divided into the
portion for receiving the return light beam diffracted by one diffraction area of the
optical path branching means and the portion for receiving the return light beam
diffracted by the other diffraction area, the return light beams diffracted into different
directions by the respective diffraction areas of the optical path branching means are
received by the corresponding portions of the light-receiving section of the
photodetector.

Thus, on the basis of the detection signal from the light-receiving section of the
photodetector, a reproduction signal is generated and a focusing error signal is
generated by a so-called Foucault method. |

Meanwhile, in the case where the position of the light beam converging means
with respect to the integrated optical element is deviated in the direction of radius of
the optical disc from the normal position at the time of access to a desired recording
track on the optical disc, the spot of the return light beam incident on the optical
member is deviated in the direction corresponding to the direction of radius of the

optical disc, on the optical path branching means.
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In the integrated optical element according to the present invention, the optical
path branching means has at least two diffraction areas for diffracting the return Light
beam into different directions, and the boundary between these diffraction areas is
inclined at a predetermined angle with respect to the direction corresponding to the
direction of radius of the optical disc. Therefore, in the case ‘where the position of the
light beam converging means is deviated in the direction of radius of the optical disc
from the normal position, the return light beam is split asymmetrically by the optical
path branching means. The individual parts of the return light beam generated by
asymmetrical splitting by the optical path branching means are received by the
corresponding portions of the light-receiving section of the photodetector. Therefore,
the position deviation of the light beam converging means with respect to the
integrated optical element can be detected on the basis of the detection signal from the
light-receiving section of the photodetector.

According to the integrated optical element of the present invention, since the
position deviation of the light beam converging means with respect to the integrated
optical element at the time of access to a desired recording track on the optical disc
can be detected in the above-described manner, the optical pickup using this integrated
optical element can realize the high-speed access property.

Also, in this integrated optical element, the optical path branching means for
separating the opticﬂ path of the return light beam directed toward the photodetector

from the optical path of the light beam emitted from the light source and for generating
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a focusing error signal by the Foucault method is used for detecting the position
deviation of the light beam converging means with respect to the integrated optical
element, instead of additionally providing any means for detecting the position
deviation of the light beam converging means. Therefore, the optical pickup using this
integrated optical element can realize the high-speed access property by appropriately
and simply detecting the position deviation of the light beam converging means,
without causing the increase in the number of components, the incrgase in the size of
the device itself and the rise in cost.

In the integrated optical element according to the present invention, it is desired
that light beam splitting means for diffracting the light beam directed toward the
optical disc and for splitting the light beam into a plurality of beams including a main
beam and two side beams is formed integrally with the optical member.

As the light beam splitting means for diffracting and splitting the light beam
directed toward the optical disc into a plurality of beams is provided, as described
above, the integrated optical element according to the present invention forms spots
of the main beam and two side beams onto the signal recording surface of the optical
disc and detects the return light beams thereof. Thus, a tracking error signal can be
generated by a so-called three-beam method.

Moreover, as the light beam splitting means is formed integrally with the optical
member, as described above, the integrated optical element according to the present

invention can realize miniaturization of the integrated optical element itself and
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miniaturization of the optical pickup using this integrated optical element.

Also, in the integrated optical element according to the present invention, it is
desired that at least one light-receiving section of the photodetector is divided by
division lines substantially parallel to the boundary of the diffraction areas of the
optical path branching means.

As at least one light-receiving section of the photodetector is divided by the
division lines substantially parailel to the boundary of the diffraction areas of the
optical path branching means, as described above, the integrated optical element
according to the present invention can effectively restrain generation of any deviation
of the signal level of the focusing error signal due to a position change of the return
light spot and detect an appropriate focusing error signal even in the case where the
position of the return light spot of the light beam in a focused state on the
photodetector is somewhat changed by a change in the oscillation wavelength of the
light source or by a change in the refractive index of the optical member due to a
temperature change.

Another integrated optical element according to the present invention, used for
an optical pickup for carrying out recording and/or reproduction of signals by
irradiating a signal recording surface of an optical disc with a light beam, includes: a
light source for emitting the light beam; a photodetector having a light-receiving
section for receiving a return light beam reflected by the signal recording surface of

the optical disc; a package member for housing the light source and the photodetector
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therein; an optical member arranged on the package member for transmitting the light
beam emitted from the light source and for transmitting the return light beam directed
toward the photodetector; optical path branching means integrally formed with the
optical member for separating the optical path of the light beam emitted from the light
source and the optical path of the return light beam reflected by the signal recording
surface of the optical disc; and return light beam splitting means integrally formed with
the optical member for splitting the return light beam passed through the optical path
branching means into at least two beams.

In this integrated optical element, the return light beam splitting means has at
least two surfaces having different normal vectors, and the boundary between these
surfaces is inclined at a predetermined angle with respect to a direction corresponding
to the direction of radius of the optical disc. Atleast one light-receiving sectiqn ofthe
photodetector is divided into a portion for receiving one return light beam generated
by the return light beam splitting means and a portion for receiving the other return
light beam.

In this another integrated optical element according to the present invention, the
light source is housed inside the package member and emits the light beam for
irradiating the signal recording surface of the optical disc. The light beam emitted
from the light source is transmitted through the optical member provided on the
package member. Then, the light beam transmitted through the optical member is

converged by light beam converging means of the optical pickup and then cast onto
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the signal recording surface of the optical disc.

The light beam cast on the signal recording surface of the optical disc is
reflected by the signal recording surface of the optical disc and thus becomes a return
light beam including a signal component. The return light beam passes again through
the light beam converging means and then becomes incident on the optical member.

The return light beam incident on the optical member has its optical path
separated from the optical path of the light beam emitted from the light source, by the
optical path branching means formed integrally with the optical member. Specifically,
the optical path branching means includes, for example, a hologram formed on the
surface of the optical member. As the return light beam is diffracted by the hologram
into the direction toward the photodetector, the optical path of the return light beam
is separated from the optical path of the light beam emitted from the light source.

The return light beam having its optical path branched by the optical path
branching means is then split into at least two beams by the return light beam splitting
means integrally formed with the optical member.

Since the return light beam splitting means has at least two surfaces having
different normal vectors, the return light beam incident on the return light beam
splitting means is split along the boundary between the surfaces. The beams generated
by splitting proceed in different directions in accordance with the normal vectors of
the surfaces on which they are incident, and are directed toward the photodetector

housed in the package member.
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Since at least one light receiving section of the photodetector is divided into the
portion for receiving one return light beam generated by the return light beam splitting
means and the portion for receiving the other return light beam, the return light beams
generated by the return light beam splitting means are received by the corresponding
portions of the light-receiving section of the photodetector.

Thus, on the basis of the detection signal from the light-receiving section of the
photodetector, a reproduction signal is generated and a focusing error signal is
generated by a so-called Foucault method.

Meanwhile, in the case where the position of the light beam converging means
with respect to the integrated optical element is deviated in the direction of radius of
the optical disc from the normal position at the time of access to a desired recording
track on the optical disc, the spot of the return light beam incident on the optical
member is deviated in the direction corresponding to the direction of radius of the
optical disc, on the optical path branching means.

In this another integrated optical element according to the present invention, the
return light beam splitting means has at least two surfaces of different normal vectors
and the boundary between these surfaces is inclined at a predetermined angle with
respect to the direction corresponding to the direction of radius of the optical disc.
Therefore, in the case where the position of the light beam converging means is
deviated in the direction of radius of the optical disc from the normal position, the

return light beam is split asymmetrically by the return light beam splitting means. The
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individual parts of the return light beam generated by asymmetrical splitting by the
return light beam splitting means are received by the corresponding portions of the
light-receiving section of the photodetector. Therefore, the position deviation of the
light beam converging méans with respect to the integrated optical element can be
detected on the basis of the detection signal from the light-receiving section of the
photodetector.

According to this aﬁother integrated optical element of the present invention,
since the position deviation of the light beam converging means with respect to the
integrated optical element at the time of access to a desired recording track on the
optical disc can be detected in the above-described manner, the optical pickup using
this integrated optical element can realize the high-speed access property.

Also, in this another integrated optical element, the return light beam splitting
means for generating a focusing error signal by the Foucault method is used for
detecting the position deviation of the light beam converging means with respect to the
integrated optical element, instead of additionally providing any means for detecting
the position deviation of the light beam converging means. Therefore, the optical
pickup using this integrated optical element can realize the high-speed access property
by appropriately and simply detecting the position deviation of the light beam
converging means, without causing the increase in the number of components, the
increase in the size of the device itself and the rise in cost.

In this another integrated optical element according to the present invention, it
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is desired that light beam splitting means for diffracting the light beam directed toward
the optical disc and for splitting the light beam into a plurality of beams including a
main beam and two side beams is formed integrally with the optical member.

As the light beam splitting means for diffracting and splitting the light beam
directed toward the optical disc into a plurality of beams is provided, as described
above, this another integrated optical element according to the present invention forms
spots of the main beam and two side beams onto the signal recording surface of the
optical disc and detects the return light beams thereof. Thus, a tracking error signal
can be generated by a so-called three-beam method.

Moreover, as the light beam splitting means is formed integrally with the optical
member, as described above, this another integrated optical element according to the
present invention can realize miniaturization of the integrated optical element itself
and miniaturization of the optical pickup using this integrated optical element.
| Also, in this another integrated optical element according to the present
invention, it is desired that at least one light-receiving section of the photodetector is
divided by division lines substantially parallel to the boundary of the return light beam
splitting means.

As at least one light-receiving section of the photodetector is divided by the
division lines substantially parallel to the boundary of the diffraction areas of the
optical path branching means, as described above, the integrated optical element

according to the present invention can effectively restrain generation of any deviation
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of the signal level of the focusing error signal due to a position change of the return
light spot and detect an appropriate focusing error signal even in the case where the
position of the return light spot of the light beam m a focused state on the
photodetector is someéwhat changed by a change in the oscillation wavelength of the
light source or by a change in the refractive index of the optical member due to a
temperature change.

An optical pickup according to the present imvention for carrying out recording
and/or reproduction of signals by irradiating a signal recording surface of an optical
- disc with a light beam includes: a light source for emitting the light beam; light beam
converging means for converging the light beam emitted from the light source and for
irradiating the signal recording surface of the optical disc with the converged light
beam; a photodetector having a light-receiving section for receiving a return light beam
reflected by the signal recording surface of the optical disc; an optical member
arranged between the light source and photodetector on one side and the light beam
converging means on the other side, for transmitting the light beam emitted from the
light source and for transmitting the return light beam directed toward the
photodetector; optical path branching means integraily formed with the optical
member for separating the optical path of the light beam emitted from the light source
and the optical path of the return light beam directed toward the photodetector; and a
biaxial actuator for moving the light beam converging means into biaxial directions,

that is, the direction of radius of the optical disc and the direction toward and away
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from the optical disc.

In this optical pickup, the optical path branching means has at least two
diffraction areas for diffracting the return light beam reflected by the signal recording
surface of the optical disc, into different directions, respectively, and the boundary
between the diffraction areas is inclined at a predetermined angle with respect to the
direction corresponding to the direction of radius of the optical disc. At least one
light-receiving section of the photodetector is divided into a portion for receiving a
return light beam diffracted by one diffraction areé of the optical path branching
means and a portion for receiving a return light beam diffracted by the other
diffraction area.

In the optical pickup according to the present invention, the light beam emitted
from the light source is transmitted through the optical member and directed toward
the light beam converging means. The light beam is then converged by light beam
converging means and then cast onto the signal recording surface of the optical disc.

In the case where the spot of the light beam cast on the signal recording surface
of the optical disc is deviated from a predetermined recording track on the signal
recording surface of the optical disc, or in the case where no focal point is formed on
the signal recording surface of the optical disc, the biaxial actuator is driven on the
basis of a tracking error signal or a focusing error signal, and the light beam
converging means is moved by the biaxial actuator into the direction of radius of the

optical disc or into the direction toward and away from the optical disc. Thus, the spot
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of the light beam converged by the light beam converging means and cast onto the
signal recording surface of the optical disc constantly follows a predetermined
recording track on the signal recording surface of the optical disc and forms a focal
point on the signal recording surface of the optical disc.

The light beam cast on the signal recording surface of the optical disc is
reflected by the signal recording surface of the optical disc and thus becomes a return
light beam including a signal component. The return light beam passes again through
the light beam converging means and then becomes.incident on the optical member.

The return light beam incident on the optical member has its optical path
separated from the optical path of the light beam emitted from the light source, by the
optical path branching means formed integrally with the optical member. Specifically,
the optical path branching means includes, for example, a hologram formed on the
surface of the optical member. As the return light beam is diffracted by the hologram
into the direction toward the photodetector, the optical path of the return light beam
is separated from the optical path of the light beam emitted from the light source.

Since the optical path branching means has at least two diffraction areas for
diffracting the return light beam in different directions, the return light beams incident
on the respective diffraction areas of the optical path branching means are diffracted
into different directions by the diffraction areas of the optical path branching means,
then transmitted through the optical member, and directed toward the photodetector.

Since at least one light receiving section of the photodetector is divided into the
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portion for receiving the return light beam diffracted by one diffraction area of the
optical path branching means and the portion for receiving the return light beam
diffracted by the other diffraction area, the return light beams diffracted into different
directions by the respective diffraction areas of the optical path branching means are
received by the corresponding portions of the light-receiving section of the
photodetector.

Thus, on the basis of the detection signal from the light-receiving section of the
photodetector, a reproduction signal is generated and a focusing error signal is
generated by a so-called Foucault method.

Meanwhile, in the case where the position of the light beam converging means
with respect to the optical member is deviated in the direction of radius of the optical
disc from the normal position at the time of access to a desired recording track on the
optical disc, the spot of the return light beam incident on the optical member is
deviated in the direction corresponding to the direction of radius of the optical disc,
on the optical path branching means.

In the optical pickup according to the present invention, the optical path
branching means has at least two diffraction areas for diffracting the return light beam
into different directions, and the boundary between tﬁese diffraction areas is inclined
at a predetermined angle with respect to the direction corresponding to the direction
of radius of the optical disc. Therefore, in the case where the position of the light

beam converging means is deviated in the direction of radius of the optical disc from
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the normal position, the return light beam is split asymmetrically by the optical path
branching means. The individual parts of the return light beam generated by
asymmetrical splitting by the optical path branching means are received by the
corresponding portions of the light-receiving section of the photodetector. Therefore,
the position deviation of the light beam converging means with respect to the optical
member can be detected on the basis of the detection signal from the light-receiving
section of the photodetector.

According to the optical pickup of the present invention, since the position
deviation of the light beam converging means with respect to the optical member at the
time of access to a desired recording track on the optical disc can be detected in the
above-described manner, the position of the light beam converging means can be
instantaneously recovered to secure the accuracy and stability of the access operation
and to realize the high-speed access property.

Also, in this optical pickup according to the present invention, the optical path
branching means for separating the optical path of the return light beam directed
toward the photodetector from the optical path of the light beam emitted from the light
source and for generating a focusing error signal by the Foucault method is used for
detecting the position deviation of the light beam converging means with respect to the
optical member, instead of additionally providing any means for detecting the position
deviation of the light beam converging means. Therefore, the optical pickup can

realize the high-speed access property by appropriately and simply detecting the
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position deviation of the light beam converging means, without causing the increase
in the number of components, the increase in the size of the device itself and the rise
in cost.

Another optical pickup according to the present invention for carrying out
recording and/or reproduction of signals by irradiating a signal recording surface of
an optical disc with a light beam includes: a light source for emitting the light beam;
light beam converging means for converging the light beam emitted from the light
source and for irradiating the signal recording surface of the optical disc with the
converged light beam; a photodetector having a light-receiving section for receiving
a return light beam reflected by the signal recording surface of the optical disc; an
optical member arranged between the light source and photodetector on one side and
the light beam converging means on the other side, for transmitting the light beam
emitted from the light source and for transmitting the return ]igHt beam directed
toward the photodetector; optical path branching means integrally formed with the
~ optical member for separating the optical path of the light beam emitted from the light
source and the optical path of the return light beam reflected by the signal recording
surface of the optical disc; return light beam splitting means integrally formed with the
optical member for splitting the return light beam passed through the optical path
branching means into at least two beams; and a biaxial actuator for moving the light
beam converging means into biaxial directions, that is, the direction of radius of the

optical disc and the direction toward and away from the optical disc.
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In this optical pickup, the return light beam splitting means has at least two
surfaces having different normal vectors, and the boundary between these surfaces is
inclined at a predetermined angle with respect to a direction corresponding to the
direction of radius of the optical disc. At least one light-receiving section of the
photodetector is divided into a portion for receiving one return light beam generated
by the return light beam splitting means and a portion for receiving the other return
light beam.

In this another optical member according to the present invention, the light
beam emitted from the light source is transmitted through the optical member and
directed toward the light beam converging means. Then, the light beam is converged
by light beam converging means and then cast onto the signal recording surface of the
optical disc.

In the case where the spot of the light beam cast on the signal recording surface
of the optical disc is deviated from a predetermined recording track on the signal
recording surface of the optical disc, or in the case where no focal point is formed on
the signal recording surface of the optical disc, the biaxial actuator is driven on the
basis of a tracking error signal or a focusing error signal, and the light beam
converging means is moved by the biaxial actuator into the direction of radius of the
optical disc or into the direction toward and away from the optical disc. Thus, the spot
of the light beam converged by the light beam converging means and cast onto the

signal recording surface of the optical disc constantly follows a predetermined
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recording track on the signal recording surface of the optical disc and forms a focal
point on the signal recording surface of the optical disc.

The light beam cast on the signal recording surface of the optical disc is
reflected by the signal recording surface of the optical disc and thus becomes a return
light beam including a signal component. The return light beam passes again through
the light beam converging means and then becomes incident on the optical member.

The return light beam incident on the optical member has its optical path
separated from the optical path of the light beam emitted from the light source, by the
optical path branching 1nean§ fon:;led integrally with the optical member. Specifically,
the optical path branching means includes, for example, a hologram formed on the
surface of the optical member. As the return light beam is diffracted by the hologram
into the direction toward the photodetector, the optical path of the return light beam
is separated from the optical path of the light beam emitted from the light source.

The return light beam having its optical path branched by the optical path
branching means is then split into at least two beams by the return light beam splitting
means integrally formed with the optical member.

Since the return light beam splitting means has at least two surfaces having
different normal vectors, the return light beam incident on the return light beam
splitting means is split along the boundary between the surfaces. The beams generated
by splitting proceed in different directions in accordance with the normal vectors of

the surfaces on which they are incident, and are directed toward the photodetector.
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Since at least one light receiving section of the photodetector is divided into the
portion for receiving one return light beam generated by the return light beam splitting
means and the portion for receiving the other return light beam, the return light beams
generated by the return light beam splitting means are received by the corresponding
portions of the light-receiving section of the photodetector.

Thus, on the basis of the detection signal from the light-receiving section of the
photodetector, a reproduction signal is generated and a focusing error signai is
generated by a so-called Foucault method.

Meanwhile, in the case where the position of the light beam converging means
with respect to the optical member is deviated in the direction of radius of the optical
disc from the normal position at the time of access to a desired recording track on the
optical disc, the spot of the return light beam incident on the optical member is
deviated in the direction corresponding to the direction of radius of the optical disc,
on the optical path branching means.

In this another optical pickup according to the present invention, the return light
beam splitting means has at least two surfaces of different normal vectors and the
boundary between these surfaces is inclined at a predetermined angle with respect to
the direction corresponding to the direction of radius of the optical disc. Therefore,
in the case where the position of the light beam converging means is deviated in the
direction of radius of the optical disc from the normal position, the return light beam

is split asymmetrically by the return light beam splitting means. The individual parts
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of the return light beam generated by asymmetrical splitting by the return light beam
splitting means are received by the corresponding portions of the light-receiving
section of the photodetector. Therefore, the position deviation of the light beam
converging means with respect to the optical member can be detected on the basis of
the detection signal from the light-receiving section of the photodetector.

According to this another optical pickup of the present invention, since the
position deviation of the light beam converging means with respect to the optical
member at the time of access to a desired recording track on the optical disc can be
detected in the above-described manner, the position of the light beam converging
means can be instantaneously recovered to secure the accuracy and stai)ility of the
access operation and to realize the high-speed access property.

Also, in this another optical pickup according to the present invention, the
return light beam splitting means for generating a focusing error signal by the Foucault
method is used for detecting the position deviation of the light beam converging means
with respect to the optical member, instead of additionally providing.any means for
detecting the position deviation of the light beam converging means. Therefore, the
optical pickup can realize the high-speed access property by appropriately and simply
detecting the position deviation of the light beam converging means, without causing
the increase in the number of components, the increase in the size of the device itself
and the rise in cost.

An optical disc device according to the present invention includes: disc rotating
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means for rotating an optical disc; an optical pickup for carrying out recording and/or
reproduction of signals by irradiating with a light beam a signal recording surface of
the optical disc rotated by the disc rotating means; a signal processing circuit for
processing a detection signal from the optical pickup; and an access mechanism for
moving tﬁe optical pickup in the direction of radius of the optical disc.

In this optical disc device, the optical pickup includes a light source for emitting
the light beam, light beam converging means for converging the light beam emitted
from the light source and for irradiating the signal recording surface of the optical disc
with the converged light beam, a photodetector having a light-receiving section for
receiving a return light beam reflected by the signal recording surface of the optical
disc, an optical member arranged between the light source and photodetector on one
side and the light beam converging means on the other side, for transmitting the light
beam emitted from the light source and for transmitting the return light beam directed
toward the photodetector, optical path branching means integrally formed with the
optical member for separating the optical path of the light beam emitted from the light
source and the optical path of the return light beam directed toward the photodetector,
and a biaxial actuator for moving the light beam converging means into biaxial
directions, that is, the direction of radius of the optical disc and the direction toward
and away from the optical disc. The optical path branching means has at least two
diffraction areas for diffracting the return light beam reflected by the signal recording

surface of the optical disc, into different directions, respectively, and the boundary
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between the diffraction areas is inclined at a predetermined angle with respect to the
direction corresponding to the direction of radius of the optical disc. At least one
light-receiving section of the photodetector is divided into a portion for receiving a
return light beam diffracted by one diffraction area of the optical path branching
means and a portion for receiving a return light beam diffracted by the other
diffraction area.

In the optical disc device according to the present invention, the optical disc as
a recording medium is rotated by the disc rotating means, Then, when signals are to
be recorded to and/or reproduced from the optical disc rotated by the disc rotating
means, a light beam is first emitted from the light source of the optical pickup to the
optical disc rotated by the disc rotating means. The optical pickup is moved in the
direction of radius of the optical disc by the access mechanism so as to access a
desired recording track.

The light beam emitted from the light source is transmitted through the optical
member and directed toward the light beam converging means. The light beam 1s then
converged by light beam converging means and then cast onto the signal recording
surface of the optical disc.

In the case where the spot of the light beam cast on the signal recording surface
of the optical disc is deviated from a predetermined recording track on the signal
recording surface of the optical disc, or in the case where no focal point is formed on

the signal recording surface of the optical disc, the biaxial actuator is driven on the
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basis of a tracking error signal or a focusing error signal from the signal processing
circuit, and the light beam converging means is moved by the biaxial actuator into the
direction of radius of the optical disc or into the direction toward and away from the
optical disc. Thus, the spot of the light beam converged by the light beam converging
means and cast onto the signal recording surface of the optical disc constantly follows
apredetermined recording track on the signal recording surface of the optical disc and
forms a focal point on the signal recording surface of the optical disc.

The light beam cast on the signal recording surface of the optical disc is
reflected by the signal recording surface of the optical disc and thus becomes a return
light beam including a signal component. The return light beam passes again through
the light beam converging means and then becomes incident on the optical member.

The return light beam incident on the optical member has its optical path
separated from the optical path of the light beam emitted from the light source, by the
optical path branching means formed integrally with the optical member. Specifically,
the optical path branching means includes, for example, a hologram formed on the
surface of the optical member. As the return light beam is diffracted by the hologram
into the direction toward the photodetector, the optical path of the return light beam
is separated from the optical path of the light beam emitted from the light source.

Since the optical path branching means has at least two diffraction areas for
diffracting the return light beam in different directions, the return light beams incident

on the respective diffraction areas of the optical path branching means are diffracted
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mto different directions by the diffraction areas of the optical path branching means,
then transmitted through the optical member, and directed toward thé photodetector.

Since at least one light receiving section of the photodetector is divided into the
portion for receiving the return light beam diffracted by one diffraction area of the
optical path branching means and the portion for receiving the return light beam
diffracted by the other diffraction area, the return light beams diffracted into different
directions by the respective diffraction areas of the optical path branching means are
received by the corresponajng portions of the light-receiving section of the
photodetector.

The return light beams received by the respective portions of the light-receiving
section of the photodetector are photoelectrically converted by the photodetector and
supplied as detection signals to the signal processing circuit. In the signal processing
circuit, predetermined arithmetic processing is carried out on the basis of the detection
signal, thereby generating a reproduction signal and generating a focusing error signal
by a so-called Foucault method.

Meanwhile, in the case where signals are to be recorded to and/or reproduced
from the optical disc in this optical disc device, first the optical pickup is moved in the
direction of radius by the access mechanism so as to access a desired recording track,
as described above. In this case, the position of the light beam converging means of
the optical pickup with respect to the optical member may be deviated into the

direction of radius of the optical disc from the normal position because of inertia.
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When the position of the light beam converging means with respect to the optical
member is deviated in the direction of radius of the optical disc from the normal
position, the spot of the return light beam incident on the optical member is deviated
in the direction corresponding to thé direction of radius of the optical disc, on the
optical path branching means.

In the optical disc device according to the present invention, the optical path
branching means of the optical pickup has at least two diffraction areas for diffracting
the return light beam into different directions, and the boundary between these
diffraction areas is inclined at a predetermined angle with respect to the direction
corresponding to the direction of radius of the optical disc. Therefore, in the case
where the position of the light beam converging means is deviated in the direction of
radius of the optical disc from the normal position, the return light beam is split
asymmetrically by the optical path branching means. The individual parts ofthe return
light beam generated by asymmetrical splitting by the optical path branching means
are received by the corresponding portions of the light-receiving section of the
photodetector. Therefore, the position deviation of the light beam converging means
with respect to the optical member can be detected by carrying out predetermined
arithmetic processing in the signal processing circuit on the basis of the detection
signal from the light-reéeiving section of the photodetector.

According to the optical disc device of the present invention, since the position

deviation of the light beam converging means with respect to the optical member at the
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time when causing the optical pickup to access a desired recording track on the optical
disc can be detected in the above-described manner, the position of the light beam
converging means can be instantaneously recovered to secure the accuracy and
stability of the access operation and to realize the high-speed access property.

Also, in this optical disc device according to the present invention, the optical
path branching means of the optical pickup for separating the optical path of the return
light beam directed toward the photodetector from the optical path of the light beam
emitted from the light source and for generating a focusing error signal by the Foucault
method is used for detecting the position deviation of the light beam converging means
with respect to the optical member, instead of additionally providing any means for
detecting the position deviation of the light beam converging means. Therefore, the
optical disc device can realize the high-speed access property by appropriately and
simply detecting the position deviation of the light beamn converging means, without
causing the increase in the number of components, the increase in the size of the
device itself and the rise in cost.

Another optical disc device according to the present invention includes: disc
rotating means for rotating an optical disc; an optical pickup for carrying out recording
and/or reproduction of signals by irradiating with a light beam a signal recording
surface of the optical disc rotated by the disc rotating means; a signal processing
circuit for processing a detection signal from the optical pickup; and an access

mechanism for moving the optical pickup in the direction of radius of the optical disc.
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In this optical disc device, the optical pickup includes a light source for emitting
the light beam, light beam converging means for converging the light beam emitted
from the light source and for irradiating the signal recording surface of the optical disc
with the converged light beam, a photodetector having a light-receiving section for
receiving a return light beam reflected by the signal recording surface of the optical
disc, an optical member arranged between the light source and photodetector on one
side and the light beam converging means on the other side, for transmitting the light
beam emitted from the light source and for transmitting the return light beam directed
toward the phofodetector, optical path branching means integrally formed with the
optical member for separating the optical path of the light beam emitted from the light
source and the optical path of the return light beam reflected by the signal rqcording
surface of the optical disc, return light beam splitting means integrally formed with the
optical member for splitting the return light beam passed through the optical path
branching means into at least two beams, and a biaxial actuator for moving the light
beam converging means into biaxial directions, that is, the direction of radius of the
optical disc and the direction toward and away from the optical disc. The return light
beam splitting means has at least two surfaces having different normal vectors, and the
boundary between these surfaces is inclined at a predetermined angle with respect to
a direction corresponding to the direction of radius of the optical disc. At least one
light-receiving section of the photodetector is divided into a portion for receiving one

return light beam generated by the return light beam splitting means and a portion for
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receiving the other return light beam.

In this another optical disc device according to the present invention, the optical
disc as a recording medium is rotated by the disc rotating means. Then, when signals
are to be recorded to and/or reproduced from the optical disc rotated by the disc
rotating means, a light beam is first emitted from the light source of the optical pickup
to the optical disc rotated by the disc rotating means. The optical pickup is moved in
the direction of radius of the optical disc by the access mechanism so as to access a
desired recording track.

The light beam emitted from the light source is transmitted through the optical
member and directed toward the light beam converging means. The light beam is then
converged by light beam converging means and then cast onto the signal recording
surface of the optical disc.

In the case where the spot of the light beam cast on the signal recording surface
of the optical disc is deviated from a predetermined recording track on the signal
recording surface of the optical disc, or in the case where no focal point is formed on
the signal recording surface of the optical disc, the biaxial actuator is driven on the
basis of a tracking error signal or a focusing error signal from the signal processing
circuit, and the light beam converging means is moved by the biaxial actuator into the
direction of radius of the optical disc or into the direction toward and away from the
optical disc. Thus, the spot of the light beam converged by the light beam converging

means and cast onto the signal recording surface of the optical disc constantly follows
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a predetermined recording track on the signal recording surface of the optical disc and
forms a focal point on the signal recording surface of the optical disc.

The light beam cast on the signal recording surface of the optical disc is
reflected by the signal recording surface of the optical disc and thus becomes a return
light beam including a signal component. The return light beam passes again through
the light beam converging means and then becomes incident on the optical member.

The return light beam incident on the optical member has its optical path
separated from the optical path of the light beam emitted from the light source, by the
optical path branching means formed integrally with the optical member. Specifically,
the optical path branching means includes, for example, a hologram formed on the
surface of the optical member. As the return light beam is diffracted by the hologram
mto the direction toward the photodetector, the optical path of the return light beam
is separated from the optical path of the light beam emitted from the light source.

The return light beam having its optical path branched by the optical path
branching means is then split into at least two beams by the return light beam splitting
means integrally formed with the optical member.

Since the return light beam splitting means has at least two surfaces having
different normal vectors, the return light beam incident on the return light beam
splitting means 1is split along the boundary between the surfaces. The beams generated
by splitting proceed in different directions in accordance with the normal vectors of

the surfaces on which they are incident, and are directed toward the photodetector.
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Since at least one light receiving section of the photodetector is divided into the
portion for receiving one return light beam generated by the return light beam splitting
means and the portion for receiving the other return light beam, the return light beams

generated by the return light beam splitting means are received by the corresponding
portions of the light-receiving section of the photodetector.

The return light beams received by the respective portions of the light-receiving
section of the photodetector are photoelectrically converted by the photodetector and
supplied as detection signals to the signal processing circuit. In the signal processing
circuit, predetermined arithmetic processing is carried out on the basis of the detectioﬁ
signal, thereby generating a reproduction signal and generating a focusing error signal
by a so-called Foucault method. |

Meanwhile, in the case where signals are to be recorded to and/or reproduced
from the optical disc in this optical disc device, first the optical pickup is moved in the
direction of radius by the access mechanism so as to access a desired recording track,
as described above. In this case, the position of the light beam converging means of
the optical pickop with respect to the optical member may be deviated into the
direction of radius of the optical disc from the normal position because of inertia.
‘When the position of the light beam converging means with respect to the optical
member is deviated in the direction of radius of the optical disc from the normal
position, the spot of the return light beam incident on the optical membef is deviated

in the direction corresponding to the direction of radius of the optical disc, on the



40
optical path branching means.

In this another optical disc device according to the present invention, the return
light beam splitting means of the optical pickup has at least two surfaces of different
normal vectors and the boundary between these surfaces is inclined at a predetermined
angle with respect to the direction corresponding to the direction of radius of the
optical disc. Therefore, in the case where the position of the light beam converging
means is deviated in the direction of radius of the optical disc from the normal
position, the return light beam is split ésynnnetrically by the return light beam splitting
means. The individual parts of the return light beam generated by asymmetrical
splitting by the return light beam splitting means are received by the corresponding
portions of the light-receiving section of the photodetector. Therefore, the position
deviation of the light beam converging means with respect to the optical member can
be detected by carrying out predetermined arithmetic processing in the signal
processing circuit on th¢ basis of the detection signal from the light-receiving section
of the photodetector.

According to this another optical disc device of the present invention, since the
position deviation of the light beam converging means with respect to the optical
member at the time when cansing the optical pickup to access a desired recording track
on the optical disc can be detected in the above-described manner, the position of the
light beam converging means can be instantaneously recovered to secure the accuracy

and stability of the access operation and to realize the high-speed access property.
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Also, in this another optical disc device according to the present invention, the
return light beam splitting means of the optical pickup for generating a focusing error
signal by the Foucault method is used for detecting the position deviation of the light
beam converging means with respect to the optical member, instead of additionally
providing any means for detecting the position deviation of the light beam converging
means. Therefore, the optical disc device can realize the high-speed access property
by appropriately and simply detecting the position deviation of the light beam
converging means, without causing the increase in the number of components, the
increase in the size of the device itself and the rise in cost.

Brief Description of the Drawings

Fig.1isa perspective view schematically showing a conventional optical pickup.

Fig.2 is a view for explaining the deviation of an objective lens in the direction
of radius of an optical disc at the time of access by the optical pickup.

Fig.3 is a block diagram showing an exemplary structure of an optical disc
device to which the present invention is applied.

Fig.4 is a perspective view schematically showing an optical pickup to which
the present invention is applied.

Fig.Sisaside view schematically showing the state inside the optical pickup for
explaining the positional relation of an integrated optical element to which the present
invention is applied in the optical pickup.

Fig.6 is a side view schematically showing the state inside the integrated optical
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element to which the present invention is applied.

Fig.7 is a perspective view schematically showing the positional relation of
individual members constituting the optical p{ckup to which the present invention is
applied.

Figs.8A to 8C show the relation between the position of an objective lens in the
optical pickup to which the present invention is applied and the position of a return
light spot formed on a hologram. Fig.8A shows the state where the objective lens is
located at a normal position. Figs.8B and 8C show the state where the position of the
objective lens is deviated.

Fig.9 is a side view schematically showing the state inside another integrated
optical element to which the present invention is applied.

Fig.10 is a perspective view schematically showing the positional relation of
individual members conétituting another optical pickup to which the present invention
1s applied.

Fig.11 is an enlarged perspective view showing essential portions of an optical
member provided in another optical pickup to which the present invention is applied.

Figs.12A to 12C show the relation between the position of an objective lens in
another optical pickup to which the present invention is applied and the position of a
return light spot formed on a Foucault prism. Fig.12A shows the state where the
objective lens is located at a normal position. Figs.12B and 12C show the state where

the position of the objective lens is deviated.
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Fig.13 is a side view schematically showing the state inside still another
mtegrated optical element to which the present invention is applied.

Fig.14 is a perspective view schematically showing the positional relation of
individual members constituting still another optical pickup to which the present
invention is applied.

Best Mode for Carrying Out the Invention

Preferred embodiments of the present invention will now be described in detail
with reference to the drawings.
First Embodiment

Fig.3 shows the overall structure of an exemplary optical disc device to which
the present invention is applied. This optical disc device 10 has a spindle motor 12 for
rotationally driving an optical disc 11 as a recording medium, an optical pickup 20 for
irradiating with a light beam the sighal recording surface of the optical disc 11
rotationally driven by the spindle motor 12 and for receiving a return light beam
reflected by the signal recording surface of the optical disc 11 so as to read record
signals recorded on the signal recording surface of the optical disc 11, and a control
section 13 for controlling the spindle motor 12 and the optical pickup 20, as shown in
Fig.3.

The control section 13 has an optical disc controller 14, a signal processing
circuit 15, an interface 17, ahead access control section 18, and a servo control. section

19.
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The optical disc controller 14 controls the driving of the spindle motor 12 with
a predetermined number of rotations, and controls the operation of each part inside the
control section 13.

The signal processing circuit 15 generates a reproduction signal based on a
detection signal from the optical pickup 20, and transmits the generated reproduction
signal to an external computer or the like via the interface 17. This altows the external
computer or the like to receive the signal recorded on the optical disc 11 as the
reproduction signal. The signal processing circuit 15 also generates control signals
such as a tracking error signal, a focusing error signal and a signal indicating the
position information of an objective lens on the basis of the detection signal from the
optical pickup 20, and supplies the generated signals to the optical disc controller 14.

The head access control section 18 moves the optical pickup 20 at a high speed
into the direction of radius of the optical disc 11 under the coﬁtrol of the optical disc
controller 14 so as to cause the optical pickup 20 to access a predetermined recording
track on the signal recording surface of the optical disc 11, for example, by track jump
or the like.

The servo control section 19 drives a biaxial actuator of the optical pickup 20
on the basis of the tracking error signal or focusing error signal under the control of
the optical disc controller 14 so as to minutely move the objective lens held by the
biaxial actuator into biaxial directions, that is, the direction ofradius of the optical disc

11 (ie., tracking direction} and the direction toward and away from the signal
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recording surface of the optical disc 11 (i.e., focusing direction), thus carrying out
focusing servo and tracking servo.

The servo control section 19 also drives the biaxial actuator of the optical
pickup 20 on the basis of the signal indicating the position information of the objective
lens so as to minutely move the objective lens held by the biaxial actuator into the
direction of radius of the optical disc 11, thus carrying out so-called midpoint servo for
correcting the position deviation of the objective lens in the direction of radius of the
optical disc at the time when the optical pickup is operated for access.

The optical pickup 20 has a base 2.1 which is connected to a thread motor of the
head access control section 18 via a thread feed shaft 22, as shown in Fig.4.

The base 21 is made of a metal material such as aluminum or the like shaped
in a plate-like form, and a through-hole 23 penetrating in the direction of width is
provided at one end thereof. As the thread feed shaft 22 is inserted into the through-
hole 23, the base 21 is connected to the thread motor of the head access control section
18 via the thread feed shaft 22 and is made movable in the direction of radius of the
optical disc 11 indicated by an arrow X in Fig.4 by the driving of the thread motor.

As the base 21 is moved in the direction of radius of the optical disc .I 1 by the
driving of the thread motor of the head access control section 18, the optical pickup
20 can access a predetermined recording track on the signal recording surface of the
optical disc 11.

At the other end of the base 21, an engagement piece 25 to be engaged with a
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guide shaft 24 of the optical disc device 10 is provided. As the engagement piece 25
1s engaged with the guide shaft 24, the base 21 can maintain its attitude and be stably
moved by the driving of the thread motor.

On the base 21, a biaxial actuator housing section 26 is provided which opens
in a main surface section facing the optical disc 11. Inside the biaxial actuator housing
section 26, a biaxial actuator 28 is housed which is adapted for minutely moving an
objective lens 27 into the direction of radius of the optical disc 11 indicated by an
arrow X in Fig.4 and into the direction toward and away from the signal recording
surface of the optical disc 11 indicated by an arrow Z in Fig.4.

The biaxial actuator 28 has a fixed portion 29 fixed to the base 21, a lens
holding portion 31 movably supported to the fixed portion 29 via a suspension 30, and
a driving portion 32 having a coil and a magnet for minutely moving the lens holding
portion 31 in biaxial directions by an electromagnetic force. The objective lens 27 is
held by the lens holding portion 31 of the biaxial actuator 28.

In this biaxial actuator 28, when a current based on a tracking error signal and
a focusing error signal is supplied to the coil of the driving portion 32 from the servo
control section 19, the driving portion 32 generates an electromagnetic force to
minutely move the lens holding portion 31 in the biaxial directions in accordance with
the value of the current supplied thereto. Thus, the objective lens 27 held by the lens
bolding portion 31 is minutely moved in the biaxial directions, that is, in the direction

of radius of the optical disc 11 and in the direction toward and away from the optical
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disc 11, in accordance with the tracking ‘error signal and the focusing error signal.

At the other end of the base 21, an integrated optical element 40 is mounted
which is formed as a one chip including a semiconductor laser element as a light
source and a photodetector integrated therein.

In this optical pickap 20, the integrated optical element 40 is mounted on the
base 21 so that a light beam is emitted i a direction substanﬁally parallel to the main
surface portion of the base 21, that is, substantially parallel to the signal recording
surface of the optical disc 11, as shown in Fig.5. In this optical pickup 20, alight beam
emitted from the integrated optical element 40 is reflected by a reflection surface 32a
of a rise mirror 32, thereby bending the optical path by approximately 90 degrees to
leading the optical path to the objective lens 27.

As the light beam emitted from the integrated optical element 40 is caused to
proceed substantially in parallel to the signal recording surface of the optical disc 11,
the optical pickup 20 can be reduced in thickness while an optical path length
necessary for the light beam is secured.

The integrated optical element 40 has a semiconductor laser element 41 as a
light source, a prism 42 having a fiinction to bend the optical path of the light beam
emitted from the semiconductor laser element 41, an optical member 43 made of a
transparent material for transmitting the laser beam with its optical path bent by the
prism 42 and for transmitting a return light beam reflected by the signal recording

surface of the optical disc 11, and a photodetector IC 44 as a photodetector for
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receiving the return light beam, as shown in Fig.6.

The semiconductor laser element 41, the prism 42 and the photodetector IC 44
are provided on a board 46 arranged inside a package member 45. On one main
surface portion of the package member 45, an aperture 45a is provided. On the main
surface portion of the package member 45 where .the aperture 45a is provided, the
optical member 43 is joined by an adhesive or the like so as to close the aperture 45a.
That is, the integrated optical element 40 is constituted as one element including the
individual members integrated therein. This integrated optical element 40 is mounted
on the base 21 of the above-described optical pickup 20 and is held in a fixed state
thereon.

The semiconductor laser element 41 is a light-emitting element utilizing
recombination radiation of the semiconductor, and emits a laser beam (light beam) to
be cast onto the signal recording surface of the optical disc 11.

The prism 42 has an inclined surface 42a inclined at an inclination of
approximately 45 degrees with respect to the board 46. This inclined surface 42a
reflects the light beam emitted from the semiconductor laser element 41 into the
direction substantially parallel to the board 46 and bends the optical path of the light
beam.

The optical member 43 is formed ina parallel-plate shape made of a transparent
plastic material or glass and having a first surface 43a and a second surface 43b which

are parallel to each other. This optical member 43 is joined onto the package member
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45 s0 as to close the aperture 45a of the package member 45 by the first surface 43a.

On the first surface 43a of the opticai member 43, a grating 47 as light beam
splitting means is integrally formed at a position on the optical path of the light beam
which is reflected by the prism 42 and incident on the optical member 43.

This grating 47 is a diffraction grating for diffracting the light incident thereon,
and has a plurality of grooves extending in a direcﬁon slightly inclined with respect to
the direction corresponding to the direction of radius of the optical disc 11. The
grating 47 has a function to split the light beam incident on the optical member 43 into
a plurality of beams including at least a main beam made up of a Oth-order diffracted
light and two side beams made up of plus and minus 1st-order diffracted lights by the
diffraction effect of these grooves.

Of the plurality of beams generated by splitting by the grating 47, the main
beam is cast onto a predetermined recording track on the signal recording surface of
the optical disc 11. Of the plurality of beams generated by splitting by the grating 47,
the two side beams are cast to positions which are vertically away from the position
irradiated with the main beam along the recording track and which are horizontally
away from the center of the recording track by approximately 1/4 track on the signal
recording surface of the optical disc 11. Thus, three light spots are formed on the
signal recording surface of the optical disc 11. Therefore, the optical pickup 20 is
capable of detecting a tracking error signal by a so-called three-beam method.

The size of the grating 47 is set so that a return light beam which is reflected by
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the signal recording surface of the optical disc 11, then passed through the objective
lens and incident again on the optical member 43 and which is diffracted by a
hologram 48, later described, and directed toward the photodetector IC 44 does not
become incident.

On the second surface 43b of the optical member 43, the hologram 48 as optical
f)ath branching means is integrally formed at a position on the optical path of the
return light beam which is reflected by the signal recording surface of the optical disc
11, then passed through the objective lens 27 and incident again on the optical member
43,

This hologram 48 directly transmits the light beam incident on the optical
member 43 from the first surface 43a, that is, the light beam directed toward the
optical disc 11, and diffracts the light beam incident on the optical member 43 from
the second surface 43b, that is, the return light beam reflected by the signal recording
surface of the optical disc 11, into the direction toward the photodetector IC 44.

As the return light beam reflected by the signal recording surface of the optical
disc 11 is diffracted by the hologram 48 into the direction toward the photodetector IC
44, the optical path of the return light beam is separated from the optical path of the
light beam incident on the optical member 43 from the first surface 43a.

This hologram 48 has two hologram areas 48b and 48c which are formed by
bisecting along a boundary 48a passing through the optical axis O of the return light

beam of the main beam and in which holographic gratings of different main diffraction
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angles are formed, respectively, as shown in Fig.7. The holographic gratings of the
bologram areas 48b and 48¢ are constituted by a plurality of grooves extending in a
substantially perpendicular direction with respect to the boundary 48a. Therefore, the
return light beam incident on the hologram 48 is split into two beams by the boundary
48a of the hologram 48, and a portion incident on the one hologram area 48b and a
portion incident on the other hologram area 48c are diffracted at different diffraction
angles into the direction along the boundary 48a. The diffracted beams are directed
to different positions on the photodetector IC 44 as beams forming substantially
semicircular spots as indicated by spots SP1 and SP2 in Fig.7. In Fig.7, only the main
beam is shown.

In the optical pickup 20, as the individual portions of the return light beam
generated by splitting by the boundary 48a of the hologram 48 and directed toward
different positions on the photodetector IC 44 are received by the corresponding
portions of the light-receiving section of the photodetector IC 44, a focusing error
signal can be detected by the so-called Foucault method.

In the hologram 48, the boundary 48a between the two hologram areas 48b and
48c is inclined at a predetermined inclination with respect to the direction
corresponding to the direction of radius of the optical disc 11 so that the boundary
does not coincide with the direction corresponding to the direction of radius of the
optical disc 11 indicated by an arrow X in Fig.7. Specifically, the boundary 48a

between the two hologram areas 48b and 48c of the hologram 48 is inclined at
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approximately 45 degrees with respect to the direction corresponding to the direction
of radius of the optical disc 11.

In this case, the direction corresponding to the direction of radius of the optical
disc 11 is a direction substantially equivalent to the direction of radius of the optical
disc 11 with respect to the return light beam incident on the hologram 48, and is a
direction in which the return light beam incident on the hologram 48 moves when the
spot of the light beam cast onto the signal recording surface of the optical disc 11
moves in the direction of radius of the optical disc 11.

In Fig.7, to simplify the description, the rise mirror 32 is not shown which is
arranged between the integrated optical element 40 and the objective lens 27 so that
the direction corresponding to the direction of radius of the optical disc 11 is the same
as the direction of radius of the optical disc 11. In Fig.7, the semiconductor element
41, the prism 42, the optical member 43 and the photodetector IC 44 are shown as
separafe members. Actually, however, these respective optical elements are integrated
as the integrated optical element 40, as described above.

As described above, in the case where the boundary 48a between the two
hologram areas 48b and 48¢ of the hologram 48 is not comncident with the direction
corresponding to the direction of radius of the optical disc 11, when the position of the
objective lens 27 with respect to the optical member 43, that is, the position of the
objective lens 27 with respect to the integrated optical element 40 and the base 21 of

the optical pickup 20 holding the integrated optical element, is deviated into the
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direction of radius of the optical disc 11 from the normal position, the return light
beam passed through the objective lens 27 and incident on the hologram 48 is
asymmetrically split by the boundary 48a between the two hologram areas 48b and 48¢

of the hologram 48. The respective parts of the return light beam generated by the

_ asymmetrical splitting are received by the corresponding portions of the light-receiving

section of the photodetector IC 44.

Thus, in the optical pickup 20, the position deviation of the objective lens 27 in
the direction ofradius of the optical disc 11 can be detected by finding the difference
in the light quantity of the respective parts of the return light beam received by the
corresponding portions of the light-receiving section of the photodetector IC 44.

In the above description, the boundary 48a between the two hologram areas 48b
and 48c¢ of the hologram 48 is inclined at approximately 45 degrees with respect to the
direction corresponding to the direction of radius of the optical disc 11. However, the
angle of inclination of the boundary 48a with respect to the direction corresponding
to the direction of radius of the optical disc 11 may be suitably set within such a range
that a sensitivity necessary for detecting the position deviation of the objective lens 27
in the direction of radius of the optical disc 11 can be obtained.

The range which allows obtaining the sensitivity necessary for detecting the
position deviation of the objective lens 27 in the direction of radius of the optical disc
11 is more or less dependent on the performance of the individual members

constituting the optical pickup 20. In general, as long as the boundary 48a is inclined
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at 15 degrees or more with respect to the direction corresponding to the direction of
radius of the optical disc 11, the sensitivity necessary for detecting the position
deviation of the objective lens 27 in the direction of radius of the optical disc 11 can
be obtained satisfactorily.

Therefore, it is desired that the boundary 48a between the two hologram areas
48b and 48c of the hologram 48 is inclined at 15 degrees or more with respect to the
direction corresponding to the direction of radius of the optical disc 11.

The photodetector IC 44 has a photodetector section for receiving the return
light beam diffracted by the hologram 48 and transmitted through the optical member
43, and a voltage conversion circuit for converting a current from the photodetector
section to a voltage. These section and circuit are integrated as one element.

The photodetector section of the photodetector IC 44 has, as shown in Fig.7, a
center light-receiving section A, and two light-receiving sections B and C arranged at
positions slightly distanced from the light-receiving section A into the direction
corresponding to the direction along the recording track on the optical disc 11, as
indicated by an arrow Y in Fig.7.

The direction corresponding to the direction along the recording track on the
optical disc 11 is a direction substantially equivalent to the direction along the
recording track on the optical disc 11 with respect to the return light beam incident on
the photodetector section of the photodetector IC 44. It is the direction in which the

return light beam incident on the photodetector section moves when the spot of the
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light beam cast on the signal recording surface of the optical disc 11 moves along the
recording track on the optical disc 11.

Of these light-receiving sections of the photodetector section, the center light-
receiving section A is divided by division lines which are parallel to the boundary 48a
,b.etween the two hologram areas 48b and 48c¢ of the hologram 48, that is, a division
line d3 inclined at approximately 45 degrees with respect to the direction
corresponding to the direction of radius of the optical disc 11 and a division line d4
orthogonal to the division line d3, and thus has four light-receiving sections Al, A2,
A3 and A4,

In the photodetector section of the photodetector IC 44, the light-receiving
section B and the light-receiving section C of these light-receiving sections receive the
return light beams of the two side beams generated by splitting by the grating 47.
Also, in the photodetector section of the photodetector IC 44, the light-receiving
sections Al and A2 on one side of the division line d4 of the center light-receiving
section A receive the part of the return light beam of the main beam which is diffracted
by one hologram area 48b of the hologram 48, and the light-receiving sections A3 and
A4 on the other side of the division line d4 of the center light-receiving section A
receive the part of the return light beam of the main beam which is diffracted by the
other hologram area 48c of the hologram 48.

The light-receiving sections Al and A2 for receiving the return light diffracted

by one hologram area 48b of the hologram 48, and the light-receiving sections A3 and
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A4 for receiving the return light diffracted by the other hologram area 48c of the
hologram 48 are divided by the division line d3 which is parallel to the boundary 48a
between the two hologram areas 48b and 48c of the hologram 48.

In this optical pickup 20, as described above, the respective parts of the return
light beam of the main beam generated by splitting by the hologram 48 are received
by the two light-receiving sections separated by the division line d3 which is parallel
to the boundary 48a of the hologram 48. Therefore, for example, even when the
position on the photodetector IC 44 of the return light beam spot of the light beam in
the focused state is slightly changed in the case where a change of the oscillation
wavelength is generated in the semiconductor laser element 41 or in the case where a
change in the refractive index is generated in the optical member 43 because of a
temperature change, it is possible to effc;ctively restrain generation of any deviation of
the signal level of a focusing error signal due to the position change of the return light
beam spot, and to detect an appropriate focusing error signal.

In the photodetector IC 44, the current values based on the light quantities of
the return lights received by the light-receiving sections Al, A2, A3, A4, B and C of
the photodetector section are converted to voltage values by the voltage conversion
circuit and are supplied as light-receiving signals to the signal processing circuit 15 of
the optical disc device 10. Then, the signal processing circuit 15 carries out
predetermined arithmetic processing based on the light-receiving signals, thereby

generating a reproduction signal RF1. Also, a focusing error signal FE1 is generated
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by the so-called Foucault method and a tracking error signal TR1 is generated by the
so-called three-beam method. Moreover, a signal indicating the position information
of the objective lens 27 is generated.

The operation for reproducing the signals recorded on the optical disc 11 by
using the optical disc device 10 constituted as described above will now be described.

In reproducing the signals recorded on the optical disc 11 by using the optical
disc device 10, first, the optical disc 11 is mounted on the spindle motor 12. Then, as
the spindle motor 12 is rotationally driven at a predetermined number of rotations
under the control of the optical dis;: controller 14, the optical disc 11 is rotated.

A light beam is emitted from the semiconductor laser element 41 provided in
the integrated optical element 40 of the optical pickup 20. Then, as the thread motor
of the head access control section 18 is driven under the control of the optical disc
controller 14, the optical pickup 20 is moved at a high speed in the direction of radius
of the optical disc 11 so as to access a predetermined recording track on the signal
recording surface of the optical disc 11.

The light beam emitted from the semiconductor laser element 41 is reflected by
the inclined surface 42a of the prism 42 and becomes incident on the optical member
43 from its first surface 43a via the aperture 45a of the package member 45. The light
beam incident on the optical member 43 is split into a plurality of beams including a
main beam and two side beams by the grating 47 provided on the first surface 43a of

the optical member 43, then transmitted through the optical member 43, and emitted
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from the integrated optical element 40.

The light beam emitted from the integrated optical element 40 is reflected by
the reflection surface 32a of the rise mirror 32 and becomes incident on the objective
lens 27, The light beam incident on the objective lens 27 is converged by the objective
lens 27 and then cast onto the predetermined recording track on the signal recording
surface of the optical disc 11. In this case, three beam spots are formed on the signai
recording surface of the optical disc 11 by the main beam and two side beams
generated by splitting by the grating 47.

The light beam cast onto the signal recording surface of the optical disc 11 is
reflected by the signal recording surface of the optical disc 11 so as to be a return light
beam including a signal component, which is transmitted again through the objective
lens 27 and becomes incident on thé optical member 43 from its second surface 43b.

The return light beam incident on the optical member 43 from its second surface
43b is diffracted by the hologram 48 formed on the second surface 43b of the optical
member 43, and the optical path of this return light beam is thus separated from the
optical path of the light beam incident on the optical member 43 from its first surface
43a.

In this case, the return light beam is split into two parts by the boundary 48a of
the hologram 48. The part incident on one hologram area 48b and the part incident on
the other hologram area 48c are diffracted at different diffraction angles in the

direction along the boundary 48a and are directed toward different positions on the



59
photodetector IC 44,

The return light beams, diffracted by the hologram 48 and transmitted through
the optical member 43, become incident on the package member 45 via the aperture
453 of the package member 45, then reach the photodetector IC 44, and are received
respectively by the light-receiving sections Al, A2, A3, A4, B and C of the
photodetector section of the photodetector IC 44.

Of the return light beams having reached the photodetector IC 44, return light
beams of the two side beams generafed by splitting by the grating 47 are received
respectively by the light-receiving section B and the light-receiving section C of the
photodetector section.

Of the return light beams having reached the photodetector IC 44, a return light
beam of the main beam which is diffracted by one hologram area 48b of the hologram
48 is received by the light-receiving sections Al and A2 on one side of the division
line d4 of the light-receiving section A. Of the return light beams having reached the
photodetector IC 44, a return ﬁght beam of the main beam which is diffracted by the
other hologram area 48c¢ of the hologram 48 is received by the light-receiving sections
A3 and A4 on the other side of the division line d4 of the light-receiving section A.

The return light beams received by the respective light-receiving sections Al,
A2, A3, A4, B and C of the photodetector section are detected as current values based
on the light quantities by these light-receiving sections Al, A2, A3, A4, B and C. The

current values based on the light quantities of the return light beams are converted to
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voltage values by the voltage conversion circuit and are supplied as light-receiving
signals to the signal processing circuit 15.

Then, the signal processing circuit 15 carries out predetermined arithmetic
processing based on the light-receiving signals, thereby generating a reproduction
signal RF1. Also, a focusing error signal FE1 is generated by the so-called Foucault
method and a tracking error signal TR1 is generated by the so-called three-beam
method.

In the optical disc device 10 to which the present invention is applied, as the
signal processing circuit 15 carries out predetermined arithmetic processing based on
the light-receiving signals, a signal S1 indicating the posit:_ion information of the
objective lens is generated.

The reproduction signal RF1 is found by the signal processing circuit 15
carrying out arithmetic processing with respect to the folIowiné equation (6), where
SA1, SA2, SA3 and SA4 represent the light-receiving signals based on the return light
beam of the main beam received by the light-receiving sections Al, A2, A3 and A4 of
the photodetector section of the photodetector IC 44.

RF1 = (SA1+SA2) + (SA3+SA4) ... (6)

The reproduction signal RF1 generated by the signal processing circuit 15 is
processed by error correction and then transmitted to an external computer or the like
via the interface 17. Thus, the external computer or the like can receive the signal

recorded on the optical disc 11 as the reproduction signal.
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The focusing error signal FE1 is found by the signal processing circuit 15
carrying out arithmetic processing with respect to the following equations (7), (8) or
(9), where SA1, SA2, SA3 and SA4 represent the light-receiving signals based on the
return light beam of the main beam received by the light-receiving sections Al, A2,

A3 and A4 of the photodetector section of the photodetector IC 44.

FE1 = SA1-SA2 (D
FEI = SA3-SA4 - (8)
FE1 = (SAI+SA3) - (SA2+SA4) .. 9)

The tracking error signal TR1 is found by the signal processing circuit 15
carrying out arithmetic processing with respect to the following t_aquation (10), where
SB and SC represent the light-receiving signals based on the return light beams of the
two side beams received i)y the light-receiving sections B and C of the photodetector
section of the photodetector IC 44.

TR1=SB-SC ... (10)

The focusing error signal FE1 and the tracking error signal TR1 generated by
the signal processing circuit 15 are supplied to the servo control section 19 via the
optical disc controller 14, |

On the basis of the focusing error signal FE1 and the tracking error signal TR1,
the servo control section 19 drives the biaxial actuator 28 of the optical pickup 20
under the control of the optical disc controller 14,

As the biaxial actuator 28 is driven by the servo conmtrol section 19 in
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accordance with the focusing error signal FE1 and the tracking error signal TR1, the
biaxial actuator 28 carries out focusing servo to minutely move the objective lens 27
held by the lens holding section 31 into the direction toward and away from the signal
recording surface of the optical disc 11, thus controlling the focal point of the light
beam converged by the objective lens 27 so as to be constantly located on the signal
recording surface of the optical disc 11. The biaxial actuator 28 also carries out
tracking servo to minutely move the objective lens 27 held by the lens holding section
31 into the direction of radius of the optical disc 11, thus contrélling the spot of the
light beam converged by the objective lens 27 so as to follow the recording track on
the optical disc 11.

By thus reading the reproduction signal while carrying out the focusing servo
and tracking servo, the optical disc device 10 can appropriately reproduce the signals
recorded on the optical disc 11 even in the case where the optical disc 11 is fluctuated
or tilted.

Meanwhile, in the case where the signals recorded on the optical disc 11 are to
be reproduced by this optical disc device 10, first the optical pickup 20 is moved at a
high speed into the direction of radius of the optical disc 11 mounted on the spindle
motor 12 so as to access a predetermined recording track on the signal recording
surface of the optical disc 11, as described above. In this case, the tracking servo is
off.

The objective lens 27 of the optical pickup 20 is held by the lens holding section
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31 movably supported to the fixed portion 29 of the biaxial actuator 28 via the
suspension 30, as described above. Therefore, when the optical pickup 20 is moved
at a high speed into the direction of radius of the optical disc 11, or when this
movement is stopped, the position of the objective lens 27 with respect to the fixed
portion 29, that is, the position of the objective lens 27 with respect to the base 21 of
the optical pickup 20 and the portion fixed thereto is deviated into the direction of
radius of the optical disc 11 from the normal position, under the influence of inertia.

In the state where the objective lens 27 is deviated from the normal position in
this manner, appropriate recording/reproduction of signals to/from the optical disc 11
cannot be carried out. The deviation of the objective lens 27 from the normal position
is eliminated with the lapse of a predetermined time period. However, if
recording/reproduction is carried out after the elimination of the deviation of the
objective lens 27, arelatively long ﬁmg is required until the recording/reproduction of
signals to/from a predetermined recording track on the optical disc 11 is started, thus
substantially obstructing the high-speed access property.

Thus, in the optical disc device 10 to which the present invention is applied, the
position of the objective lens 27 1s mstantaﬁeously recovered to realize the high-speed
access property, by detecting the deviation of the objective lens 27 from the normal
position as position information, then caﬁsing the servo control section 19 to drive the
biaxial actuator 28 of the optical pickup 20 on the basis of the position information of

the objective lens 27, and then carrying out so-called midpoint servo for correcting the



64
position deviation of the objective lens 27.

In the optical disc device 10 to which the present invention is applied, when the
position of the objective lens 27 with respect to the base 21 of the optical pickup 20
and the portion fixed thereto is deviated from the normal position indicated in Fig.8A
into the direction of radius of the optical disc 11 indicated by an arrow X in Figs.8B
and 8C, the spot of the return light beam incident on the optical member 43 of the
integrated optical element 40 from the second surface 43b is deviated on the hologram
48 into the direction corresponding to the direction of radius of the optical disc 11.

When the objective lens 27 is at the normal position, the hologram 48 is divided
into the two hologram areas 48b and 48c by the boundary 48a passing through the
optical axis O of the return light beam of the main beam incident on the opﬁéal
member 43, and the boundary 48a between the two hologram areas 48b and 48c¢ is
inclined at a predetermined angle so as not to coincide with the dﬁecﬁon
corresponding to the direction of radius of the optical disc 11.

Thus, when the position of the objective lens 27 with respect to the base 21 of
the optical pickup 20 and the portion fixed thereto is deviated mnto the direction of
radius of the optical disc 11 from the normal position, the return light beam of the
main beam incident on the hologram 48 is asymmetrically split by the boundary 48a
between the two hologram areas 48b and 48c of the hologram 48.

Specifically, when the objective lens 27 is at the normal position, the return light

beam of the main beam becomes uniformly incident on the two hologram areas 48b
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and 48c of the hologram 48 and split into two parts substantially uniformly by the
boundary 48a between the two hologram areas, as shown in Fig.8A. |

On the other hand, when the position of the objective lens 27 is deviated into
the direction of radius of the optical disc 11, the part of the return light beam of the
main beam which is incident on one hologram area 48b of the hologram 48 is smaller
than the part incident on the other hologram area 48c, as shown in Fig.8B, or the part
of'the return light beam of the main beam which is incident on the other hologram area
48c of the hologram 48 is smaller than the part incident on the one hologram area 48b,
as shown in Fig.8C. Thus, the return light beam of the main beam is asymmetrically
split by the boundary 48a between the two hologram areas 48b and 48c.

Of the respective parts of the return light beam of the main beam
asymmetrically split by the boundary 48a between the two hologram areas 48b and 48¢
of the hologram 48, the part diffracted by the one hologram area 48b of the hologram
48 is received by the light-receiving sections Al and A2 on one side of the division
line d4 of the light-receiving section A of the photodetector IC 44, and the part
diffracted by the othqr hologram area 48c is received by the light-receiving sections
A3 and A4 on the other side of the division line d4 of the light-receiving section A.

Thus, when the position of the objective lens 27 is deviated into the direction
of radius of the optical disc 11 and the part of the return light beam of the main beam
which is incident on the one hologram area 48b of the hologram 48 is smaller than the

part incident on the other hologram area 48c, as shown in Fig.8B, a dark spot is formed
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on the light-receiving sections Al and A2 on the one side of the division line d4 of the
light-receiving section A ofthe photodetector IC 44, and a bright spot is formed on the
light-receiving sections A3 and A4 on the other side of the division line d4 of the light-
receiving section A of the photodetector IC 44. Then, by finding the difference m the
light quantity between the light received by the light-receiving sections Al and A2 and
the light received by the light-receiving sections A3 and A4, the position information
of the objective lens 27 cén be detected.

Meanwhile, when the position of the objective lens 27 is deviated into the
direction of radius of the optical disc 11 and the part of the return light beam of the
main beam which is incident on the other hologram area 48¢ of the hologram 48 is
smaller than the part incident on the one hologram area 48¢, as shown in Fig.8C, a dark
spot is formed on the light-receiving sections A3 and A4 on the other side of the
division line d4 of the light-receiving section A of the photodetector IC 44, and a
bright spot is formed on the light-receiving sections Al and A2 on the one side of the
division line d4 of the light-receiving sectioﬂ A of the photodetector IC 44. Then, by
finding the difference in the light quantity between the light received by the light-
receiving sections Al and A2 and the light received by the light-receiving sections A3
and A4, the position information of the objective lens 27 can be detected.

In the optical disc device 10 to which the present invention is applied, a signal
indicating the position information of the objective lens 27 is generated by carrying oﬁt

predetermined arithmetic processing by the signal processing circuit 15 based on the
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light-receiving signals from the light-receiving sections Al, A2, A3 and A4 of the
photodetector section.

The signal S1 indicating the position information of the objective lens 27 is
found by the signal processing circuit 15 carrying out arithmetic processing with
respect to the following equation (11), where SA1, SA2, SA3 and SA4 represent the
light-receiving signals based on the return light beam of the main beam received by the
light-receiving sections Al, A2, A3 and A4, respectively, of the photodetector section
of the photodetector IC 44.

S1=(SA1+SA2) - (SA3+SA4) (D

The signal S1 indicating the position information of the objective lens 27,
generated by the signal processing circuit 15, is supplied to the servo control section
19 via the optical disc controller 14.

Under the éontrol of the optical disc controller 14, the servo control section 19
drives the biaxial actuator 28 of the optical pickup 20 on the basis of the signal S1
indicating the position information of the objective lens 27.

As the biaxial actuator 28 is driven by the servo control section 19 in response
to the signal S1 indicating the position information of the objective lens 27, the biaxial
actuator 28 carries out midpoint servo for minutely moving the objective lens 27 hel&
by the lens holding section 31 into the direction of radius of the optical disc 11 so as
to instantaneously correct the position deviation of the objective lens 27 with respect

to the base 21 of the optical pickup 20 and the portions fixed thereto, and thus controls
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the objective lens 27 to be located constantly at the normal position.

In the optical disc device 10 to which the present invention is applied, since the
access operation of the optical pickup 20 is carried out while the midpoint servo is
carried out as described above, the high-speed access property is realized.

Also, in the optical disc device 10 of this embodiment, since the focusing error
signal FE1 is detected by the so-called Foucault method, the spot of the return light
beam formed on the light-receiving section of the photodetector IC 44 has a small
diameter. Therefore, it is possible to reduce the distance between the respective spots
when the main beam and two side beams generated by splitting by the grating 47 are
cast onto the signal recording surface of the optical disc 11. Thus, the tolerance of the
angle made by the direction of the recording track on the optical disc 11 and the line
connecting the respective spots can be increased, and appropriate tracking servo and
hence accurate signal recording/reproduction can be carried out even in the case where
any defect such as scratch is generated on the optical disc 11.

Second Embodiment

Another embodiment of the optical disc device to which the present invention
is applied will now be described. This optical disc device has the structure similar to
that of the first embodiment except for the optical member of the integrated optical
element, which is slightly different from that of the optical disc of the first
embodiment. Therefore, the parts similar to those of the first embodiment are denoted

by the same numerals and will not be described further in detail. Only the parts
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different from those of the first embodiment will be described in detail.

" In the optical disc device 10 of the second embodiment, an optical pickup 20
has an integrated optical element 50 as shown in Fig.9. The integrated optical element
50 shown in Fig.9 has the structure similar to that of the integrated optical element 40
of the first embodiment, except for an optical member 51 in place of the optical
member 43 of the integrated optical element 40 of the first embodiment.

The optical member 51 is formed in a parallel-plate shape made of a transparent
plastic material or glass and having a first surface 51a and a second surface 51b which
are parallel to each other. This optical member 51 is joined onto a package member
45 50 as to close an aperture 45a of the package member 45 by the first surface 51a.

On the first surface 51a of the optical member 51, a grating 47 as light beam
splitting means is integrally formed at a position on the optical path of the light beam
which is reflected by a prism 42 and incident on the optical member 51.

This grating 47, similar to the grating 47 of the integrated opﬁéal element 40 of
the first embodiment, has a plurality of grooves extending in a direction slightly
inclined with respect to the direction corresponding to the direction of radius of the
optical disc 11. The grating 47 has a function to split the light beam incident on the
optical member 51 into a plurality of beams including at least a main beam made up
of a Oth-order diffracted light and two side beams made up of plus and minus 1st-order
diffracted lights by the diffraction effect of these grooves.

On the second surface 51b of the optical member 51, a hologram 52 as optical
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path branching means is integrally formed at a position on the optical path of the
return light beam which is reflected by the signal recording surface of the optical disc
- 11, then passed through an objective lens 27 and incident again on the optical member
51

Unlike the hologram 48 of the integrated optical element 40 of the first
embodiment, this hologram 52 as a whole is one .hologram area. This hologram area
is made of a holographic grating constituted by a plurality of grooves extending in a
direction inclined at approximately -45 degrees with respect to the direction
corresponding to the direction of radius of the optical disc 11 indicated by an arrow
X, as shown in Fig.10.

This hologram 52 directly transmits the light beam incident on the optical
member 51 from the first surface 51a, that is, the light beam directed toward the
optical disc 11, and diffracts the light beam incident on the optical member 51 from
the second surface 51b, that is, the return light beam reflected by the signal recording
surface of the optical disc 11, into the direction toward a photodetector IC 44.

As the return light beam reflected by the signal recording surface of the optical
disc 11 is diffracted by the hologram 52 into tﬁe direction toward the photodetector IC
44, the optical path of the return light beam is separated from the optical path of the
light beam incident on the optical member 51 from the first surface Sla.

Also, on the first surface S1a of the optical member 51, a Foucault prism 53 as

return light beam splitting means is integrally formed at a position on the optical path
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| of the return light beam diffracted by the hologram 52, as shown in Figs.10 and 11.

This Foucault prism 53 includes two surfaces 53a and 53b which have different
normal vectors. In this Foucault prism 53, a boundary 53¢ between the two surfaces
53a and 53b is formed on the first surface 51a of the optical member 51 so as to pass
through the center of the return light beam of the main beam diffracted by the
hologram 52 and so as not to coincide with the direction corresponding to the direction
of radius of the optical disc 11, that is, so as to be inclined at a predetermined
inclination with respect to the direction corresponding to the direction of radius of the
optical disc 11. Specifically, the boundary 53¢ between the two surfaces 53a and 53b
of the Foucault prism 53 is inclined at approximately 45 degrees with respect to the
direction corresponding to the direction of radius of the optical disc 11, as shown in
Fig.10.

In Fig.10, it is assumed that the direction corresponding to the direction of
radius of the optical disc 11 is the same as the direction of radius of the optical disc 11.

Of the two surfaces 53a and 53b of the Foucault prisin 53, the normal vector of
the one surface 53a forms the same angle as the diffraction angle of the hologram 52,
with respect to the normal vector of the other surface 53b. Moreover, the normal
vector of the other surface 53b has the same component as the normal vector of the
first surface 51a of the optical member 51.

The return light beam, diffracted by the hologram 52 and incident on the

Foucault prism 53, is split into two beams by the boundary 53¢ between.the two
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surfaces 53a and 53b of the Foucault prism 53, and a portion incident on the one
surface 53a and a portion incident on the other surface 53b travel into different
directions and are directed toward different positions on the photodetector IC 44.

Thus, in the optical pickup 20 having this integrated optical element 50, as the
mdividual portions of the return light beam generated by splitting by the boundary 53¢
between the two surfaces 53a and 53b of the Foucault prism 53 and directed toward
different positions on the photodetector IC 44 are received by the corresponding
portions of the light-receiving section of the photodetector IC 44, a focusing error
signal can be detected by the so-called Foucault method.

Also, since the boundary 53c between the two surfaces 53a and 53b of the
Foucault prism 53 is formed so as not to coincide with the direction corresponding to
the direction of radius of the optical disc 11, the position information of the objective
lens 27 can be detected by finding the difference in the light quantity of the return light
beam split by the boundary 53¢ between the two surfaces 53a and 53b of the Foucault
prism 53.

That is, in the case where the Foucault prism 53 is constituted as described
above, when the position of the objective lens 27 with respect to the optical member
51, that is, the position of the objective lens 27 with respect to the integrated optical
element 50 and the base 21 of the optical pickup 20 holding the integrated optical
element, is deviated into the direction of radius of the optical disc 11 from the normal

position, the return light beam passed through the objective lens 27, then diffracted by
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the hologram 52 and incident on the Foucault prism 53 is asymmetrically split by the
boundary 53¢ between the two surfaces 53a and 53b of the Foucault prism 53. The
respective parts of the return light beam generated by the asymmetrical splitting are
received by the corresponding portions of the light-receiving section of the
photodetector IC 44.

Therefore, in the optical pickup 20, the position deviation of the objective lens
27 into the direction of radius of the optical disc 11 can be detected by finding the
difference in the light quantity of the respective parts of the return light beam received
by the corresponding portions of the light-receiving section of the photodetector IC 44.

In the above description, the boundary 53¢ between the two surfaces 53a and
53b of the Foucault prism 53 is inclined at approximately 45 degrees with respect to
the direction corresponding to the direction of radius of the optical disc 11. However,
the angle of inclination of the boundary 53¢ with respect to the direction corresponding
to the direction of radius of the optical disc 11 may be suitably set within such a range
that a sensitivity necessary for detecting the position deviation of the objective lens 27
in the direction of radius of the optical disc 11 can be obtained.

The range which allows obtaining the sensitivity necessary for detecting the
position deviation of the objective lens 27 in the direction of radius of the optical disc
11 1s more or less dependent on the performance of the individual members
constituting the optical pickup 20. In general, as long as the boundary 53¢ is inclined

at 15 degrees or more with respect to the direction corresponding to the direction of
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radius of the optical disc 11, the sensitivity necessary for detecting the position
deviation of the objec.tive lens 27 in the direction of radius of the optical disc 11 can
be obtained satisfactorily.

Therefore, it is desired that the boundary 53¢ between the two surfaces 53a and
53b of the Foucault prism 53 is inclined at 15 degrees or more with respect to the
direction corresponding to the direction of radius of the optical disc 11.

The operation for reproducing the signals recorded on the optical disc 11 by
using the optical disc device 10 of the second embodiment constituted as descﬁbed
above will now be described.

In reproducing the signals recorded on the optical disc 11 by using the optical
disc device 10, first, the optical disc 11 is mounted on the spindle motor 12. Then, as
the spindle motor 12 is rotationally driven at a predetermined number of rotations
under the control of the optical disc controller 14, the optical disc 11 is rotated.

A light beam is emitted from the semiconductor laser element 41 provided in
the integrated optical element 50 of the optical pickup 20. Then, as the thread motor
of the head access control section 18 is driven under the control of the optical disc
controller 14, the optical pickup 20 is moved at a high speed in the direction of radius
of the optical disc 11 so as to access a predetermined recording track on the signal
recording surface of the optical disc 11.

The light beam emitted from the semiconductor laser element 41 is reflected by

the inclined surface 42a of the prism 42 and becomes incident on the optical member
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51 from its first surface 51a via the aperture 45a of the package member 45. The light
beam incident on the optical member 51 is split into a plurality of beams including a
main beam and two side beams by the grating 47 provided on the first surface Sla of
the optical member 51, then transmitted through the optical member 51, and emitted
from the integrated optical element 50.

The light beam emitted from the integrated optical element 50 is reflected by
the reflection surface 32a of the rise mirror 32 and becomes incident on the objective
lens 27. The light beam incident on the objective lens 27 is converged by the objective
lens 27 and then cast onto the predetermined recording track on the signal recording
surface of the optical disc 11. In this case, three beam spots are formed on the signal
recording surface of the optical disc 11 by the main beam and two side beams
generated by splitting by the grating 47.

The light b.eam cast onto the signal recording surface of the optical disc 11 is
reflected by the signal recording surface of the optical disc 11 so as to be a return light
beam including a signal componeﬁt, which is transmitted again through the objective
lens 27 and becomes incident on the optical member 51 from its second surface 51b.

The return light beam incident on the optical member 51 from its second surface
51b is diffracted by the hologram 52 formed on the second surface 51b of the optical
member 51, and the optical path of this return light beam is thus separated from the
optical path of the light beam incident on the optical member 51 from its first surface

51a.
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The return light beam, diffracted by the hologram 52 formed on the second
surface 51b of the optical member 51, is transmitted through the optical member 51
and is split into two beams by the Foucault prism 53 formed on the first surface Sla
of the optical member 51. The part incident on the one surface 53a of the Foucault
prism 53 and the part incident on the other surface 53b travel in different directions
in accordance with the normal vectors of the respective surfaces and are directed
toward different positions on the photodetector IC 44.

The two beams of the return light beam, generated by splitting by the Foucault
prism 53, become incident on the package member 45 via the aperture 45a of the
package member 45, then reach the photodetector IC 44, and are received respectively
by the light-receiving sections Al, A2, A3, A4, B and C of the photodetector section
of the photodetector IC 44.

Of the return light beams having reached the photodetector IC 44, return light
beams of the two side beams generated by splitting by the grating 47 are received
respectivel); by the light-receiving section B and the light-receiving section C of the
photodetector section.

Of the return light beams having reached the photodetector IC 44, a return light
beam of the main beam which is incident on the one surface 53a of the Foucault prism
53a is received by the light-receiving sections A3 and A4 on one side of the division
line d4 of the light-receiving section A. Of the return light beams having reached the

photodetector IC 44, a return light beam of the main beam which is incident on the
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other surface 53b of the Foucault prism 53 is received by the light-receiving sections
Al and A2 on the other side of the division line d4 of the light-receiving section A.

The return light beams received by the respective light-receiving sections Al,
A2, A3, A4, B and C of the photodetector section are detected as current valﬁes based
on the light quantities by these light-receiving sections Al, A2, A3, A4, Band C. The
current values based on the light quantities of the return light beams are converted to
voltage values by the voltage conversion circuit and are supplied as light-receiving
signals to the signal processing circuit 15.

Then, the signal processing circuit 15 carries out predetermined arithmetic
processing based on the light-receiving signals, thereby generating a reproduction
signal RF2. Also, a focusing error signal FE2 is generated by the so-called Foucault
method and a tracking error signal TR2 is generated by the so-called three-beam
method.

In the optical disc device 10 of this embodiment, as the signal processing circuit
15 carries out predetermined arithmetic processing based on the light-receiving signals,
a signal S2 indicating the position information of the objective lens is generated.

The reproduction signal RF2 is found by the signal processing circuit 15
carrying out arithmetic processing with respect to the following equation (12), where
SAl, SA2, SA3 and SA4 represent the light-receiving signals based on the return light
beam of the main beam received by the light-receiving sections Al, A2, A3 and A4 of

the photodetector section of the photodetector IC 44.
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RF2 = (SA1+SA2) + (SA3+SA4) . (12)

The reproduction signal RF2 generated by the signal processing circuit 15 is
processed by error correction and then transmitted to an external computer or the like
via the interface 17. Thus, the external computer or the like can receive the signal
recorded on the optical disc 11 as the rei:roduction signal.

The focusing error signal FE2 is found by the signal processing circuit 15
carrying out arithmetic processing with respect to the following equations (13), (14)
or {15), where SA1, SA2, SA3 and SA4 represent the light-receiving signals based on
the return light beam of the main beam received by the light-receiving sections Al, A2,

A3 and A4 of the photodetector section of the photodetector 1C 44.

FE2 = SA1-SA2 .. (13)
FE2 = SA3-SA4 . (14)
FE2 = (SA1+SA3) - (SA2+SA4) .. (15)

The tracking error signal TR2 is found by the signal processing circuit 15
carrying out arithmetic processing with respect to the following equation (16), where
SB and SC represent the light-receiving signals based on the return light beams of the
two side beams received by the light-receiving sections B and C of the photodetector
section of the photodetector IC 44,

TR2 = SB-SC -~ ..(16)
The focusing error signal FE2 and the tracking error signal TR2 generated by

the signal processing circuit 15 are supplied to the servo control section 19 via the
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optical disc controller 14.

On the basis of the focusing error signal FE2 and the tracking error signal TR2,
the servo control section 19 drives the biaxial actuator 28 of the optical pickup 20
under the control of the optical disc controller 14.

As the biaxial actuator 28 is driven by the servo control section 19 in
accordance with the focusing error signal FE2 and the tracking errof signal TR2, the
biaxial actuator 28 carries out focusing servo to minutely move the objective lens 27
held by the lens holding section 31 into the direction toward and away from the signal
recording surface of the optical disc 11, thus controlling the focal point of the light
beam converged by the objective lens 27 so as to be constantly located on the signal
recording surface of the optical disc 11. The biaxial actuator 28 also carries out
tracking servo to minutely move the objective lens 27 held by the lens holding section
31 into the direction of radius of the optical disc 11, thus controlling the spot of the
light beam converged by the objective lens 27 so as to follow the recording track on
the optical disc 11.

By thus reading the reproduction signal while carrying out the focusing servo
and tracking servo, the optical disc device 10 can appropriately reproduce the signals
recorded on the optical ciisc 11 even in the case where the optical disc 11 is fluctuated
or tilted.

Meanwhile, in the case where the signals recorded on the optical disc 11 are to

be reproduced by this optical disc device 10, first the optical pickup 20 is moved at a
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high speed into the direction of radius of the optical disc 11 mounted on the spindle
motor 12 so as to access a predetermined recording track on the signal recording
surface of the optical disc 11, as described above. In this case, the tracking servo is
off,

The objective lens 27 of the optical pickup 20 is held by the lens holding section
31 movably supported to the fixed portion 29 of the biaxial actuator 28 via the
suspension 30, as described above. Therefore, when the optical pickup 20 is moved
at a high speed into the direction of radius of the optical disc 11, or when this
movement is stopped, the position of the objective lens 27 with respect to the fixed
portion 29, that is, the position of the objective lens 27 with réspect to the base 21 of
the optical pickup 20 and the portion fixed thereto is deviated into the direction of
radius of the optical disc 11 from the normal position, under the influence of inertia.

Thus, in the optical disc device 10 to which the present invention is applied, the
position of the objective lens 27 is instantaneously recovered to realize the high-speed
access property, by detecting the deviation of the objective lens 27 from the normal
position as position information, then causing thé servo control section 19 to drive the
biaxial actuator 28 of the optical pickup 20 on the basis of the position information of
the objective lens 27, and then carrying out so-called midpoint servo for correcting the
position deviation of the objective lens 27.

In the optical disc device 10 to which the present invention is applied, when the

position of the objective lens 27 with respect to the base 21 of the optical pickup 20
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and the portion fixed thereto is deviated from the normal position indicated in Fig. 12A
into the direction of radius of the optical disc 11 indicated by an arrow X in Figs.12B
and 12C, the spot of the return light beam diffracted by the hologram 52 formed on the
second surface 51b of the optical member 51 of the integrated optical element 50 is
deviated into the direction corresponding to the direction of radius of the optical disc
11, on the Foucault prism 53 formed on the first surface 51a of the optical member 51.

‘When the objective lens 27 is at the normal position, the Foucault prisﬁ 531is
divided into the two surfaces 53a and 53b by the boundary 53¢ passing through the
center of the return light beam of the main beam diffracted by the holdgram 52, and
the boundary 53¢ between the two surfaces 53a and 53b is inclined at a predetermined
angle so as not to coincide with the direction corresponding to the direction of radius
of the optical disc 11.

Thus, when the position of the objective lens 27 with respect to the base 21 of
the optical pickup 20 and the portion fixed thereto is deviated into the direction of
radius of the optical disc 11 from the normal position, the return light beam of the
main beam incident on the Foucault prism 53 is asymmetrically split by the boundary
53¢ between the two surfaces 53a and 53b of the Foucault prism 53.

Specifically, when the objective lens 27 is at the normal position, the return light
beam of the main beam becomes uniformly incident on the two surfaces 53a and 53b
of the Foucault prism 53 and split into two parts substantially uniformly by the

boundary 53¢ between the two surfaces, as shown in Fig.12A.
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On the other hand, when the position of the objective lens 27 is deviated into
the direction of radius of the optical disc 11, the part of the return light beam of the
main beam which is incident on the one surface 53a of the Foucault prism 53 is greater
than the part incident on the other surface 53b, as shown in Fig.12B, or the part of the
return light beam of the main beam which is incident on the other surface 53b of the
Foucault prism 53 is greater than the part incident on the one surface 53a, as shown
in Fig.12C. Thus, the return light beam of the main beam is asymmetrically split by
the boundary 53¢ between the two surfaces 53a and 53b.

Of the respective parts of the return light beam of the main beam
asymmetrically split by the boundary 53¢ between the two surfaces 53a and 53b of the
Foucault prism 53, the part incident on the one surface 53a of the Foucault prism 53
is received by the light-receiving sections A3 and A4 on one side of the division line
d4 of the light-receiving section A of the photodetector IC 44, and the part incident on
the other surface 53b of the Foucault prism 53 is received by the light-receiving
sections Al and A2 on the other side of the division line d4 of the light-receiving
section A.

Thus, when the position of the objective lens 27 is deviated into the direction
of radius of the optical disc 11 and the part of the return light beam of the main beam
which is incident on the one surface 53a of the Foucault prism 53 is greater than the
part incident on the other surface 53b, as shown in Fig.12B, a dark spot is formed on

the light-receiving sections Al and A2 on the one side of the division line d4 of the
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light-receiving section A of the photodetector IC 44, and a bright spot is formed on the
Iight-reéeiving sections A3 and A4 on the other side of the division line d4 of the light-
receiving section A of the pl_lotodetector IC 44. Then, by finding the difference in the
light quantity between the light received by the light-receiving sections Al and A2 and
the light received by the light-receiving sections A3 and A4, the position information
of the objéctive lens 27 can be detected.

Meanwhile, when the position of the objective lens 27 is deviated into the
direction of radius of the optical disc 11 and the part of the return light beam of the
main beam which is incident on the other surface 53b of the Foucault prism 53 is
greater than the part incident on the one surface 53a, as shown in Fig.12C, a dark spot
is formed on the light-receiving sections A3 and A4 on the other side of the division
line d4 of the light-receiving section A of the photodetector IC 44, and a bright spot
is formed on the light-receiving sections Al and A2 on the one side of the division line
d4 of the light-receiving section A of the photodetector IC 44. Then, by finding the
difference in the light quantity between the light received by the light-receiving
sections Al and A2 and the light received by the light-receiving sections A3 and A4,
the position information of the objective lens 27 can be detected.

In the optical disc device 10 of this embodiment, a signal indicating the position
mformation of the objective lens 27 is generated by carrying out predetermined
arithmetic processing by the signal processing circuit 15 based on the light-receiving

signals from the light-receiving sections Al, A2, A3 and A4 of the photodetector
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section.

The signal S2 indicating the position information of the objective lens 27 is
found by the signal processing circuit 15 carrying out arithmetic processing with
respect to the following equation (17), where SA1, SA2, SA3 and SA4 represent the
light-receiving signals based on the return light beam of the main beam received by the
light-receiving sections Al, A2, A3 and A4, respectively, of the pbotodetector section
of the photodetector IC 44,

S2 = (SA1+SA2) - (SA3+SA4) .. (17)

The signal S2 indicating the position information of the objective lens 27,
generated by the signal processing circuit 15, is supplied to the servo control section
19 via the optical disc controller 14,

Under the control of the optical disc controller 14, the servo control section 19
drives the biaxial actnator 28 of the optical pickup 20 on the basis of the signal S2
indicating the position information of the objective lens 27.

| As the biaxial actuator 28 is driven by the servo control section 19 in response
to the signal S2 indicating the position information of the objective lens 27, the biaxial
actuator 28 carries out midpoint servo for minutely moving the objective lens 27 held
by the lens holding section 31 into the direction of radius of the optical disc 11 so as
to instantaneously correct the position deviation of the objective lens 27 with respect
to the base 21 of the optical pickup 20 and the portions fixed thereto, and thus controls

the objective lens 27 to be located constantly at the normal position.
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In the optical disc device 10 of this embodiment, since the access operation of
the optical pickup 20 is carried out while the midpoint servo is carried out as described
above, the high-speed access property is realized.

Also, in the optical disc device 10 of this embodiment, since the focusing error
signal FE2 is detected by the so-called Foucault method, the spot of the return light
beam formed on the light-receiving. section of the photodetector IC 44 has a small
diameter. Therefore, it is possible to reduce the distance between the respective spots
when the main beam and two side beams generated by splitting by the grating 47 are
cast onto the signal recording surface of the optical disc 11. Thus, the tolerance of the
angle made by the direction of the recording track on the optical disc 11 and the line
connecting the respective spots can be increased, and appropriate tracking servo and
hence accurate signal recording/reproduction can be carried out even in the case where
any defect such as scratch is generated on the optical disc 11.

Third Embodiment

Still another embodiment of the optical disc device to which the present
invention is applied will now be described. This optical disc device has the basic
structure similar to that of the optical disc device 10 of the first embodiment and is
characterized in that it is adapted to detect a tracking error signal by a so-called push-
pull method.

Therefore, in the following description, only this characteristic point will be

described. The parts similar to those of the first embodiment are denoted by the same
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numerals and will not be described further in detail.

In the optical disc device 10 of the third embodiment, an optical pickup 20 has
an integrated optical element 60 as shown in Fig. 13.. The integrated optical element
60 shown in Fig.13 has the structure similar to that of the integrated optical element
40 of the first embodiment, except for an optical member 61 in place of the optical
member 43 of the integrated optical element 40 of the first embodiment and for a
photodetector IC 62 in place of the photodetector IC 44 of the integrated optical
element 40 of the first embodiment.

The optical member 61 is formed in a parallel-plate shape made of a transparent
plastic material or glass and having a first surface 61a and a second surface 61b which
are parallel to each other. This optical member 61 is joined onto the package member
43 so as to close the aperture 45a of the package member 45 by the first surface 61a.

On the first surface 61a of the optical member 61, there is formed no grating 47
such as the one integrally formed on the first surface 43a of the optical member 43 of
the first embodiment is not formed. Therefore, a light beam incident on the optical
member 61 from its first surface 61a is transmitted through the optical member 61
without being split into a plurality of beams. |

On the second surface 61b of the optical member 61, a hologram 48 similar to
the one formed on the second surface 43b of the optical member 43 of the first
embodiment is integrally formed. -

This hologram 48 directly transmits the light beam incident on the optical
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member 61 from the first surface 61a, that is, the light beam directed toward the
optical disc 11, and diffracts the light beam incident on the optical member 61 from
the second surface 61b, that is, the return light beam reflected by the signal recording
surface of the optical disc 11, into the direction toward the photodetector IC 62.

As the return light beam reflected by the signal recording surface of the optical
disc 11 is diffracted by the hologram 48 into the direction toward the photodetector IC
62, the optical path of the return light beam is separated from the optical path of the
light beam incident on the optical member 61 from the first surface 61a.

This hologram 48 is bisected along a boundary 48a passing through the optical
axis O of the return light beam of the main beam and thus has two hologram areas 48b
and 48¢ in which holographic gratings of different main diffraction angles are formed,
respectively, as shown in Fig. 14, The holographic gratings of the two hologram areas
48b and 48c are constituted by a plurality of grooves extending in a substantially
perpendicular direction with respect to the boundary 48a. Therefore, the return light
beam incident on the hologram 48 is split into two beams by the boundary 48a of the
hologram 48, and a portion incident on the one hologram area 48b and a portion
incident on the other hologram area 48c are diffracted at different diffraction angles
into the direction along the boundary 48a. The diffracted beams are directed to
different positions on the photodetector IC 62 as beams forming substantially
semicircular spots as indicated by spots SP3 and SP4 in Fig. 14,

In the optical pickup 20, as the individual portions of the return light beam
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generated by splitting by the boundary 48a of the hologram. 48 and directed toward
different positions on the photodetector IC 62 are received by the corresponding
portions of the light-receiving section of the photodetector IC 62, a focuéing error
signal can be detected by the so-called Foucault method.

In the hologram 48, the boundary 48a between the two hologram areas 48b and
48c is inclined at a predetermined inclination with respect to the direction
corresponding to the direction of radius of the optical disc 11 so that the boundary |
does not coincide with the direction corresponding to the direction of radius of the
optical disc 11 indicated by an arrow X in Fig.14. Specifically, the boundary 48a
between the two hologram areas 48b and 48c of the hologram 48 is inclined at
approximately 45 degrees with respect to the direction corresponding to the direction
of radius of the optical disc 11.

In Fig.14, to simplify the description, the direction corresponding to the
direction of radius of the optical disc 11 is the same as the direction of radius of the
optical disc 11.

As described above, in the case where the boundary 48a between the two
hologram areas 48b and 48c of the hologram 48 is not coincident with the direction
corresponding to the direction of radius of the optical disc 11, when the position of the
objective lens 27 with respect to the optical mémber 61, that is, the position of the
objective lens 27 with respect to the integrated optical element 40 and the base 21 of

the optical pickup 20 holding the integrated optical element, is deviated into the
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direction of radius of the optical disc 11 from the normal position, the return light
beam passed through the objective lens 27 and incident on the hologram 48 is
asymmetrically split by the boundary 48a between the two hologram areas 48b and 48¢
of the hologram 48. The respective parts of the return light beam generated by the
asymmetrical splitting are received by the corresponding portions of the light-receiving
section of the photodetector IC 62.

Thus, in the optical pickup 20, the position deviation of the objective lens 27 in
the direction of radius of the optical disc 11 can be detected by finding the difference
in the light quantity of the respective parts of the retum light beam received by the
corresponding portions of the light-receiving section of the photodetector IC 62.

In the above description, the boundary 48a between the two hologram areas 48b
and 48¢ of the hologram 48 is inclined at approximately 45 degrees with respect to the
direction corresponding to the direction of radius of the optical disc 11. However, the
angle of inchination of the boundary 48a with respect to the direction corresponding
to the direction of radius of the optical disc 11 may be suitably set within such a range
that a sensitivity necessary for detecting the position deviation of the objective lens 27
in the direction of radius of the optical disc 11 can be obtained.

The range which allows obtaining the sensitivity necessary for detecting the
position deviation of the objective lens 27 in the direction of radius of the optical disc
11 is more or less dependent on the performance of the individual members

constituting the optical pickup 20, In general, as long as the boundary 48a is inclined
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at 15 degrees or more with respect to the direction corresponding to the direction of

radius of the optical disc 11, the sensitivity necessary for detecting the position

deviation of the objective lens 27 in the direction of radius of the optical disc 11 can
be obtained satisfactorily.

Therefore, it is desired that the boundary 48a between the two hologram areas
48b and 48c of the hologram 48 is inclined at 15 degrees or more with respect to the
direction corresponding to the direction of radius of the optical disc 11.

The photodetector IC 62 has a photodetector section for receiving the return
light beam diffracted by the hologram 48 and transmitted through the optical member
61, and a voltage conversion circuit for converting a current from the photodetector
section to a voltage. These section and circuit are integrated as one element.

The photodefector section of the photodetector IC 61 has, as shown in Fig.14,
four light-receiving sections D, E, F and G arranged by division lines which a.re parallel
to the boundary 48a between the two hologram areas 48b and 48¢ of the hologram 48,
that is, a division line d5 inclined at approximately 45 degrees with respect to the
direction corresponding to the direction of radius of the optical disc 11 and a division
line d6 orthogonal to the division line dS.

In the photodetector section of the photodetector IC 62, the light-receiving
sections D and E of these light-receiving sections on one side of the division line d6
receive a part of the return light beam which is diffracted by the one hologram area

48b of the hologram 48, and the light-receiving sections F and G on the other side of
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the division line d6 receive a part of the return light beam which is diffracted by the
other hologram area 48c¢ of the hologram 48.

In the photodetector IC 62, the current values based on the light quantities of
the return lights received by the light-receiving sections D, E, F and G of the
photodetector section are converted to voltage values by the voltage conversion circﬁit
and are supplied as 'light-receiving signals to the signal processing circuit 15 of the
optical disc device 10, Then, the signal processing circuit 15 carries out predetermined
arithmetic processing based on the light-receiving signals, thereby generating a
reproduction signal RF3, Also, a focusing error signal FE3 is generated by the so-
called Foucault method and a tracking error signal TR3 is generated by the so-called
push-pull method. Moreover, a signal S3 indicating the position information of the
objective lens 27 is generated.

The reproduction signal RF3 is found by the signal processing circuit 15
carrying out arithmetic processing with respect to the following equation (18), where
SD, SE, SF and SG represent the light-receiving signals based on the return light beam
of the main beam received by the light-receiving sections D, E, F and G of the
photodetector section of the photodetector IC 62.

RF3 = (SD+SE) + (SF+SG) .. (18)

The reproduction signal RF3 generated by the signal processing circuit 15 is

processed by error correction and theﬁ transmitted to an external computer or the like

via the interface 17. Thus, the external computer or the like can receive the signal
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recorded on the optical disc 11 as the reproduction signal.
The focusing error signal FE3 is found by the signal processing circuit 15

carrying out arithmetic processing with respect to the following equations (19), (20)

or (21).
FE3 =SD-SE .. (19)
FE3 = SF-SG .. (20)
FE3 = (SD+SF) - (SE+SG) ~(21)

The tracking error signal TR3 is found by the signal processing circuit 15

carrying out arithmetic processing with respect to the following equation (22).
TR3 = (SD+SE) - (SF+SG) .. (22)

The focusing error signal FE3 and the tracking error sfgnal TR3 generated by
the signal processing circuit 15 are supplied to the servo control section 19 via the
optical disc controller 14,

On the basis of the focusing error signal FE3 and the tracking error signal TR3,
the servo control section 19 drives the biaxial actuator 28 of the optical pickup 20 so
as to carry out focusing servo and tracking servo under the control of the optical disc
controller 14.

By thus reading the reproduction signal while carrying out the focusing servo
and tracking servo, the optical disc device 10 can appropriately reproduce the signals
recorded on the optical disc 11 even in the case where the optical disc 11 is fluctuated

or tilted.
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The signal S3 indicating the position information of the objective lens 27 is
found by the signal processing circuit 15 carrying out arithmetic processing with
respect to the following equation (23). |

S3 = (SD+SE) - (SF+SG) .. (23)

The signal S3 indicating the position information of the objective lens 27
generated by the signal processing circuit 15 is supplied to the servo control section
19 via the optical disc controller 14.

Under the control of the optical disc controller 14, the servo control section 19
drives the biaxial actuator 28 of the optical pickup 20 on the basis of the signal S3
indicating the position information of the objective lens 27.

As the biaxial actuator 28 is driven by the servo control section 19 in response
to the signal S3 indicating the position information of the objective lens 27, the biaxial
actuator 28 carries out midpoint servo for minutely moving the objective lens 27 held
by the lens holding section 31 into the direction of radius of the optical disc 11 so as
to instantaneously correct the position deviation of the objective lens 27 with respect
to the base 21 of the optical pickup 20 and the portions fixed thereto, and thus controls
the objective lens 27 to be located constantly at the normal position.

In the optical disc device 10 of this embodiment, since the access operation of
the optical pickup 20 is carried out while the midpoint servo is carried out as described
above, the high-speed access property is realized.

Also, in the optical disc device 10 of this embodiment, since the tracking error
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signal TR3 can be detected by the so-called push-pull method, the grating 47 for
splitting a light beam and the light-receiving sections for receiving side beams split by
the grating 47 are no longer necessary, thus enabling simplification of the structure.

As described above, in the optical disc device to which the present invention is
applied, the position deviation of the objective lens 27 at the time of access operation
or the like of the optical pickup 20 is detected, and the midpoint servo is carried out
for minutely moving the objective lens 27 in the direction of radius of the optical disc
11 so as to instantaneously correct the position deviation of the objective lens 27 with
respect to the base 21 of the optical pickup 20 and the portions fixed thereto.
Therefore, the accuracy and stability of the access operation of the optical pickup 20
can be secured and the high-speed access property can be realized.

Also, in the optical disc device 10 to which the present invention is applied, the
position deviation of the objective lens 27 is detected by using the hologram 48 or the
Foucault prism 62 ofthe optical pickup 20 for generating a focusing error signal by the
Foucault method, without separately providing any means for detecting the position
deviation of the objective lens 27. Therefore, the position deviation of the objective
lens can be detected appropriately and simply, and the high-speed access property can
be realized without causing the increase in the number of component parts, the
increase in size of the device itself and the rise in cost.

Moreover, in the optical disc device 10 to which the present invention is

applied, the center light-receiving section of the photodetector IC 44, 62 is divided by
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the division line d3, d5 parallel to the boundary 48a of the hologram 48 or the
boundary 53a of the Foucault prism 53, and the respective parts of the return light
beam of the main beam split by the hologram 48 are received by the two light-
receiving sections generated by division by the division line d3, d5 parallel to the
boundary 48a of thé hologram 48 or the boundary 53a of the Foucault prism 53.
Therefore,. for example, even when the position on the photodetector IC 44, 62 of the
return light beam spot of the light beam in the focused state is slightly changed in the
case where a change of the oscillation wavelength is generated in the semiconductor
laser element 41 or in the case where a change in the refractive index is generated in
the optical member 43, 51, 61 because of a temperature change, it is possible to
effectively restrain generation of any deviation of the signal level of a focusing error
signal due to the position change of the return light beam spot, and to detect an
appropriate focusing error signal.

Also, in the optical disc device 10 to.which the present invention is applied, the
grating 47 as the light beam splitting means, the hologram 48, 52 as the optical path
branching means, and the Foucault prism 53 és the return light beam splitting means
are integrally formed in the optical member 43, 51, 61. Therefore, alignmexit of these
members is not necessary. Thus, it is possible to simplify the operation of assembling
the optical pickup 20 and to reduce the number of component parts and the cost.

The optical member 43, 51, 61 can be easily prepared by injection-molding of

a resin material or by glass press molding.
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In the optical disc device 10 to which the present invention is applied, the
semiconductor laser element 41 of the optical pickup 20, the photodetector IC 44, 62,
and the optical member 43, 51, 61 are constituted as the integrated optical element 40,
50, 60. Therefore, alignment of these members is not necessary. Thus, it is possible
to further simplify the operation of assembling the optical pickup 20 and to further
reduce the number of component parts and the cost. Also, reduction in size and
thickness of the overall device can be realized.

In the above description, the optical disc device has an optical pickup of a non-
polarization optical system for recording/reproducing signals to/from a compact disc
(CD) or a CD-ROM. However, this invention is not limited to the above-described
embodiments and can also be applied an optical disc device having an optical pickap
of a polarization optical system for recording/reproducing signals to/from a magneto-
optical disc (MO) or the like.

Industrial Applicability

According to the integrated optical element of the present invention, since the
position deviation of the light beam converging means with respect to the integrated
optical element at the time of access to a desired recording track on the optical disc
can be detected, the optical pickup using this integrated optical element can realize the
high-speed access property.

Also, in this integrated optical element, the optical path branching means or the

return light beam splitting means is used for detecting the position deviation of the
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light beam converging means with respect to the integrated optical element, instead of
additionally providing any means for detecting the position deviation of the light beam
converging means. Therefore, the optical pickup using this integrated optical element
can realize the high-speed access property by appropriately and simply detecting the
position deviation of the light beam converging means, without causing the increase
in the number of components, the increase in the size of the device itself and the rise
in cost.

According to the optical pickup of the present invention, since the position
deviation of the light beam converging means with respect to the optical member at the
time of access to a desired recording track on the optical disc can be detected, the
position of the light beam converging means can be instantaneously recovered to
secure the accuracy and stability of the access operation and to realize the high-speed
access property.

Also, in this optical pickup according to the present invention, the optical path
branching means or the return light beam splitting means is used for detecting the
position deviation of the light beam converging means with respect to the optical
member, instead of additionally providing any means for detecting the position
deviation of the light beam converging means. Therefore, the optical pickup can
realize the high-speed access property by appropriately and simply detecting the
position deviation of the light beam converging means, without causing the increase

in the number of components, the increase in the size of the device itself and the rise
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in cost.
According to the optical disc device of the present invention, since the position
deviation of the light beam converging means with respect to the optical member at the
time when causing the optical pickup to access a desired recording track on the optical
disc can be detected, the position of the light beam converging means can be
instantaneously recovered to secure the accuracy and stability of the access operation
and to realize the high-speed access property.

" Also, in this optical disc device according to the present invention, the optical
path branching means or the return light beam splitting means of the optical pickup is
used for detecting the position deviation of the light beam converging means with
respect to the optical member, instead of additionally providing any means for

detecting the position deviation of the light beam converging means. Therefore, the
optical disc device can realize the high-speed access property by appropriately and
simply detecting the position deviation of the light beam converging means, without
causing the increase in the number of components, the increase in the size of the

device itself and the rise in cost.
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1. An integrated optical element used for an optical pickup for carrying out
recording and/or reproduction of signals by irradiating a signal recording surface of
an optical disc with a light beam, comprising:

a light source for emmg the light beam;

a photodetector having a light-receiving section for receiving a return light beam
reflected by the signal recording surface of the optical disc;

a package member for housing the light source and the photodetector therein,;

an optical member arranged on the package member for transmitting the light
beam emitted from the light source and for transmitting the return light beam directed
toward the photodetector;

optical path branching means made up of a hologram integrally formed with the
optical member for separating the optical path of the light beam emitted from the light
source and the optical path of the return light beam directed toward the photodetector;
and

light beam splittiﬁg means integrally formed with the optical member for
diffracting the light beam directed toward the optical disc and for splitting the light
beam into a plurality of beams including a main beam and two side beams;.

the optical path branching means having at least two diffraction areas for
diffracting the return light beam reflected by the signal recording surface of the optical

disc, into different directions, respectively, the boundary between the diffraction areas
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being inclined at a predetermined angle with respect to the direction corresponding to
the direction of radius of the optical disc;

at least one light-receiving section of the photodetector being divided into a
portion for receiving a return light beam diffracted by one diffraction area of the
optical path branching means and a portion for receiving a return light beam diffracted
by the other diffraction area.
2. (Deleted) -
3. (Deleted)
4. The integrated optical element as claimed in claim 1, wherein the optical
member has a surface on which the light beam emitted from the light source is incident
and a second surface which is substantially parallel to the first surface and on which
the return light beam reflected by the signal recording surface of the optical disc is
mcident, and

wherein the hologram as the optical path branching means is formed on the
second surface.
5. The integrated optical element as claimed in claim 4, wherein light beam
spliting means for diffracting the light beam directed toward the optical disc and for
splitting the light beam into a plurality of beams including a main beam and two side
beams is formed on the first surface of the optical member.
6. The integrated optical element as claimed in claim 1, wherein the optical path

branching means is formed so that the boundary between the diffraction areas is
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inclined at 15 degrees or more with respect to the direction corresponding to the
direction of radius of the optical disc.
7.  Theintegrated optical element as claimed in claim 1, wherein at least one light-
receiving section of the photodetector is divided by a division lines substantially
parallel to the boundary between the diffraction areas of the optical path branching
means.
8. An integrated optical element used for an optical pickup for carrying out
recording and/or reproduction of signals by irradiating a signal recording surface of
an optical disc with a light beam, comprising:

a light source for emitting the light beam;

aphotodetector having a light-receiving section for receiving areturn light beam
reflected by the signal recording surface of the optical disc;

a package member for housing the light source and the photodetector therein;

an optical member arranged on the package member for transmitting the light
beam emitted from the light source and for transmitting the return light beam directed
toward the photodetector; |

optical path branching means integrally formed with the optical member for
separating the optical path of the light beam emitted from the light source and the
optical path of the return light beam reflected by the signal recording surface of the
optical disc; and

return light beam splitting means integrally formed with the optical member for
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splitting the return light beam passed through the optical path branching means into
at least two beams;

the return light beam splitting means having at least two surfaces having
different normal vectors, the boundary between these surfaces being inclined at a
predetermined angle with respect to a direction corresponding to the direction of radius
of the optical disc;

at least one light-receiving section of the photodetector being divided into a
portion for receiving one return light beam generated by the return light beam splitting
means and a portion for receiving the other return light beam.
9. The integrated optical element as claimed in claim 8, wherein the optical path
branching means is made of a hologram formed on the surface of optical member.
10. The integrated optical element as claimed in claim 8, wherein light beam
splitting means for diffracting the light beam directed toward the optical disc and for
splitting the light beam into a plurality of beams including a main beam and.two side
beams is formed integrally with the optical member.
11. The integrated optical element as claimed in claim 9, wherein the optical
member has a surface on which the light beam emitted from the light source is incident
and a second surface which is substantially parallel to the first surface and on which
_ the return light beam reflected by the signal recording surface of the optical disc is
incident, and

wherein the retum light beam splitting means is formed on the first surface and
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the hologram as the optical path branching means is formed on the second surface.
12. The integrated optical element as claimed in claim 11, wherein light beam |
splitting means for diffracting the light beam directed toward the optical disc and for
splitting the light beam into a plurality of beams including a main beam and two side
beams is formed on the first surface of the optical member.
13.  The integrated optical element as claimed in claim 8, wherein the optical path
branching means is formed so that the boundary is inclined at 15 degrees or more with
respect to the direction corresponding to the direction of radius of the optical disc.
14.  The integrated optical element as claimed in claim 8, wherein at least one light-
receiving section of the photodetector is divided by a division line substantially parallel
to the boundary of the return light beam splitting means.
15.  An optical pickup for carrying out recording and/or reproductiog of signals by
irradiating a signal recording surface of an optical disc with a light beam, comprising:

a light source for emitting the light beam;

light beam converging means for converging the light beam emitted from the
light source and for irradiating the signal recording surface of the optical disc with the
converged light beam;

a photodetector having a light-receiving section for receiving areturn light beam
reflected by the signal recording surface of the optical disc;

an optical member arranged between the light source and photodetector on one

side and the light beam converging means on the other side, for transmitting the light
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beam emitted from the light source and for transmitting the return light beam directed
toward the photodetector;

optical path branching means made up of a hologram integrally formed with the
optical member for separating the optical path of the light beam emitted from the light
source and the optical path of the return light beam directed toward the photodetector;

light beam splitting means integrally formed with the optical member for
diffracting the light beam directed toward the optical disc and for splitting the light
beam into a plurality of beams including a main beam and two side beams; and

a biaxial actuator for moving the light beam converging means into biaxial
directions, that is, the direction of radius of the optical disc and the direction toward
and away from the optical disc;

the optical path branching means having at least two diffraction areas for
diffracting the return light beam reflected by the signal recording surface of the optical
disc, into different directions, respectively, the boundary between the diffraction areas
being inclined at a predetermined angle with respect to the direction corresponding to
the direction of radius of the optical disc;

at least one light-receiving section of the photodetector being divided into a
portion for receiving a return light beam diffracted by one diffraction area of the
optical path branching means and a portion for receiving a return light beam diffracted
by the other difﬁ'éction area.

16.  An optical pickup for carrying out recording and/or reproduction of signals by
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irradiating a signal recording surface of an optical disc with a light beam, comprising:

a light source for emitting the light beam;

light beam converging means for converging the light beam emitted from the
light source and for irradiating the signal recording surface of the optical disc with the
converged light beam;

aphotodetector having a light-receiving section for receiving a return light beam
reflected by the signal recording surface of the optical disc;

an optical member arranged between the light source and photodetector on one
side and the light beam converging means on the other side, for transmitting the light
beam emitted from the light source and for transmitting the return light beam directed
toward the photodetector;

optical path branching means integrally formed with the optical member for
separating the optical path of the light beam emitted from the light source and the
optical path of the return light beam reflected by the signal recording surface of the
optical disc;

return light beam splitting means integrally formed with the optical member for
splitting the return light beam passed through the optical path branching means into
at least two beams; and

a biaxial actuator for moving the light beam converging means into biaxial
directions, that is, the direction of radius of the optical disc and the direction toward

and away from the optical disc;
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the return light beam splitting means having at least two surfaces having
different normal vectors, the boundary between these surfaces being inclined at a
predetermined angle with respect to a direction corresponding to the direction of radius
of the optical disc; |

at least one light-receiving section of the photodetector being divided into a
portion for receiving one return light beam generated by the return light beam splitting
means and a portion for receiving the other return light beam.
17.  An optical disc device comprising:

disc rotating means for rotating an optical disc;

an optical pickup for carrying out recording and/or reproduction of signals by
irradiating with a light beam a signal recording surface of the optical disc rotated by
the disc rotating means;

a signal processing circuit for processing a detection signal from the optical
pickup; and

an access mechanism for moving the optical pickup in the direction of radius
of the optical disc;

the optical pickup compﬁsing a light source for emitting the light beam, light
beam converging means for converging the light beam emitted from the light source
and for irradiating the signal recording surface of the optical disc with the converged
light beam, a photodetector having a light-receiving section for receiving a return light

beam reflected by the signal recording surface of the optical disc, an optical member
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arranged between the light source and photodetector on one side and the light beam
converging means on the other side, for transmitting the light beam emitted from the
light source and for transmitting the return light beam directed toward the
photodetector, optical path branching means made up of a hologram integrally formed
with the optical member for separating the optical péth of the light beam emitted from
the light source and the optical path of the return light beam directed toward the
photodetector, light beam splitting means integrally formed with the optical member
for diffracting the light beam directed toward the optical disc and for splitting the light
beam into a plurality of beams including a main beam and two side beams, and a
biaxial actuator for moving the light beam converging means into biaxial directions,
that 1s, the direction of radius of the optical disc and the direction toward and away
from the optical disc;

the optical path branching means having at least two diffraction areas for
diffracting the return light beam reflected by the signal recording surface of the optical
disc, into different directions, respectively, the boundary between the diffraction areas
being inclined at a predetermined angle with respect to the direction corresponding to
the direction of radius of the optical disc;

at least one light-receiving section of the photodetector being divided into a
portion for receiving a return light beam diffracted by one diffraction area of the
optical path branching means and a portion for receiving a return light beam diffracted

by the other diffraction area.
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18.  An optical disc device comprising:

disc rotating means for rotating an optical disc;

an optical pickup for carrying out recording and/or reproduction of signals by
irradiating with a light beam a signal recording surface of the optical disc rotated by
the disc rotating means;

a signal processing circuit for processing a detection signal from the optical
pickup; and

- anaccess mechanism for moving the optical pickup in the direction of radius

of the optical disc;

the optical pickup comprising a light sourée for emitting the light beam, light
beam converging means for converging the light beam emitted from the light source
and for irradiating the signal recording surface of the optical disc with the converged
light beam, a photodetector having a light-receiving section for receiving a return light
beam reflected by the signal recording surface of the optical disc, an optical member
arranged between the light source and photodetector on one side and the light beam
converging means on the other side, for transmitting the light beam emitted from the
light source and for transmitting the return light beam directed toward the
photodetector, optical path branching means integrally formed with the optical
member for separating the optical path of the light beam emitted from the light source
and the optical path of the return light beam reflected by the signal recording surface

of the optical disc, return light beam splitting means integrally formed with the optical
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member for splitting the return light beam passed through the optical path branching
means into at least two beams, and a biaxial actuator for moving the light beam
converging means into biaxial directions, that is, the direction of radius of the optical
disc and the direction toward and away from the optical disc;

the return light beam splitting means having at least two surfaces baving
different normal vectors, the boundary between these surfaces being inclined at a
predetermined angle with respect to a direction corresponding to the direction of radius
of the optical disc;

at least one light-receiving section of the photodetector being divided into a
" portion for receiving one return light beam generated by the return light beam splitting

means and a portion for receiving the other return light beam.
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