
;ijklmne3eD4Dt6T4Hq)25 February 2003  TITLE OF THE INVENTION PHOTODETECTOR
UNIT, AND OPTICAL PICKUP OPTICAL REPRODUCTION APPARATUS, AND OPTICAL
RECORDING APPARATUS EQUIPPED WITH THE SAME 5 BACKGROUND OF THE INVENTION 1.
Field of the Invention The present =nvention relates to an optical
reproduction apparatus that is used to read information from optical
recording 10 media, an optical recording apparatus that is used to write
information onto optical recording media, an optical pickup, and a
photodetector unit. 2. Description of the Related Art 15 In recent years,
various standards adopting different physical. formats have been created
for optical recording media, For instance, optical recording media based on
different standards have different recording densities. This generates
demand for a mufti-standard optical reproduction apparatus 20 that can
reproduce various types of optical recording media having different
physical formats. A multi-standard optical reproduction apparatus, which
reproduces optical recording media having different recording densities, is
disclosed by Japanese Laid-Open Patent 25 Application No. H9-180212. In
this conventional optical reproduction apparatus,  ~aw~~~~~  



25 February 2003  a photodetector unit for receiving returning 1 fight
reflected by an optical recording medium includes a plurality of
photodetectors to obtain received light signals for a three-beam method and
received light signals for a differential phase 5 detection method. Here,
each of these methods is used to detect a tracking error signal for driving
a tracking servo. The three-beam method is used For low-density optical
recording media (conventional CD-ROMs), while the differential phase
detection method is used for high-density optical recording 10 media
(DVD-ROMs). The optical reproduction apparatus first receives a user's
specification showing whether an optical recording medium placed therein
has a high recording density. If the optical recording medium has a high
recording density, the 15 optical reproduction apparatus detects a tracking
error signal according to the differential phase detection method. If the
optical recording medium has a low recording density, the optical
reproduction apparatus detects a tracking error signal according to the
three-beam method. The optical reproduction 20 apparatus then drives its
tracking servo using the detected tracking error signal. By selectively
using the three-beam method and the differential phase detection method to
detect tracking error signals in this manner, the conventional optical
reproduction 25 apparatus reproduces both of low-density optical recording
media, such as CD-ROMS, and high-density optical recording 2   25 February
2003 media, such as DVD-ROMs. As described above, the conventional optical
reproduction apparatus is capable of reproducing optical 



recording media (such as CD-ROMs and DVD-ROMs) having different 5 recording
densities. However, it is difficult for this reproduction apparatus to
support other types of optical recording media that have recently y become
available . More specifically, because recent optical recording media adopt
various physical formats having different track J.0 pitches and different
track shapes (pit sequences or continuous grooves), it is difficult to
reproduce these optical recording media with a single optical reproduction
apparatus . As a result, a plurality of optical reproduction apparatuses
need to be used to reproduce the different types of optical recording 15
media, which puts an enormous economic burden upon consumers . The same
problem applies to optical recording apparatuses. SUMMARY OF THE INVENTION
The first object of the present invention is to provide 20 a photodetector
unit that is suitable for the =eproduction of or record=ag onto various
types of optical recording media that have different track shapes and
different track pitches. The second object of the present invention is to
provide an optical pickup that is equipped with the photodetector unit 25
and is capable of reproducing or recording onto various types of optical
recording media. The third object of the present 3   25 February 2003
invention is to provide an optical reproduction apparatus that is suitable
for the reproduction of various types of optical recording media. The
fourth object of the present invention is to provide an optical recording
apparatus that is suitable 5 for the recording onto various types of
optical recording media. The first object is achieved by a photodetector
unit for use with an optical pickup that irradiates an optical recording
medium with a laser beam and receives returning light reflected by the
optical recording medium, where the optical 



10 pickup is constructed to (1) divide the laser beam into a main beam. a
preceding sub-beam, and a succeeding sub-beam, (2) direct the main beam,
the preceding sub-beam, and the succeeding sub-beam toward the optical
recording medium, and (3) divide returning lights of the main beam, the
preceding sub-beam, 15 and the succeeding sub-beam respectively into
first-fourth main returning lights, first-fourth preceding returning
lights, and first-fourth succeeding returning lights, and the photodetector
unit includes: first-fourth main photodetectors that respectively receive
the first-fourth main returning 20 lights; first-fourth preceding
photodetectors that respectively receive the first-fourth preceding
returning lights: and first-fourth succeeding photodetectors that
respectively receive the first-fourth succeeding returning lights. 25 This
construction allows the photodetector unit to detect at least three types
of tracking error signals by combining 4   25 February 2003 the received
light signals from a plurality of photodetector groups. Therefore. the
optical pickup equipped with this photodetector unit appropriately drives
the focusing servo and tracking servo according to the tracking error
signal 5 corresponding to the type of the optical recording medium. Here,
the first-fourth main photodetectors may be arranged in a virtually
straight line, and each of the first-fourth main photodetectors may include
at least two photodetecting portions arranged perpendicular to an 10
arrangement direction of the first-fourth main photodetectors. The
photodetector unit may further include: a first wiring group that includes
first signal Lines and transmits a received light signal used to perform a
push-pull method, the first signal lines being respectively connected to
the photodetecting 15 portions of the first-fourth main photodetectors, the
first-fourth preceding photodetectors, and the first-fourth succeeding
photodetectors: a second wiring group that includes second signal lines and
transmits a received light signal used to perform a differential phase
detection method, the second 20 signal lines being respectively connected
to the photodetecting portions of the first-fourth main photodetectors; and
a third wiring group that includes third signal lines and transmits a
received light signal used to perform a three-beam method, the third signal
lines being respectively connected to the 25 first-fourth preceding
photodetectors and the first-fourth succeeding photodetectors. 5   25
February 2003 r 



With this construction, the first-third wiring groups output received light
signals respectively appropriate to the push-pull method, differential
phase detection method, and three-beam method that are tracking error
signal detection 5 methods. Here, the photodetector unit may further
include: a first circuit that generates a first tracking error signal from
the received light signal, which is transmitted from the first wiring
group, according to the push-pull method; a second 10 circuit that
generates a second tracking error signal. from the received light signal,
which is transmitted from the second wiring group, according to the
differential phase detection method; and a third circuit that generates a
third tracking error signal from the received light signal, which is
transmitted 15 from the third wiring group, according to the three-be am
method. With this construction, the first-third. circuits independently
generate the first-third tracking error signals according to the
push-pullmethod, differential phase detection method, and three-beam
method. 20 The first object is also achieved by a photodetector unit for
use with an optical pickup that irradiates an optical recording medium with
a laser beam and receives returning light reflected by the optical
recording medium, where the optical pickup is constructed to (1) divide the
laser beam into a main 25 beam, a preceding sub-beam, and a succeeding
sub-beam, (2) direct the main beam, the preceding sub-beam) and the
succeeding 6   25 February 2003 sub-beam toward the optical recording
medium, and (3) divide returning lights of the main beam, the preceding
sub-beam and the succeeding sub-beam respectively into first-fourth main
returning lights, first-fourth preceding returning lights, 5 and
first-fourth succeeding returning lights, and the photodetector unit
includes: first-fourth main photodetectors that are arranged in a virtually
straight line and respectively receive the first-fourth main returning
lights; first-fourth preceding photodetectors that are arranged in a
virtually 1.0 straight line and parallel to an array of the first-fourth
main photodetectors on a side of the array, the first-fourth preceding
photodetectors respectively receiving the first-fourth preceding returning
lights; first-fourth succeeding photodetectors that are arranged in a
virtually 15 straight line and parallel to the array of the first-fourth
main photodetectors on an opposite side of the array, the
first-fourthsucceeding photodetectors respectively receiving the
first-fourth succeeding returning lights; a current-voltage conversion
circuit group that converts current signals, Which 20 are obtained from the
photodetectors and correspond to received light amounts, into received
light signals representing voltage values corresponding to the received
light amounts; a first wiring group that transmits a first received light
signal group used to perform a push-pull, method, the first received light
25 signal group corresponding to photodetecting portions of the
first-fourth main photodetectors, the first-fourth preceding 7   



25 February 2003 photodetectors, and the first-fourth succeeding
photodetectors: a second wiring group that transmits a second received
light signal group used to perform a different=al phase detection method,
the second received light signal group 5 corresponding to the
photodetecting portions of the first-fourth main photodetectors; and a
third wiring group that transmits a third received light signal group used
to perform a three-beam method, the third received light signal group
corresponding to the first-fourth preceding ZD photodetectors and the
first-fourthsucceeding photodetectors, where the photodetectors, the
current-voltage conversion circuit group, and the Wiring groups are
integrally formed on a single semiconductor substrate. With this
construction, the optical reproduction 15 apparatus equipped with the
present photodetector unit is capable of using a plurality of tracking
error signal detection methods by combining the received light signals of
the photodetector groups. This allows the optical reproduction apparatus to
support various types of optical recording media 20 having different track
shapes and different track pitches, Also, because the photodetectors,
current-voltage conversion circuit group, and wiring groups are integrally
formed on the same semiconductor substrate with a semiconductor processing
technique, the photodetector unit is produced with high accuracy 25 and the
number of parts and cost of the photodetector unit are reduced. 8   25
February 2003 Here, a second semiconductor laser element may be further
provided on the substrate, the second semiconductor laser element emitting
a laser beam virtually perpendicular to the surface of the substrate, the
first and second semiconductor 5 laser elements emitting laser beams of
different wavelengths. With this construction, the photodetector unit uses
two semiconductor laser elements. This allows two types of tracking error
signals to be detected according to each tracking error signal detection
method. As a result, the number of 10 types of optical recording media
supported by the present photodetector unit is increased, and a
semiconductor laser element, which emits the laser beam of a wavelength
appropriate to the type of the optical recording medium, is selected during
recording or reproduction. 15 The second object stated above is achieved by
an optical pickup that irradiates an optical recording medium with a laser
beam and receives each returning light reflected by the optical recording
medium, including: a first semiconductor laser element that emits the laser
beam; a first diffraction grating 20 that divides the laser beam from the
first semiconductor laser element into a main beam, a preceding sub-beam.
and a succeeding sub-beam; a lens that has the main beam, preceding
sub-beam, and the succeeding sub-beam converge on the optical recording
medium; a second diffraction grating that is provided virtually 25 parallel
to the first diffraction grating and generates first-fourth main returning
lights, first-fourth preceding 9   25 February 2003 retu=ninglights,
andfirst-fourthsucceedingreturninglights by dividing each of returning
lights of the main beam, the preceding sub-beam, and the succeeding
sub-beam into a first half beam and a second half beam and dividing each of
the first 5 and second half beams into two beads; and a photodetector unit 



that includes first-fourth main photodetectvrs that respectively receive
the first-fourth main returning lights, first-fourth preceding
photodetectors that respectively receive the first-fourth preceding
retuxning lights, and 10 first-fourth succeeding photodetectors that
respectively receive the first-fourth succeeding returning lights, where
photodetecting surfaces of the photodetectors are arranged within virtually
the same plane, and the photodetector unit is arranged so that the
photodetecting surfaces are positioned 15 virtually parallel to the first
diffraction grating. With this construction, the optical reproduction
apparatus equipped with this optical pickup is capable of using a plurality
of tracking error signal detection methods by combining the received light
signals of the photodetector groups . 20 This achieves an optical pickup
that supports various types of optical recording media having different
track shapes and different track pitches. The third object stated above is
achieved by an optical reproduction apparatus that reads and reproduces
information 25 recorded on an optical recording medium by performing
tracking servoing for an optical pickup according to a tracking error 10
25 February 2003 signal, the optical reproduction apparatus including: a
detection unit for detec~ing first-third tracking error signals according
to different methods; a judging unit for judgi:~g which one of the
rirst-third tracking error signals is suitable 5 for a tracking servo
according to amplitude levels of the first-thirdtrackingerrorsignals
detected while the tracking servo is off; and a selection unit for
selecting one of the first-third tracking error signals for the track_ng
servo according to a judgement result of the judging unit. 10 By combining
the received light signals of the photodetector groups of the photodetector
unit, this optical reproduction apparatus is capable of using a plurality
of tracking error signal detection methods. With the constr:~ction stated
above, the optical reproduction apparatus selects a I5 tracking erxar
signal detection method, which is appropriate to the type of the optical
recording medium.. As a result, the optical. reproduction apparatus
precisely controls the focusing and tracking operations of the optical
pickup and reproduces information on the optical recording medium with 20
accuracy. The fourth object stated above is achieved by an optical
reco=ding apparatus that records information onto an optical recording
medium by performing tracking servoing for an optical pickup according to a
tracking error signal, the optical 25 recording apparatus including: a
detection unit for detecting first-third tracking error signals according
to different 11   25 February 2003 methods; a judging unit for judging
which one of the first-third tacking error signals is suitable for a
track=ng servo according to amplitude levels of the first-third tracking
error signals de tected while the tracking servo is of f; and a selection
unit 5 for selecting one of the first-third tracking error signals for the
tracking servo according to a judgement result of the j edging ;:nit . 



By combining the received light signals of the photodetector groups of the
photodetector unit, this optical 10 recording apparatus is capable of using
a plurality of tracking error signal detection methods. With the
construction stated above, the optical recording apparatus is capably of
selecting a tracking error signal detection method, which is appropriate to
the type of the optical recording medium. As a result, 15 the optical
recording apparatusprecisely controlsthe focusing and tracking operations
of the optical pickup and records information onto the optical recording
medium with accuracy. BRIEF DESCRTPTION OF THE DRAWINGS 20 These and other
objects, advantages and features of the invention will become apparent from
the following description thereof taken in conjunction with the
accompanying drawings which illustrate a specific embodiment of the
invention. In the drawings: 25 Fig. 1 is a block diagram showing the main
construction elements of an optical recording and reproduction apparatus 12
25 February 2003 according to the first embodiment of the present
invention; Fig. 2 is a long_tudinal sectional view of an optical pickup of
the optical recording and reproduction apparatus Fig. 3 is a longitudinal
sectional view of the optical 5 system of the optical pickup, where the
main construction elements of the optical system are shown: Fig. 4 shows
how photodetectors are arranged in a photvdetector unit; Fig. 5 shows the
construction of a returning light 10 hologram; Fig. 6 illustrates a
situation where light beams are incident on a light splitting hologram and
the returning light hologram: Fig . 7 shows the connection relat=on between
a circuit 1S system and the photodetector unit in the optical pickup; Fig.
B shows an example wiring. state , whe.re current-voltage conversion
circuits, the photodetectors, and wires are connected to each other; Fig. 9
shows an example construction of a focus error 20 calculation circuit; Fig.
10 shows an example construction of a differential push-pull circuit; Fig.
11 shows an example construction of a phase comparison calculation circuit;
25 Fig. 12 shows an example construction of a three-beam calculation
circuit; 13   25 February 2003 



Figs. 13A and 13B are flowcharts showing the judgement precess~ng of a
judgement ci=cuit in detail; Fig. 14 shows an example table where each
combination of amplitude judgement results concerning tracking error 5
signals is associated wi th one physical shape, one media type, one
semiconductoz laser element, and one tracking error signal; Fig. 7.5 shows
the optical system of the optical pickup and the construction of a
photodetector device using a photodetector unit whose construction elements
are all 'ormed 10 on the same semiconductor substrate: Fig. 16 shows how
the photodetectors formed on the semiconductor substrata are arranged; Fig.
17 is a perspective view of a photodetector unit that is provided with a
depression having a reflection plane 15 With an angle of around 45 degrees
to the surface of the semiconductor substrate; Fig. 18 is a sectional, view
of the photodetector unit taken along line A-A' of Fig. 17; Fi.g. 19 shows
an example construction where a case 20 is composed of a hologram optical
component and a frame of the photodetector device; Fig. 20 is a
longitudinal sectional view of an optical pickup of a modification; Fig. 21
shows the construction of the main part of 25 an optical pickup according
to the second embodiment of the present invention; 14 



25 February 2003 Fig, 22 shows the construction of a photodetector unit
according to the second embodiment of the present invention. Fig. 23 shows
the construction of the main part of an optical pickup according to a
modification of the second 5 embodiment, where the op~ical pickup is
equipped with a photodetector unit in which semiconductor laser elements
and photodetectors for reproducing information are mounted on the same
substrate; Fig. 24 shows how the construction elements of the 10
photodetector unit shown in Fig. 23 are arranged; Fig. 25 is a perspective
view of a photodetector unit that is provided with a depression having a
reflection plane with an angle of around 45 degrees to tre surface of the
semiconductor substrate; and 15 Fig. 26 shows the construction of the main
part o-_" an optical pickup where a beam splitter, a reflection plane, and
a polarization divider are integrated into one piece. DESCRIPTION OF THE
PREFERRED EMBODIMENTS 20 <First Embodiment> <Overview of Construction> Fig.
1 is a block diagram showing the main construction elements of an optical
recording and reproduction apparatus (hereinafter simply referred to as the
"optical reproduction 25 apparatus" ) according to the first embodiment of
the present invention. 



15   - 25 February 2003 As shown in this drawing, this optical reproduction
apparatus includes an optical pickup 1, a focus error calculation circuit
28, a differential push-pull circuit 29, a phase comparison calculatior_
circust 30, a three-beam calculat~.on 5 circuit 31, a judgement circuit
301, a selecticn circuit 302, a tracking servo circuit 303, a focus servo
circuit 309, a disc motor 3D5, a disc motor control circuit 306, a traverse
motor control circuit 307, a laser control unit 308, an information signal
detection circuit 309, a signal processing 10 circuit 310, and so on. A.n
optical recording medium 4 is rotated by the disc motor 305 at a
predetermined rotational speed. The optical pickup 1 is displaced in the
radius direction of the optical recording medium 4 by a publicly known
sliding mechanism (not 15 shown) whose power source is a traverse motor 311
including a stepping motor. With this construction, the optical pickup 1
reads information from the optical recording medium 4 or writes information
onto the optical recording mediu.Tn 4. The information signal detection
circuit 309 detects 20 a information signal and an address signal
(sub-coding) fron a detection signal sent from the optical pickup 1 and
outputs the information signal to the outside . Also, the information
signal detection circuit 309 outputs the address signal to the discmotor
control circuit 306 and the traverse motor control 25 circuit 307. The disc
motor control circuit 306 and the traverse 16   



25 February 2003 motor control circuit 307 respectively control the disc
motor 305 and the stepping motor of the sliding mechanism to have the laser
beam LB from the optical pickup 1 appropriately trace the information
recording Sequences o the cptical recording 5 medium The optical pickup
includes an optical system and a photodetector unit. The optical system
splits a laser beam into three beams (a main beam, a preceding sub-beam,
and a succeeding sub-beamy and directs these beams toward the optical 10
recording medium 4. The optical system also splits each retur:~ing J.ight
reflected by the optical recording medium 4 into four beams. That is, the
optical system splits the returning light of the main be am (hereinafter,
the main returning light) into the first-fourth main returning lights, the
~.S returning light of the preceding sub-beam (hereinafter, the preceding
returning light) into the first-fourth preceding returning lights, and the
returning light of the succeeding sub-beam (hereinafter, the succeeding
returning light) into the first-fourth succeeding returning lights. The 20
photodetector unit receives these returning lights. As shown in Fig. 4
described later, the photodetector unit includes the first-fourth main
photodetectors (18b-d, 19b-d, 20b-d, and 21b-d) for respectively receiving
the first-fourth main returninglights, thefirst-fourth preceding 25
photodetectors (18a, 19a, 20a, and 21a) for respectively receiving the
first-fourth preceding returning lights, and 17   25 February 2003 the
first-fourth succeeding photodetectors (18e, 19e, 20e, and 21e) for
respectively receiving the first-fourth succeeding returning lights. Each
main photodetector is divided into three photodetectors to employ a
so-called SSD (Spot Size S Detection) method for the detection of focus
error signals. More specifically, the first Train photodetectcr is divided
into a photodetector 18c arranged at the center and photodetectors 18b and
18d arranged at both sides of the photodetector 18c. 10 The focus error
calculation circuit 28 detects a focus error signal according to the SSD
method. When doing so, the focus error calculation circuit 28 uses the
received light signals obtained from the first-fourth main photodetectors.
This focus error signal detection is performed for any types 15 of optical
recording media regardless of their track densities and track shapes. The
differential push-pull circuit 29 detects a tracking error signal according
to a so-called differential push-pull method. When doing so, the
differential push-pull circuit 20 29 uses the received light signals
obtained from the first-fourth main photodetectors,the first-fourth
preceding photodetectors, and the first-fourt?~ succeeding photodetectors .
This tracking errorsignal detection according tothe differential push-pull
method is suitable for high-density optical recording media 25 and
write-once optical recording media. 



The phase comparison calculation circuit 30 detects J. 8   25 February 2003
a tracking error signal according to a so-called di fferential phase
detection method. When doing so, the phase comparison calculat=on circuit
30 uses received light signals obtained fromthe first-fourth main
photodetectors. Thistracking error 5 sigr_al detection according to the
differential phase detection method is suitable for optical recording media
having pits whose phase depths are each on e-quarter (?~/4 ) of the
wavelength of a laser beam. The three-beam calculation circuit 31 detects a
tracking 10 error signal according to a so-called three-beam me shod . When
doing so, the three-beam calculation circuit 31 uses received light signals
obtained from the first-fourth preceding photodetectorsand
thefirst-fourthsucceeding photodetectors. This tracking error signal
detection according to the 15 three-beam me shod is suitable for optical
recording media whose tracks are pit sequences or continuous grooves. The
judgement circuit 301 turns off the tracking servo circuit 303 when the
optical recording medium 4 is placed in the optical reproduction apparatus.
Then, under the condition 20 where the optical recording medium 9 is
rotating, the judgement circuit 301 obtains tracking error signals from the
differential push-pull circuit 29, the phase comparison calculation circuit
30, and the three-beam calculation circuit 31. Finally, the judgement
circuit 301 judges that a tracking error signal, 25 whose amplitude level
exceeds a threshold value, is an optimum signal, controls the selection
circuit 302 to select the optimum 19   25 February 2003 tracking error
signal, and turns on the tracking servo circuit 303. As described above,
the judgement circuit 301 finds an optimum tracking error signal using
amplitude levels of 5 tracking error signals obtained while the tracking
servo is turned off and the optical recording medium is rou zing. Because
the tracking servo is turned off when these tracking error signals are
detected, the spot of a laser beam travels back and forth across a
plurality ef tracks due to the 10 eccentricity inherent in the optical
recording medium and the eccentricity caused when the optical
recordinga~ediumis placed. As a result, the tracking error signal detected
using an appropriatemethodbecomes a sine wave signal having an amplitude
noz below a predetermined level and the track error signal Z5 detected
using an inappropriate method becorles a sine wave signal, which has an
amplitude below a predetermined level, or a signal close to direct current.
The selection circuit 302 receives tracking error signals from the
differential push-pull circuit 29, the phase 20 comparison calculation
circuit 30, and the three-beam calculation circuit 31, and selects one of
the tracking error signals according to the judgement result of the
judgement circuit 30l. 



The tracking servo circuit 303 drives a tracking servo 25 using the
tracking error signal selected by the selection circuit 302. 20   25
February 2003 The focus servo circuit 304 drives a focus servo using the
zocus error signal obtained from the focus error calculation circuit 28. As
describedabove, the judgement circuit 301 determines 5 the type of an
optical recording medium according to the tracking error signals obtained
,from the differential push-pull circuit 29, the phase comparison
calcula~ion circuit 30, and the three-beam calculation circuit 31. The
selection circuit 3D2 selects an optimu_Tn tracking error signal according
to the 10 judgement xesult of the judgement circuit 301. In this manner,
the optical reproduction apparatus of the present embodiment supports
various types of optical recording media. The present optical reproduction
apparatus reproduces information on the optical recording medium 4 or
records 15 information onto the optical recording medium 4 by driving the
tracking servo and focus servo in the manner described above. When
informaticn on the optical recording medium 4 is reproduced, signals from
the photodetector unit in the optical 20 pickup 1 are processed by the
information signal detection circuit 309 and are outputted as reproduction
signals. When information is recorded onto the optical recording medium 4,
information inputted from the outside is converted into a signal, whose
format is suitable for the optical recording medium 4, 25 by the signal
processing cixcuit 310 and is sent to the laser control unit 308. Then,
according to the signal generated 21   25 February 2003 by the signal
processing circuit 310, the laser control unit 308 drives the semiconductor
laser component in the optical pickup 1 to record the information. onto the
optical recording medium 4. During recording, the laser control unit 308
sets 5 the optical power of the semiconductor laser component to become
higher than that during reproduction. Tt should be noted here that as
described later, the optical pickup 1 includes two semiconductor laser
elements having different wavelengths. According to an instruction 10 from
the judgement circuit 301, the laser control unit 303 selects and drives a
semiconductor laser whose wavelength is appropriate to the type of the
current optical recording medium. <Construction of Optical Pickup> 15 Fig.
2 is a longitudinal sectional view of the optical pickup 1 described above
. As shown in this drawing, the optical pickup 1 has a constructian where a
phatodetector device 15, a fixing n~e~nber 101, a collimator lens 5, a
mirror 104, and a yoke 10& are mounted on an optical base 100, and a
movable 20 member 103, en which an objective lens 6 is mounted, is
supported by the fixing member 101 using a plurality of supporting members
102. In this embodiment, four supporting members, which are each an elastic
metal wire, axe used. Because Fig. 2 is a sectional view, only two
supporting members arranged backward 



25 are shown in this drawing. This construction allows the objective lens 6
to be displaced in a direction parallel to 22   25 February 2003 the
optical axis of the obj ective lens 6 (in a focusing direction) and in a
direction perpendicular to the optical axes of the collimator lens 5 and
the objective lens 6 (in a tracking direction). 5 A coil unit 105 includes
a tracking coil and a focusing coil. The Lorentz power is generated by
pass=ng a current through the coil unit 105 in a magnetic field formed by a
pair of magnets 107 supported by the yoke 106. The movable meriber 103 is
displaced by the Lorentx power in the focusing direction 10 or the tracking
direction. The photodetector device 15 includes a hologram optical
compor_ent 23, two semiconductor laser elements 17a and 17b, arid a
photodetector unit 10 that includes a plurality of photodetectors. The
laser beam LB emitted rrom the 15 semiconductor laser element 17a or the
semiccnductor laser element 17b is converted into parallel rays by the
collimator lens 5, strikes the mirror 104 through a clip 101a formed at
approximately the center of the fixing member 101, is reflected by the
mirror 109 to travel upward, and is converged by the 20 objective lens 6 to
form a spot on the recording surface of the optical re cording medium 4 .
The return~.ng lights reflected by the recording surface travel the optical
path described above in the reverse direction and are detected by the
photodetector unit 10 of the photodetector device 15. 25 The tracking errox
signals and focus error signal described above are generated from the
signals detected by 23   ' 25 February 2003 . the photodetector unit 10.
The tracking servo circuit 303 and the focus servo circuit 309 generate
servo signals from the tracking error signals and focus error signal and
the coil unit 105 is driven according to the servo signals. In This 5
manner, the obj ective lens 6 is located in an appropriate posita.on and
the laser beam LB traces the information recording sequences of the optical
recording medium 9 with accuracy. It should be noted here that in this
embodiment, the supporting members 102 double as feeding paths to the
tracking 10 coil and focusing coil of the coil unit 105. This saves the
need to additionally cor_nect 1 eads to the movable member 103 and to route
the leads to the outside. As a result, the movable mer.~ber 103 moves
smoothly and the information recording sequences of the optical recording
media 4 are traced with 



15 high accuracy. <Construction of Optical System> Fig. 3 is a longitudinal
sectional view of the optical system of the optical pickup 1. For ease of
explanation, this 20 drawing shows only the main construction elements of
the optical system and omits, for instance, the mirror 104 shown in gig. 2.
The objective lens 6 is, for instance, a two-focus lens compatible with CDs
and DVDs. In this embodi.mer_t, a 25 hologram area, which splits each
returning light into the zeroth-order diffraction lightand the first-order
diffraction 24   25 February 2003 light, is provided at the center of the
objective lens 6. Therefore, the objective lens 6 has different focal
lengths and numerical aperturesforthe zeroth-order diffraction light
(transmitted light) and the first-order diffraction light. 5 The
photodetector device 15 includes a frame 16, a semiconductor component 17
including semiconductor laser elements 17a and 17b arranged at the bottom
oT the frame 16, a photodetector unit 10 including four photodetector sets
1e-21 that are arranged at the bottom of the frame 16 and on the 10 both
sides of the semiconductor laser component 17, a transparent substrate 22
that is arranged to cover the frame 16 and is made of a transparent
material, such as a glass or a resin, and a hol ogram optical component 23
placed on the transparent substrate 22. 15 The semiconductor laser element
17a emits red laser light (whose wavelength is about 550nm) and the
semiconductor laser element 17b emits infrared laser light (whose
wavelength is about 800nm) . Cne of the semiconductor laser elements 17a
and 17b is selected according to the track shape, track density, 20 and
type of the optical. recording medium 4. By selectively using these
semiconductor laser elements having different wavelengths, two types of
tracking error signals arc detected for each tracking error signal
detection method. As a result, the number of types of optical recording
media supported by 25 the present optical reproduction apparatus is
increased. This aspect will be described in detail later. 25  



25 February 2003 The hologram optical component 23 is disposed in the
optical path of outgoing light from the semiconductor laser component 17,
and includes a 1 fight splitting hologram24 arranged on the surface of the
hologram optical component 23 facing 5 the semiconductor laser component 17
and a returning light hologram 25 arranged on the opposite surface of the
component 23. The light splitting hologram 24 spl its the light beam
emitted from the semiconductor laser component 17 into a ma'_n 10 beam, a
preceding sub-beam, and a succeeding sub-beam. These bearis are incident on
the optical recording medium 4 through the collimator lens 5 and the
objective lens 6, are reflected by the optical recording medium 4, and
travel to the returning light hologram 25. 15 The returning light hologram
25 splits each returning light reflected by the optical recording medium 4
into the left half of a positive first-order diffraction light, the left
half of a negative first-order diffraction light, the right half of the
positive first-order diffraction light, and 20 the right half of the
negative first-order diffraction light. Here, the principal ray of the
outgoing light from the semiconductor laser component 17 matches the
optical axes of the collimator lens 5 and the objective lens 6) In Fig. 3,
the light beam emitted from the semiconductor laser component 25 17 is
shown using chain lines and returning lights are shown using dashed lines.
The light beam emitted from the 26   25 February 2003 semiconductor user
component 17 is divided by the holograjTn optical componer.~t 23 into a
gain beam, a preceding sub-beam, and a succeeding sub-beam. Each of the
main returning light, preceding returning light, and succeeding returning
light 5 ref 1 ected by the optical recording medium 9 i s divided by the
hologram optical component 23 into tre lef t half o~ a positive first-order
diffraction light, the left half of a negative first-order diffraction
light, the right half of the positive first-order diffracts on light, and
the right half of the negative 10 first-order diffraction light.
<Photodetector Unit> The photodetector unit 10, which includes the
semiconductor laser component 17 and four photodetector sets 15 18-21, is
provided at the bottom of the frame 16. Fig. 4 is a plsin view of the
photodetector unit 10 when viewed from above. As shown in this drawing,
when viewed from ~he light emitting side of the semiconductor laser
component 17, the 20 photodetector set 18, the photodetector set 19, the
semiconductor lasez component 17, the photodetector set 20, 



and the photodetector set 21 are arranged in this order from the left of
the photodetector unit 10. Each of the photodetector sets 18-21 includes
three 25 photodetectors that have substantially the same size and are
arranged perpendicular to the arrangement direction of the 27   25 February
2003 photodetector sets. Note that the photodetector at the center of each
photodetector set is divided into three photodetectors arranged
perpendicular to the arrangement direction of the photodetector sets. The
phetodetec~ors of the photodetector 5 set 18 are given reference signs 18a,
16b, 16c, 18d, and 18e from the top. This is the same to the photodetector
sets 19-21. The photodetectors 18a-21a are the first-fourth preceding
photodetecters described above and receive the preceding returning light
from the optical recording medium. 10 The photodetectors 18a-21a
respectively receive the left half of a positive first-order diffraction
light, the right half of the positive first-order diffraction light, the
right half of the negative first-order diffraction light, and the left half
of a negative first-order diffraction light of 15 the preceding returning
'_ight. Also, the photodetectors 18b-18d, 19b-19d, 20b-20d, and 21b-21d are
the first-fourth main photodetectors described above and respectively
receive the left half of a positive first-order diffraction light, the
right half of the positive first-order diffraction light, 20 the right half
of the negative first-order diffraction light, and the Left ha1 of a
negative first-order diffraction light of the main returning light.
Further, the photodetectors 18e-21e are respectively the first-fourth
succeeding photodetectors described above and respectively receive the 25
left half of a positive first-order diffraction light, the right half of
the positive first-order diffraction light, the 28   25 February 2003 right
half of the negative first-order diffraction light, and the left half of a
negative fir=t-order diffraction Iight of the succeeding returning light. 



With the stated number and arrangement of the 5 photodetectors, tre
photodetector unit 10 can detect at least three types o; tracking error
signals as well as a focus error signal by appropriately ccmbining signals
from the photodetectors. More specifically, as described using Fig. 1, the
nuriber and arrangement of the photodetectors of the 10 photodetector unit
7.0 is suitable for detecting a focus error signal according to the SSD
method and fo: detecting three types of tracking error signals acco_ding to
the differential push-pull method, differential phase detection method, and
three-beam method. Therefore, the present optical 15 reproduction apparatus
equipped with this photodetector unit can selectively use the three types
of tacking error signals . As a result, this optical reproduction apparatus
can easily support various types of optical recording media having
different physical formats (such as different track shapes 20 and different
track pitches)) As described above, in the photodetector unit 10, the
semiconductor laser component 17, which includes the semiconductor elements
1?a and 17b and emits a laser beam approximately perpendicular to the
arrangement plane of the 25 construction elements of the photodetector unit
10, is provided at the center of the arrangement of the photodetectors. 29
25 February 2003 Therefore, the principal ray of the outgoing light to 'the
optical recording ~nediu~-n approximately matches that of the returning
light from the optical recording medium. As a result, a small optical
pickup is achieved with this photodetector unit 10. 5 <Hologram Optical
Component 23> r ig. 6 illustrates a situation where a light beam emitted
from the semiconductor laser comr~onent 17 is incident on the light
splitting hologram 24, the returning lights reflected 10 by the optical
recording medium 9 strike the returning light holcgram 25, and the
returning light hologram 25 diffracts the returning lights and directs the
diffraction lights toward the photodetector sets 18, 19, 20, and 21. The
light splitting hologram 24 is a diffraction grating 15 that generates
three beams. More specifically, the light splitting hologram 24 splits a
light beam emitted from the semiconductor laser component 17 into three
beams and Bathe=s these beams onto the optical recording medil:m 4 to form
spots between which there is an interval of an odd multiple of 20
approximately one-half of the pitch size of the information recording
sequences of the optical recording medium 4. In Fig. 6, for convenience in
illustrating, a modest-sized spot is shown in an area, which is s~.ightly
shifted rightward, of the light splitting hologra.Tn 24. In reality,
however, the 25 spot having a diameter larger than the radius of the light
splitting hologram 29 is formed on the center of the light 



30   25 February 2003 splitting hologram 24. The returning light hologram
25 is divided into two hologram areas 26 and 27 by a division line, as
shown in Fig. 5. The division line extends along a direction of tracks on 5
the optical recording medium 4, that is, perpendicular to the radius
direction of the optical recording medium 4. These hologram areas 26 and 27
respectively diffract the lef ~ had f and right half of each returning
light from the optical recording medium 4 and direct the diffraction lights
toward the 10 photodetectors. each of the hologram areas 26 and 27 includes
a diffraction grating, arid the dif fzaction grooves of the hologram area
26 are approximately parallel to those of the hologram area 27. The pitch
of the diffraction grating in the hologram 15 area 26 is set to be less
than that in the hologram area 27 to obtain different diyfraction angles.
That is, the hologram area 26 having a less diffraction grating pitch has a
greater diffraction angle than the hologram area 27. As a result, the
positive and negative first-order diffraction Lights from 20 the hologram
area 26 are respectively received by the photodetector sets 18 and 21
arranged outward, and the positive and negative first-order diffraction
lights from the hologram area 27 are respectively received by the
photodetector sets 19 and 20 arranged inward. 25 Because the diffraction
grating in each oz the hologram areas 26 and 27 has a curvature, as shown
in Fig. 5, each of 31   25 February 2003 these axeas 26 and 27 perform a
wavefront conversion function (a lens effect). As a result, the positive
and negative first-order diffraction lights in each of the hologram areas
26 and 27 have different focal lengths . As shown by the dashed 5 ~ fines
in Fig. 3, the focal length of the positive first-order diffraction light
is shorter than that of the negative first-order diffraction light. The
different focal lengths of the positive and negative first-order
diffraction lights allow the SSD method to be used to detect focus error
signals . 10 There is no specific relation between (1) the pitch between
and the number of diffraction grooves of the light splitting hologram 24
and (2) those of the returning light hologra.~n 25. In this embodiment,
however, the light splitting hologram 29 and the returning light hologram
25 are arranged 1S so that the arrangement d~.rection of the diffraction
grooves 



of the light splitting hologram 24 is perpendicular to that of the
returning light hologram 25 and approximately parallel to the direction of
the major axis of the far-field pattern of the light beam emitted from the
semiconductor laser element 20 17a or 17b. In Fig. 6, circles R1, R2, and
R3 respectively represent the spots of the main returning light, preceding
returning light, and succeeding returning light. Each of the main,
preceding, and succeeding returning lights is incident on the 25 returning
light hologram 25, is diffracted therein, and strikes the first-fourth
photodetector sets 18-21. Also, B1 and B2 32   25 February 2003 shown using
chain lines represent the positive and negative first-order diffraction
lights of the left half (the lower half in Fig. 6) of the preceding
returning light. Further, B3 and H4 represent the positive and negative
first-order 5 diffraction lights of the right half (the upper half in Fig.
6) of the succeeding returning light. Other diffraction lights are omitted
in Fig. 5. Among diff xaction lights of the preceding returning light from
the f first hologram area 26, for ins Lance, the positive 10 first-order
diffraction light B;~ strikes t:~e photodetector set 18 and the negative
first-order diffxzction light H2 strikes the photodetector set 21. Also,
among diffraction lights of the succeeding returning light from the second
hologram area 27, the positive first-order diffraction light B3 strikes the
15 photodetector set 19 and the negative firs t-order diffraction light B4
strikes the photodetector set 20. Although the spots of the main,
preceding, and succeeding returning lights are shown using modest-sized
circles R1-R3 in Fig. 5. the actual size of each spot exceeds one-third of
the area of the returning 20 light hologram 25. Also, each spot is formed
to be symmetric with respect to the division line of the returning light
hologram 25. Because the optical pickup 1 has the construction described
above, it becomes unnecessary to adjust, in the order 



25 of l~.,zm, the positions of the construction elements of the optical
pickup 1 to bring returning lights into focus on the 33   25 February 2003
photodetec~ors. That is, it is enough to bring the returning lights to
strike the respective areas of the returning light hologram 25. This
results in the h_gh adjustment tolerance of several ten ~.~m. Also, in the
optical pickup 1, a plurality 5 of photodetectors are arranged on both
sides of the semiconductor laser component 17 to receive both of the
positive and negative First-order diffraction lights =rom the returning
light hologram 25. As a result, light is used w=th high erficiency in
comparison with a conventional component where semiconductor 10 laser
elements and photodetectors are combined. Further, the optical pickup 1 is
capable o generating a focus error signal according to the SSD method and a
plurality of types of tracking error signals according to the differential
push-pull method, differential phase detection method, and three-beam
method. 15 Also, because various components are integrated into one piece
in the optical pickup Z, this optical pickup can be miniaturized and
mass-produced without difficulty. <Construction of Circuit System> 20 Fig.
7 shows the connection relation between the circuit system shown in Fig. 1
and the photodetector unit 10 in the optical pickup 1. As shown in this
drawing, the photodetectounit 10 includes a current-voltage conversion
circuit group and a wire 25 group. The currant-voltage conversion circuit
group converts a current value, which represents the received light amount
34   25 February 2003 obtained from each photodetector, into a voltage
value. The wire group transmits received 1 fight signals, which are
obtained from the current-vol rage conversion circuit group, to the focus
error calculation circuit 28, the differential push-pull 



5 circuit 29, the phase comparison calculation circuit 30, and the
three-beam calculation circ~~it 31. Tn this drawing, terminal groups
sl-s12, p1-p20, h1-h8, and tl-t8 are respectively connected to the focus
error calculation circuit 28, the differential push-pull circuit 29, the
phase comparison 10 cal cu~.ation circuit 30, and the three-beam calcul
ation circuit 31. Fig. 8 shows an example wiring state where the
current-voltage conversion circuits, the photodetectors, and the wires are
connected to each other. In this drawing, each 15 terminal is given a
terminal name accompan~.ed with the reference sign of a photodetector that
outputs a received light signal to the terminal. The output signal from
each photodetectox i s a current value representing a received light amount
and is outputted 20 to a corresponding current-voltage conversion circuit.
Each current-voltage conversion circuit receives an output signal from a
corresponding photodetector and outputs a received light signal that
represents the received light amount using a voltage value. With the
connections shown in Fig. 8, the received 25 light signal from each
current-voltage conversion circuit is outputted to at least one terminal.
35   25 February 2003 <Focus Error Calculation Circuit 28> Fig. 9 shows an
example construction of the focus error calculation circuit 2B. As shown in
this drawing, the fo~us 5 error calculation circuit 28 includes adders
801-804, 806-809, and 811, and subtracters 805 and 810. The input tee
ninals of the adders 8Q1-804 are connected to the terminals s7-s12 shown in
Fig. 8 and are applied with the received light signals obtained from the
photodetectors 0 18b, 18c, lBd, 21b, 21c, and 21d. These photodetectors
receive the left half of the :rain returning light, that is, the positive
and negative first-order diffraction lights from the hologram area 26. Note
that the voltage value of a received light signal obtained from a
photodetector ix (where iElB, 19, 20, 21 and 15 xEa, b, c, d, e) is
hereinafter referred to as Sgix. For instance, the received light signal
obtained frem the photodetectorl8b or a corrESponding current-voltage
conversion 



circuit is hereinafter referred to as Sgl8b. The adders 801-809 and the
subtracter 805 calculate 20 the first SSD signal F~1 according to Formula 1
given below. tFormula 1) FE1=(SglBb+SglBd+Sg2lc)-(Sgl8c+Sg2lb+Sg2ld) 25
Similarly, the input terminals of the adders 806-809 are connected to the
terminals sl-s6 shown in Fig. 8 and are 36   25 February 2003 applied with
the received light signals obtained from the photodetectors 19b, 19c, 19d,
20b, 20c, and 20d. These photodetectors receive the right half of the main
returning light, r.hat is, the positive and negative first-oxder 5
diffraction lights frc:n the holograTn area 27. The adders B06-Q09 and the
subtracter 810 calculate the second SSD signa ~ FE2 according to Formula 2
given below. (Formula 2) 10 FE2=(Sgl9b+Sgl9d+Sg20c)-(Sgl9c+Sg20b+Sg20d) The
adder 811 adds the first SSD signal FE1 to the second SSD signal FE2
according to Formula 3 given below and outputs an add~.tion result as a
signal representing a focus error. 15 (Calculation 3) FE=FE1+FE2 This
signal FE is a focus error signal obtained with 20 the SSD method.
<Differential Push-Pull Circuit 29> Fig. 10 shows an example construction
of the differential push-pull circuit 29. As shown in this drawing) the 25
differentialpush-pull circuit29 includes thefirst push-pull signal
detection unit 900, the second push-pull signal detection 



37   25 February 2003 unit 920, the third push-pull signal detection unit
930, multipliers 941 and 942, and subtracters 943 and 99~. The first
push-pull signal detection unit 900 :~ncludes adders 901-904, 906-909, and
97.i, and subt=acters 905 and 910. The 5 second push-pull signal detection
unit 920 includes adders 921 and 922 and a subtracter 923. The third
push-pull signal detection unit 930 includes adders 931 and 932 and a
subtracter 933. The first push-pull signal detection unit 900 calculates 10
the first push-pull signal TE1 according to Formula 4 given below. The
first push-pullsignalTElrepresentsthe difference between the left half and
the right half of the main returning light, that is, the di fference
between the main :eturning light from the hologram area 26 (the received
light signals from 15 the photodetectors 18b-18d and 23b-21d) and the main
returning light from the hologram area 27 (the received light signals from
the photodetectors 19b-19d and 20b-20d). (Formula 9) 20
TE1=(SglBb+Sgl8c+SglBd+Sg2lb+Sg2lc+Sg2ld)
-(Sgl9b+Sgl9c+Sgl9d+Sg20b+Sg20c+Sg20d) The second push-pull signal
detection unit 920 calculates the second push-pull signal TE2 according to
Formula 25 5 given below. The second push-pull signal TE2 represents the
difference between the left half and the right half of 38   25 February
2003 the preceding returning light, that is, the difference between the
preceding return=ng light from the hologram area 26 (the received l:.ght
signals from the photodetectors 1Ba and 21a) and the preceding re~urning
light from the hologram area 27 



5 (the received light signals from ~he photodetectors 19a and 20a) .
(Formula 5) TE2=(Sgl8a+Sg2la)-(5g19a+Sg20a) to The third push-pull signal
detection unit 930 calculates the third push-pull signal TE3 according to
Formula 6 given below. The third push-pull signal TE3 represents the
difference between the left half and the right half of the succeeding 15
returning light, that is, the difference between the succeeding returning
light from.the hologram area 26 (the received light signals from the
photodetectors 18e and 21e) and the succeeding returning light from the
hologram area 27 (the received light signals from the photodetectors 19e
and 20e). zo (Formula 6) TE3=(SglBe+Sg2le)-(Sgl9e+Sg20e) The multipliers
991 and 942 and the subtracters 943 25 and 944 calculate the first tracking
error signal TES1 from the first-thizd push-pull signals according to
Formula 7 given 39   below. (Formula 7) 5 TES1=TEI-(aTE2+bTE3) 25 February
2003 In this formula, a and b respectively refer to constants given to the
multipliers 941 and 992. These constants are compensation coefficients used
to correct the first push--pull sigr_al TE1, which is obtained from the
main returning light, 10 using the second and third push-pull signals,
which are obtair_ed from ~he preceding and succeeding returning lights. The
first tracking error signal TES1 obtained by the differential push-pull
circuit 29 is hereinafter referred to as DPP TES1. 15 <Phase Comparison
Calculation Circuit 30> Fig. 11 shows an example construction of the phase 



comparison calculation circuit 30. As shown in thi s drawing, the phase
comparison calculation circuit 30 includes adders 20 951-956 and a phase
comparatoz 32. The adders 9S4-956 calculate an output signal PI according
to Formula 8 given below. The output signal P1 represents the total
received light amount in two spot areas of a main beam. Here, the mai n
beam is divided into four spot 25 areas (the upper right area, upper 1 eft
area, lower right area, and lower left area) and the two spot areas axe
diagonally 40   25 February 2003 opposed. (Formula 8)
P1=SglBb+Sgl9d~Sg20d+Sg2lb 5 The adders 951-953 calculate an output signal
P2 according to Formula 9 given below. The output signal P2 represents the
total received light amount in remaining two spot areas of the main beam.
10 (Formula 9) P2=SglBd+Sgl9b+Sg20b+Sg2ld The phase comparator 32 detects
the phase difference 15 between the output signals P1 and P2 and outputs
the detected phase different as the second tracking error signal TES2. For
instance, the detected phase difference represents how far advanced the
phase of P2 is with respect to P1. The second tracking error signal
obtained by the phase comparison 20 calculation circuit 30 is hereinafter
referred to as PH TES2. <Three-Beam Calculation Circuit 31> Fig. 12 shows
an example construction of the three-beam calculation circuit 31. As shown
in this drawing, the 25 three-beam calculation circuit 31 includes adders
961-966 and a subtracter 967. With this construction, the three-beam 91 



25 February 2003 calculation circuit 31 calculates a difference betweer.
the received ' fight amount oz a preceding retuxning light and tha~ of a
succeeding returning light zccording to r ormula 10 given below and outputs
the difference as the third tracking error 5 signal TES3. (Formula 10)
TES3=(Sgl8a+Sgl9a+Sg20a+Sg2la)-(SglBe+Sgl9e+Sg20e+Sg2le) 10 The third
tracking error signal obtained by the three-beam calculation circuit 31 is
hereinafter referred to as 3B TES3. <Judgement Circuit 301> 15 Figs . 13A
and 13B are flowcharts showing the j udgemen processing of the judgement
circuit 301 in detail. The judgement processing shown in this drawing is
performed immediately before an optical reproduction apparatus accesses the
optical recording medium placed therein for the 20 first time. More
specifically, this processing is performed, for instance) when an optical
recording medium is placed in a disc unit (not shown) of the optical
reproduction apparatus . As shown in Fig. 13A, the judgement cixcuit 301
first tries to judge the type of the optical recording medium according 25
to the shape of part of the ca=tridge (or the caddy) containing the optical
recording medium (step 101). If the judgement 42   25 February 2003 



in step 1O1 has not succeeded, the judgement circuit 301 then have the
semiconductor laser ele~~nent 17a emi t a red laser beam (step 102) and
judges whether the amplitude of the focus error signal F~, which is
detected while the focus servo is off, is not below a predetermined value
K1 (step 103). In this specification, the amplitude of a signal is, for
instance, the difference between the maximu.~n peak values of the signal in
a positive direction and those in a negative direction. The distance
between the optical pickup 1 and the 10 information recording surface of
the optical recording medium 9 slightly changes while the optical.
recording medium 4 is rotating due to the optical recording medium 4 being
warped andthespind~.ewobblingduringrotation. Therefore, the signal FF
usually changes cyclically under the condition where the 15 focus servo is
off. If the wavelength or the current laser beam is suitable for the focus
error signal detection fcr the optical recording medium 4, an appropriate
amplitude level is obtained for the signal FE. If the Wavelength of the
current laser beam is not suitable for the focus error signal detection, 20
the level of the signal FE becomes low and the amplitude level of the
signal F'E' also becomes low. If the judgement result in step 103 is that
the amplitude level of the signal FE is not below Zhe predetermined value
K1, the judgement circuit 301 judges that the xed laser beam 25 is suitable
for the focus error signal detection and turns on the focus servo under a
condition where the laser beam element 93   25 February 2003 17a remains
selected (step 109). The judger:~ent circuit 301 then measures the
amplitude of each of PDD_TES1, PH_TES2, and 33-TES3 that are respectively
obtained from the differential push-pull circuit 29, the phase 5 comparison
calculaticn circuit 30, and the three-beam calculation circuit 31 (step
1.08). The judgement circuit 301 then switches the 1 fight source from the
semiconductor laser element 17a to the semiconductor laser element 17b and
have the semiconductor laser element 10 17b emit an infrared laser beam
(step 109). Following this, the judgement circuit 301 measures the
amplitude of each o. DPP`TES1, PH_TES2, and 33_TES3 that are respectively
obtained from the differential push-pull circuit 29, the phase comparison
calculation circuit 30, and thethree-beam calculation circuit 15 31 (step
110). If the judgement result in step 103 is that the amplitude level of
the signal FE is below the predetermined value K1, the judgement circuit
301 judges that the lu.~ninescent color 



(red) of the semiconductor laser element 17a is not suitable 20 for the
focus error signal detection for the optical recording medium 9. As a
result, the processing proceeds to step 105 and the judgement circuit 301
switches the light source from the semiconductor laser element 17a to the
semiconductor laser element 1?b and have the semiconductor laser element
17b emit 25 an infrared laser beam. The judgement circuit 301 then judges
whether the amplitude of the signal FE obtained for the infrared 44   25
February 2003 laser beam is not below a predetermined value K2 (step 106) .
If the judgement result ~n step 106 is positive, the judgement circuit 301
turns on the focus servo (step 107) ar~d measures the amplitude of each of
DPP-T~S1, PH TES2, and 33_TES3 (step 5 110) . If the judgement result in
step 106 is negative, the judgement circuit 301 judges that there is no
laser beam appropriate to the optical recording medium 4 and displays an
error message on a display unit (not shown) (step 113) to 10 terminate the
judgement processing. Note that the values K1 and K2 are predetermined by
experiment and are prestored in an internal memory. In the flowchart shown
in Fig. 13A, the tracking error signals obtained when the semiconductor
laser element 17a emits 15 a red laser beam are referred to as TESla,
TES2a, and TES3a (in step 108) and the tracking error signals obtained when
the semiconductor laser element 17b emits an infrared laser beam are
referred to as TESlb, TES2b, and TES3b (in step 110) . Because the tracking
servo is turned off when these tracking 20 error signals are detected, the
spot of a laser beam travels back and forth across a plurality of tracks
due to the eccentricity inherent in the optical recording medium and the
eccentricity caused when the optical recordingmedium is placed. As a
result, the tracking error signal obtained with a detection 25 method
appropriate to the optical recording medium becomes a sine wave signal
having an amplitude not below a predetermined 45   25 February 2003 level
and the tracking error signal obtained with a detection method
inappropriate to the optical recording medium becomes a sine wave signal,
which has an amplitude bel ow a predetermined level, or a signal close to
direct current. Depending on the 5 type of the optical recording medium, a
single tracking error signal having an amplitude not below a predetermined
level is obtained in some cases and a plurality of such tracking error
signals are obtained in other cases. 



The judgement circuit 301 judges the physical shape 10 of the optical
recording medium, that is, whether the track shape is continuous grooves or
pit sequences, whether the phase depth of each groove or pit is ~/4 of the
wavelength of a =ed laser and an infrared laser, and whether the track
density is high or low. When doing so, the judgement circuit 301 uses 15
t:~~e amplitude levels of the six tracking error signals described above.
The judgement circuit 301 then determines the type of the optical recording
medium according to the judgement results (step 111). It should be noted
here that a single media type is selected for the optical recording medium
in 20 some cases and several media types are selected as the candida tes
for the type of the optical recording medium (several possible media types
are selected) in other cases. More specifically, the judgement circuit 301
prestores a table shown in Fig. 14 and determines the physical shape 25 and
type of the optical recording medium by referring to this table according
to the amplitude levels of the six tracking 46   25 February 2003 error
signals. In the table, each combination of tre six tracking error signals
is associated with one physical shape and one media type. If several media
types are selected as .the candidates 5 for the type of the optical
recording medium (step 112:No), the processing proceeds to the operations
in the flowchart shown in Fig. 13B and the judgement circuit 301 judges
whether each of the six tracking error signals has an appropriate amplitude
level in a predetermined order ( the loop processing 10 from step.119 to
step 127). More specifically, the judgement circuit 301 compares the
amplitude of DPP_TESla measured in step 108 with a threshold value Ala
(step 120). Here, a threshold value J~ix (i=1-3, x=a or b) for each of the
six tracking error signals is prestored 15 in the judgement circuit 301.
The threshold value Aix is, fox instance, set as a portion (one-half, for
instance) of the maximum value of the received light amount obtained as a
focus error signal. If the amplitude of DPP TESIa is not below the
threshold 20 value Ala, the judgement circuit 301 selects the semiconductor
laser element 17a (has the semiconductor laser element 17a emit a red beam)
, controls the selection circuit 302 to select TES1 from the differential
push-pull circuit 29 (step 121y, turns on the tracking servo of the
tracking servo circuit 303 25 ( step 122 ) , and judges whether the
amplitude or an information recording signal is not below a threshold value
H1a (step 123) . 97   25 February 2003 If the judgement result in step 123
is negative, the judgement circuit 301 has the tracking servo circuit 303
reverse the tracking polarity (step 124 ) , and judges whether the
amplitude of the information recording signal is not below the threshold 5
value Bla again (step 125). If the amplitude of the infozzr~ation recording
signal is not below the threshold value B1a in step 123 or step 125, 



the judgement circuit 301 terminates the processing under a condition where
the current tracking error signal remains 10 selected. If the amplitude of
the information recording signal is below the threshold value Bla in step
125, the judgement circuit 301 temporarily turns off the tracking servo
(step 126) and returns to step 120 to perform the same processing for the
next TESix. 15 Tn this manner, a tracking error signal having a required
amplitude level is selected from the six tracking error signals . As a
result, an appropriate tracking error signal is selected for any type of
optical recording medium placed in the optical reproduction apparatus. 20
If the amplitude of every tracking error signal (TESix) is found below the
threshold value Aix (step 120:No) and the amplitude of the information
recording signal of every tracking error signal is found below the
threshold value Bix(step 123 and step 125:No) ( there is no appropriate
tracking error signal. 25 Therefore, the judgement circuit 301 displays an
error message to terminate the judgement processing (step 118 in Fig. 13A)
. 4B   25 February 2003 This error message is displayed, for instance, when
an unexpected medium is placed, a medium is erroneously placed upside down,
or no medium is placed. If one media type is selected for the optical
Yecordi ng 5 medium in step 101 or step 112, the judgement circuit 301
selects a semiconductor laser el ement and a tracking error signal that are
appropriate to the optical recording medium (step 113). Like the operaticns
in steps 122-125, the judgement circuit 301 then checks whether the
information recording signal has 10 a required amplitude level (steps
119-117), ar_d torminates the judgement processing. <Judgement of Physical
Shape and Media Type> The judgements of the physical. shape and media type
15 in step 111 shown in Fig. 13A are described in detail below with
reference to Fig. 19. 



Fig. 14 shows an example table where each combination of judgement results
of the judgement circuit 301 for the six tracking error signals is
associated with one physical shape, 20 one media type, one semiconductor
laser element, and one tracking error signal. This table is prestored in
the judgement circuit 301 and is referred to during the judgements of the
physical shape and media type in step 111. Tn this drawing, the "judgement
result of tracking 25 error signal" column gives signs "X", "~k", "Uo",
"0". and . Each of the sa.gns "X" and "*" indicates that the amplitude 49
25 February 2003 of the corresponding tracking error signal is be? ow the
threshold value. Also, each of the signs "~", "~", and "D" indicates that
the amplitude of the corresponding tracking error signal is r.ot below the
threshold value. Note that the sign 5 also ir_dicates that an amplitude not
below the threshold value can be obtained fox the corresponding tracking
error signal by adjust-ng the beam positions. Also, it is preferable to
sequentially select the tracking error signal corresponding to the sign
"DO", that corresponding to the sign "~", and 10 that co_responding to the
sign "D " in tris order to drive the tracking sexvo. The "physical shape"
column gives physical shapes corresponding to respective combinations of
the judgement results . fhe physical shapes in this column relate to
whether 15 p=e-pits (pit sequences without grooves) or continuous grooves
are formed, whether the phase depth is around h/4, whether the recording
density is high or low, and whether the media type is a write-once optical
recording medium that includes unused areas. here, if an optical recording
mediur.~ is a 20 low-density medium, the track pitch is around 1.5-1.6u m:
if an optical recording medium is a high-density medium, the track pitch is
around 0.6-1.0u m. The "media type" column gives media types that may
correspond to respective combinations of the j udgement results . 25 The
"laser selection" column and "TES selection" column respec~ively give a
semiconductor laser element ar_d a tracking 50   



25 February 2003 error signal detection method that should be selected for
each combination of the judgement results. In the "laser selection"
colu.~nn, ".red" means that the semiconductor laser element 17a should be
selected, "infrared" means that the semiconductor 5 laser element 17b
shculd be selected, and "(red)" means that the semiconductor laser element
17a that emits a red laser beamrnay be selec~ed instead of the
semiconductor laser element 17b that emits an infrared laser beam. In step
111 described above, the judgement circuit 10 301 judges the physical shape
and type of the optical recording medium by referri ng to this table, and
informs other circuits, which are included in the optical reproduction
apparatus, of the physical shape and media type. This judgement processir_g
is performed using the amplitude levels of the six tracking 15
errorsignals. Therefore,althoughnotbeing capableofjudging the physical
shapes and media types of all optical recording media including new media
that will appear on the market in the future, the judgement circuit 301 is
applicable to almost a11 representative optical recording media. If the
table gives 20 information for the current combination of j udgement
results of the six tracking error signals, the judgement circuit 301
selects a semiconductor laser element and a tracking error signal, which
correspond to the combination of the judgement results, from the "laser
selection" col~.imn and the "TES 25 selection" column in the table. With
the construction described above, the circuit 51   25 February 2003 system
detects a focus error signal according to the SSD method using both of a
red laser light and an infrared laser light. While the tracking servo is
off, the circuit system also detects a plurality of types of tracking errcr
signals according to 5 the differential. push-pull method, the differential
phase detection method, and the three-beam method. This tracking error
signal detection is also performed using both of a red laser light and an
infrared laser light. The judgement circuit 301 then selects a laser light
and a tracking error signal, 10 which are appropriate ~o the current
optical recording medium, according to the amplitude levels of the six
tracking error signals . The j udgeme:~t circuit 301 also determines the
physical shape and type of the current optical recording medium according
to the amplitude levels of the six tracking error signals. 15 As described
above, in the photodetector unit of the present embodiment, a plurality of
photodetectors are arranged in the manner shown in Fig. 4 and this
arrangement is suitable for the detection of three types of tracking error
signals in addition to a focus error signal. As a result, this 20
photodetector unit is compatible with various types of optical recording
media. Also, as shown in Fig. 3, the main part of the optical pickup of the
present embodiment has a construction where the fra~-ne 16 including the
photodetector unit 10 is integrated 



25 with the transparent substrate 22 ar~d the hologram optical component
23. Also, the principal ray of the outgoing light 52   25 February 2003
fromthesemiconductorlasercomponentl7approximately matches the principal ray
of the returning light from the optical recording medium 4. The=efore, the
hardware scale of the present optical pickup can be reduced. Also, the
positicnal 5 relations between the photodetector unit at the bottom of the
frame 16, the transparent substrate 22, and the hologram optical component
23 are predetermined to have each returning light converge on a
corresponding photodetector. This saves the needfor complicated positional
adjustments during assembling. 20 Further, because both cf positive and
negative first-order diffraction lights from the returni:~g lght hologram
25 are received in the optical pickup, light is used with high efficiency
in comparison with a conventional component wheresemiconductor laser
elements andphotodetectors are integrated into one piece . 15 with the
optical pick~,:p including the phetodetector unit described above, the
optical reproduction apparatus of the present embodiment detects three
types of tracking error signals according to the differential push-pull
method, the differential phase detection method, and the three-beam method
20 while the servo is off. The optical reproduction apparatus then selects
a tracking error signal and a laser light, which are appropriate to the
current optical recording medium, according to the amplitude levels of the
detected tracking error signals. The optical reproduction apparatus
alsojudges 25 the physical shape and the type of the current optical
recording medium with considerably high accuracy according to the 53   25
February 2003 amplitude levels of the detected tracking error signals.
~Modifications> Modifications of the present embodiment are described 5
below. (1) Steps 101, 111, 112, and 1Z3-Z17 in the flowchart shown in : ig
. 1 3A may be omitted and the operations ' n steps 119-127 



shown in Fig. 13B rnay be performed after step 110. In this case, the j
udgement ci rcuit 301 does not j udge 20 the physical shape and media type
ef an optical recording medium but a tracking error signal having an
amplitude level necessary for the tracking servo is appropriately selected
from the six tracking error signals by the loop processing from step 119 to
step 127. During this selection, the amplitude levels o 15 DPP_TES1,
PH_TES2, and 3B_TES3 generated by a red laser light are sequentially
checked in this order. Also, the amplitude levels of DPP_TES1, PH_TES2, and
3H_TES3 generated by an infi ared laser light are sequentially checked in
this order. This is because it is expected that high-density optical
recording 20 media will be mainstream in the future and the tracking error
signal detected with a method that is more appropriate to high-density
optical recording media is given a higher priority. However, the tracking
error signal detected with the three-beam method may be given the highest
priority because the control 25 for this method is the simpliest. Also, the
type of each optical recording medium that was previously placed may be
recorded 59   25 February 2003 and the method appropriate to the media type
that was more frequently used is given a higher priority. (2 ) To j udge
the physical shape and type o~ an optical recording media.-r, in step 17.1,
the judgement circuit 301 nay 5 also use the judgement result in step 101
where the media type is judged using the shape of part of the cartridge.
This allows the media type judgement and the tracking error signal
selection to be performed w=th higher accuracy. (3) The judgement circuit
301 ~r~ay calculate a reflectivity 10 and j udge the physical shape and
Hype of an optical recording medium using the reflectivity. More
specificall y, yor ins tar.ce, the judgement circuit 30Z may calculate the
distribution of a reflectivity and judge the physical shape and type of an
optical recording medium using the reflectivity distribution. 15 This
allows the media type judgement to be performed with higher accuracy. ( 4 )
An optical pickup shown in Fig . 15 rnay be used instead of that shown in
Fig. 3. As can be understood by comparing Figs. 3 and 15, the optical
pickup shown in Fig. 15 includes 20 a photodetector unit produced by
forming photodetectors on a substrate 33. Other aspects of the optical
pickup shown in Fig_ 15 are the same as those of the optical pickup shown
in Fig. 3, so that the following description centers on the differences.
The present photodetector unit is produced by 



25 forming photodetectors on the substrate 33 with a semiconductor
processing technique. Fig. l6shows the substrate 33 arranged 55   25
February 2003 at the bottom of the frame 16. As can be seen from this
drawing, the photodetectors of this modification are arranged in ~he same
manner as those shown in Fig. 4. In this case, it does not ma ter whether
~he 5 semiconductor laser elements 17a and 17b are provided on ;.he
substrate 33 in a hybrid manner or in a monolithic manner. For instance,
the semiconductor laser elements 17a and 17b are flat light-emitting
semiconductor laser elements formed with a semiconductor processing
technique. in terms of mass 10 productivity and cost, it is preferable to
form photodetectors on a single semiconductor substrate as described above.
In this case, photodetectors are formed at appropriate positions with
higher accuracy using a semiconductor processing technique. As a result,
the number of steps for adjusting 15 the positions of the photodetectors is
reduced in co~rparison with the case of the optical pickup shown in Fig. 3.
Also, because the photodetector unit 10 is produced as a single component
by forming every photodetector on the substrate 33, the number of
assembling steps and cost can be 20 reduced in comparison with the case
where the photodetector unit 10 is produced by arranging separate
photodetectors on the frame. Further, if the semiconductor laser elements
17a and 17b are also formed on the substrate 33, the semiconductor 25 laser
elements 17a and 17b and the photodetectors are all integrated into a
single component. In this case, the 56 



25 February 2003 adjustment cost, assembling cost. and the number of parts
are further .educed. (5) :ig. 17 shows a case where the photodetector unit
10 shown in Fig. 16 is modified by providing the semiconductor 5 laser
elements 17a and 17b in a zybrid manner. As shown in Fig. 17, a depression
35 is formed at the center of the sLbstrate 33 with a semiconductor
processing technicue. The depression 35 has a reflection plane (a mirror
plane) with an angle of around 45 degrees to the surface of the substrate
33 and end-face 10 light-emitting semicor_ductor laser elements 17a and 17b
are provided in the depression 35) Fig. 18 is a sectional view taken along
line A-A' of =ig. 17. As shown in Fig. 18, the semiconductor laser element
17a or 17b emits the laser beam LB toward the reflection plane 34, which
then directs the laser 15 beam LB toward an optical recording medium. With
this construction, the positional relat~,ons between the semiconductor
laser elements 17a and 17b and the photodetectors can be adjusted in a
two-dimensional manner by changing the direction of travel of the principal
ray reflected 20 by the reflection plane 34. That is, by merely adjusting
the positions of the semiconductor laser elements 17a and 17b at the bottom
of the depression 35 in a two-dimensional manner, the principal ray of a
laser beam is brought to match the optical axis of the objective lens 6 and
the length of the optical 25 path from the Sight-emitting point of the
semiconductor laser element 17a or I7b to the objective lens 6 is adjusted.
As 57   25 February 2003 a result, the optical adjustments during
assembling become easy and ~hus the cost of manufacturing is reduced. Note
that the angle of the reflection plane 39 is not limited to 95 degrees.
Thai. is, this angle can be set freely 5 so long as reflection light is
incident on the light splitting 



hologram 24 . When doing so, t!~e light emi sting angles of the
semiconductor laser elements 1'7a and 17b also need to be taken into
account. Also, instead of providing the semiconductor laser 10 elements 17a
and 17b in a hybrid manner, a two-wavelength semiconductor laser element
formed on a single substrate may be provided on the substrate 33. (6) The
current-voltage conversion circuitsand wiresshown in Fig. B are also
provided on the substrate 33 shown in Figs. 15 16 and 17. The
current-voltage conversion circuits and wires can be formed without
difficulty using a semiconductor processing technique. In addition, it is
preferable to form all or some of tr~e focus error calculation circuit 28,
the differential push-pull circuit 29, the phase comparison 20 calculation
circuit 30, the three-beam calculation circuit 31, the judgement circuit
301, and the selection circuit 302 shown in Fig, 7 as an integrated circuit
on the substrate 33 with a semiconductor processing technique. In this
case, the photodetector unit and other circuits 25 are integrated on the
substrate 33. As a result, the number of assembling steps, the number of
adjusting steps, and the 5B   25 February 2003 manufacturing cost are
reduced. Because the number of assembling steps and the number of adjusting
steps are reduced, the reliability of the optical reproduction apparatus is
increased. 5 ( 7 ) As shown in Fig. 19, the frame 1 S may be covered wi th
the hologram optical component 23 instead of the transparent substrate 22.
That is, the transparent substrate 22 and the hologram optical component 23
may be integrated into one piece. Tn this case, because a case is composed
of the hologram 10 optical component 23 and the frame 16, the positional
relations between the hologram optical component 23 and the photodetector
unit 10 in the frame 16 can be adjusted without difficulty. This
construction also contributes to reduce the number of parts and the number
of manufacturing steps of an optical 15 reproduction apparatus, in
comparison with the case where the transparent substrate 22 and the
hologram optical component 23 axe separate components . As a result, an
inexpensive optical reproduction apparatus can be achieved. Although the
hologram optical component 23 of the optical 20 reproduction apparatus of
the present embodiment can be made of an optical glass or resin, it is
preferable to use a resi.^. as the material of this component 23. This is
because the shape of the hologram optical component 23 can be freely
designed with the resin. For instance, the transparent substrate 22 25 and
the hologram optical component 23 can be integrated into one piece. Also,
because the hologram optical component 23 59   25 February 2003 can be
formed using a mold if this component is made of a resin, hologram optical
components having stable characteristics can be mass-produced. This
achieves an inexpensive optical reproduction apparatus. 5 (B) As shown in
Fig. 2, in the optical pickup 1 of the present embodiment, only the obj ec
rive lens 6 is provided on the movable member 1 03 and moves according to
the servo signals sent from the focus servo circuit 304 and the tracking
servo circuit 303. 10 With this cor_structzon, the focal point is adjusted 



and the information recording secruences are traced by moving only ;.he
objective lens 6. Therefore, in this case, the principal ray of a laser
beam emitted from a semiconductor laser element rnay deviate from the
optical axis of the ob j ective 15 lens 6. This results in leas aberrations
and degrades the optical characteristics of .the optical pickup 1. As a
result, information recording signals cannot be written onto or read from
the optical recording medium 4 with accuracy. To overcome this problem, the
semiconductor laser 20 elements and collimator lens, in addition to the
objective lens 6, may also be provided on the movable member 103. With this
construction, the positional relations between these construction elements
can remain invariant and the optical deviations in the optical system of
the optical pickup 1 can 25 be avoided. Fig. 20 is a longitudinal sectional
~r:iew of the optical 60   25 February 2003 pickup 1 modified in this
manner. Note that the same construction el ements as in Fig. 2 are assigned
the same numbers . The following description centers on the differences
between the optical pickups shown i:~ Figs. 2 and 20 and, ~herefare, 5
omits the same aspects. As shown in Fig. 20, the optical pickup 1 of this
modification has a construction wr.ere the objective lens 6, the
photodetector unit 10, the hologra.~n optical component 23, and the mirror
109 are provided within a case-like movable 10 member 103 and this movable
member I03 is attached to the fixing member 101 using a plurality of
supporting wires Z02 so that the movable member 103 can move in a tracking
direction or in a focusing direction. Eere, the supporting wires 102 double
as signal lines or power feeding lines to the photodetector 15 unit 10 and
the coil unit 105. Therefore, the number of the supporting wires I02 is
appropriately set to be greater than the total number of the signal lines
and power feeding lines . This saves the need to additionally connect leads
to the movable member 103 and to route the leads to the outside . As a
result, 20 the movable member 103 moves smoothly and the information
recording sequences of the optical recording media 4 are traced with high
accuracy. By providing all construction elements of the optical system of
the optical pickup within the movable member 103 25 in this manner, the
positional relations between the objective lens 6 and the semiconductor
laser elements 17a and 17b can 61   25 February 2003 remain invariant even
du=ing the focusing operation and the tracking operation. As a result, the
optical pickup of this modification exhibits stable optical
characteristics, in comparison with the optical pickup shown in Fig) 2, and
5 reproduction and recording operations are performed with accuracy. (9)
The present embodiment relates to an optical recording and reproduction
apparatus. However, an apparatusspecialized in the recording onto optical
recording media or the r eproduc tion 



10 of opt:.cal recording media may be constructed according to this
embodiment. <Second ~'mbodiment> <Construction> 15 Fig. 21 shows the
construction. of the main part of an optical pickup 7. according to the
second embodiment of the present invention. As can be understood by
comparing Figs. 3 and 21, the present optical pickup 1 further includes a
beam splitter 37, a reflection plane 38, and a polarization divider 20 39.
Also, the frame 16 is enlarged to further include photodetectors 40 and 41
as construction elements of the photodetector unit 10. The following
description centers on the differences between the optical pickups of the
first and second embodiments and, therefore, omits the same aspects. 25
Also, the following description centers on the differences between the
circuit systems of the first and second embodiments 62   25 February 2003
and, therefore, omits the same aspects. The returning 1 fight from the
cptical recording medium 4 passes through the objective lens 6 and the
collimator lens 5 and is divided by the beam splitte= 37 into a reflection
5 light, which is bent by 90 decrees, and a transmitted light. The
reflection light is further bent by 90 degrees by the reflecticn plane 38
and strikes the polarization divider 39, which then divides the reflection
light into two beams . These beams are respectively incident on the
photodetectors 90 and 10 41. The construction of the photodetector unit 10
in the frame 16 ~ s shown in Fig. 22. As can be understood by comparing
Figs . 9 and 22, the photodetectors 40 and 41 are additionally used in this
embodimenr. The photodetectors 40 and 41 are 1S arranged to receive two
returning lights from the polarization 



divider 39. The photodetectors 40 and 41 are used to read information
recording signals frflm a magneto-optical recording medium or an optical
recording medium of a reflectivity modulation type. 20 If the optical re
cordingmedium9 is amagneto-optical recording medium, an information
reproduction circuit (not shown) reproduces information recording signals
by calculating differences between outputs from the photodetector 40 and
those from the photodetector 41. Also, if the optical recording 25 medium 4
is an optical recording medium, on which pre-pits are formed, or an optical
recording medium of a reflectivity 63   _ 25 February 2003 modulation type,
such as a phase change recording medium, the information reproduction
circuit reproduces information recording signals by calculating zhe sums of
outputs from the photodetector 90 and those from the photodetector 41. 5
.gin addition to the effect of the first embodiment, an optical
reproduction apparatus equipped with the present optical pickup having this
construction can selectively reproduce a magneto-optical recording medium
and an optical recording medium of a reflectivity modulation type by 10
respectively calculating differences between andsumsof output s=gnats of
two returning lights ge:~erated by the polarization divider 39.
<Modifications> 15 It should be noted here that the effect described above
can also be achieved by the following modifications of the optical
reproduction apparatus of the second embodiment. (1) As shown in Figs. 23
and 24, the semiconductor Laser elements 17a and 17b, the photodetector
units 18-21, and the 20 photodetectors 90 and 41 may be integrally formed
on a substrate 42. Also, it does not matter whether the semiconductor laser
elements 17a and 17b are formed on the substrate 42 in a hybrid manner or
in a monolithic manner. For instance, the semiconductor laser elements 17a
and 17b may be flat 



25 light-emitting semiconductor laser elements formed with a semiconductor
processing technique. 64   25 February 2003 Also, as shown in Fig. 25, in
addition to the photodetector sets 18-21 and the photodetectors 90 and 41,
a depression 44 having a reflection plane 43 with an angle of around 95
degrees to the su=face of the substrate 42 may 5 be formed on the substrate
42 with a semiconductor processing techniaue. In obis case, end-face
light-emitting semiconductor laser elements 17a and 17b are provided in the
depression 44. These semiconductor laser elements 17a and 17b emit light
beams toward the reflection plane 43, which 10 then directs the light beams
toward an optics 1 recording medium. With this construction, in addition to
the semiconduc~or laser component 17, the reflection plane 43 for
reflecting the light beam emitted from the semiconductor laser component 17
is provided on the substrate 42. Therefore, by adjusting 15 the direction
of travel of the principal ^ay from the reflection plane 43, the positional
relations between the semiconductor laser elements and the photodetectors
can be controlled in a two-dimensional manner. Also, using a semiconductor
processing technique, these construction elements can beformed 20 on the
same substrate with high accuracy. Therefore, in this case, the number of
adjusting steps during production and the hardware scale and the number of
parts of an optical reproduction apparatus can be reduced. (2? At least one
of an integrated circuit for performing 25 the curren~-voltage conversion,
calculation, and selection of focus error signals and tracking error
signals and an d5   25 February 2003 integrated circuit for performing the
current-voltage conversion and calculation of information recording signals
may be formed on the substrate 42. In this case, because at least one of
these integrated 5 ci=cuits is formed on the substrate 42, there is no need
to use an external integrated circuit for each integrated circuit formed on
the substrate 92 . This makes the optical reproduction apparatus resistant
to external noise, such as floating noise, and reduces the hardware scale
of the optical reproduction 10 apparatus including the integrated circuits.
(3) The beam splitter 37, the reflection plane 38, and the polarization
divider 39 may be integrated into one piece. For instance, as shown in Fig.
26, a combination p=ism 45, into which the functions of these construction
elements 37-39 15 are combined. may be used. Also, as shown in this
d=awing, 



the frame 16 may be covered with the hologram optical component 23 instead
of the transparent substrate 22. Further, the hologram optical component 23
may be made of a resin, a base 46 that supports the combination prism 95
may be formed in 20 the hologram optical component 23, and the
co.~nbination prism 95 may be placed directly on the hologram optical
component 23. In this case, because the beam spl:.tter 37, the reflection
plane 38, and the polarization divider 39 are 25 integrated into one piece,
the number of parts of the optical reproduction apparatus is further
reduced. Also, because the 66   25 February 2003 hologram optical component
23 is made of a resin, it is possible to freely design the hologram optical
component 23 and adjust the length of the optical path. Also, in this case,
because the functions of the beam 5 splitter 37, the reflection plane 38,
and the polarization divider 39 are co_~nbi ned into the combination prism
45, it becomes unnecessary to adjust the positions of these construction
elements 37-39. This achieves an optical reproduction apparatus chat is
inexpensive and his stable optical 10 characteristics. (9) The present
embodiment also relates to an optical recording and reproduction apparatus.
However. an apparatus specialized in the recording onto optical recording
media or the reproduction of optical recording media may be constructed 15
according to this embodiment. Although the present invention has been fully
described by way of examples with reference to the accompanying a.rawings,
it is to be noted that various changes and modifications will be apparent
to those skilled in the art. Therefore, unless 20 otherwise such changes
and modifications depart from the scope of the present invention, they
should be construed as being included therein. 67   25 February 2003 What
is claimed is: 1 1. A photode:ector unit for use with an optical pickup
that 2 irradiates an optical recording medium with a laser beam and 3
receives re~urning light reflected by the optical record:.ng 4 mediu~Tn, 5
wherein the optical pi ckup is constructed to (1 ) divide 6 the laser beam
into a main beam, a preceding sub-beam, and '1 a succeeding sub-beam, ( 2 )
direct the main bears, the preceding B sub-bears, and the succeeding
sub-beam toward the optical 9 recording medium, and ( 3 ) divide returning
lights of the main 10 beam, the preceding sub-beam, and the succeeding
sub-bea^~ 11 respectively into first-fourth main returning lights, 12
first-fourth preceding returning lights, and first-fourth 13 succeeding
returning lights, and 



19 the photodetector unit comprises: 15 first-fourth main photodetectors
that respectively '6 xeceive the first-fourth main returning lights; 17
first-fourth preceding photodetectors that 1B respectively receive the
first-fourth preceding returning 19 lights; and 20 first-fouxth succeeding
photodetectors that 21 respectively receive the first-fourth succeeding
returning 22 lights . Z 2. The photodetector unit of Claim 1, 68   25
February 2003 2 wherein the first-fourth main photodetectors are 3 arranged
in a virtually straight line, and 4 each of the first-Fourth main
photodetectors includes 5 at least two photodetecting portions arranged
perpendicular 5 to an arrangement direction of the f:.rst-fou=th main 7
photodetec~ors. 1 3. The photodetector unit of Claim 2 further comprising:
? a first wiring group that includes firs signal lines 3 and transmits a
received light signal used to perform a push-pull 4 method, the first
signal lines being respectively conected 5 to the photodetecting portions
of the first-fourth main 6 photodetectors, the first-fourth preceding
photvdetectors, 7 and the first-fourth succeeding photodetectors: 8 a
second wiring group that includes seccnd signal lines 9 and transmits a
received light signal used to perform a 10 differential phase detection
method, the second signal lines ~J, being respectiveJ.y connected to the
photodetecting portions 12 of the first-fourth main photodeteCtors~ and 13
a third wiring group that includes third signal lines 14 and transmits a
received light signal used to perform a three-beam 15 method, the third
signal lines being respectively connected 16 to the first-fourth preceding
photodetectors and the ~7 first-fourth succeeding photodetectors. 1 4. The
photodetector unit of Clairn 3 further comprising: 69   



25 February 2003 2 a first circuit that generates a first tracking error 3
signal from the received light signal, which is transmitted 4 from the
first wring group, according to the push-pull method; 5 a second circuit
that generates a second tracking error 6 signal from the received light
signal, which is transmitted 7 from the second wiring group, according to
the differential 8 phase detection method; and 9 a third circuit that
generates a third tracking error '7 signal from the received light signal,
which is transmitted 11 from the third wiring group, according to the
three-beam:nethod. 1 5. The photodetector unit of Claim 1 further
comprising a laser 2 emitting means for emitting the laser beam. 1 6. The
photodetector unit of Claim 5, 2 , wherein the first-fourth main
photodetectors are 3 arranged in a virtually straight line, and 4 the laser
emitting means is arranged at virtually a 5 center of an array of the
first-fourth main photodetectors. 1 7. The photodetector unit of Claim 5, 2
wherein photodetecting surfaces of the photodetectors 3 are arranged within
virtually the same plane, and the laser emitting means emits the laser beam
5 perpendicular to the plane. 70   25 February 2003 1 8. The photodetector
unit of Claim 1, 2 wherein the photodetectors are formed on a single 3
semiconductor substrate, 4 wherein the substate includes a depression, an
inside 5 wall of which is a mirror plane inclined at a certain degree 6 to
a surface of the substrate and in which a semiconductor 7 laser element is
provided to emit the laser beam toward the 8 mirror alane. 1 9. The
photodetector unit of Claim 8, 2 wherein at least two semiconductor laser
elements, 3 which emit laser beams of different wavelengths, are arranged 4
in the depression. 1 10. The photodetector unit of Claim 1, 1 wherein the
photodetectors are formed on a single 2 semiconductor substrate, and 3 a
first semiconductor laser element is provided on 9 the substrate, the first
semiconductor laser element emitting S the laser beam virtually
perpendicular to a surface of the 6 substrate. 1 11. The photodetector unit
of Claim 10, 2 wherein a second semiconductor laser element is further 3
provided on the substrate, the second semiconductor laser 4 element
emitting a laser beam virtually perpendicular to the 71   25 February 2003 



5 surface of the substxate, the first and second semiconductor 6 laser
elements emitting laser beams of di=ferent wavelengths. 1 ? 2 . A
photodetector unit for use wi th an optical pickup that 2 irradiates an
optical recording medium with a laser beam and 3 receives returning light
reflected by the optical recording 4 medium, 5 wherein the optical pickup
is constructed to (1) divide 5 the laser beam into a main beam, a preceding
sub-beam, and 7 a succeeding sub-beam, (2 ) direct the main beam, the
preceding 8 sub-beam, and the succeeding sub-beam toward the cptical 9
recording medium, and (3) divide returning lights of the main 10 beam, the
preceding sub-beam, and the succeeding sub-beam 11 respectively into
first-fourth main returning lights, 12 first-fourth preceding returning
lights, and first-fourth 13 succeeding returning lights, and 14 the
photodetector unit comprises: 15 first -fourth main photodetectors that are
arranged 16 in a virtually straight line and respectively receive the 17
first-fourth main returning lights; 18 first-fourth preceding
photodetectors that are 19 arranged in a virtually straight line and parall
el to an array 20 of the first-fouxth main photodetectors on a side of the
array, 21 the first-fourth preceding photodetectors respectively 22
receiving the first-fourth preceding returning lights; 23 first-fourth
succeeding photodetectors that are 72   25 February 2003 24 arranged in a
virtually straight line and parallel to the array 25 of the first-fourth
main photodetectors on an opposite side 26 of the array, the first-fourth
succeeding photodetectors 27 respectively receiving the first-fourth
succeeding return:.ng 28 lights; 29 a current-voltage co:lversion circuit
group that 30 converts current signals, which are obtair_ed from the 31
photodetectors and correspond to received light amounts, into received
light signals representing voltage values 33 corresponding to the received
light amountst 34 a first wiring group that transmits a first received 35
light signal group used to perform a push-pull method, the 36 first
received light signal group corresponding to 37 photodetecting portionsof
the first-fourth main photodetectors, 3B the first-fouzth preceding
photodetectors,and thefirst-fourth 39 succeeding photodetectars~ 40 a
second wiring group that transmits a second received 41 light signal group
used to perform a dif ferential phase detection 42 rtcethod, the second
received light signal group corresponding 43 to the photodetecting portions
of the first-fourth main 94 photodetectors; and 95 a thzrd wiring group
that transmits a third received 46 light signal group used to perform a
three-beam method, the 47 third received light signal grcup corresponding
to the 98 first-fourth preceding photodetectvrs and the first-fourth 49
succeeding photodetectors, 73   25 February 2003 50 wherein the
photodetectors, the curren~-voltage 51 conversion circuit group, and the
wiring groups are integrally 52 formed on a single semiconductor substrate.



1 13. The photodetector unit of Claim 12 further comprising: 2a first
circuit that generatesa first tracking error3signalfrom the first received
lightsignal group according9to thepush-pull. method;a second circuit that
generatesa second tracking error5signalfrom the second received 1
fightsignal group according7to thedifferential phase detection method;
and8a third circuit that generatesa third tracking error9signalfrom the
third received lightsignal group according10to thethree-beam
method,11wherein thefirst-third circuits are integrally formed12on
thesemiconductor substrate_ 1 14. The photodetector unit of Claim 12, 2
wherein the substrate includes a depression, an inside 3 wall of which is a
mirror plane inclined at a certain degree 4 to a surface of the substrate
and in which a semiconductor 5 laser element is provided to emit the laser
beam toward the 6 mirror plane. 1 15. The photodetector unit of Claim 19, 2
wherein at least two semiconductor laser elements, 74   25 February 2003 3
which emit laser beams of different wavelengths, are arranged 4 in the
depression. 1 1G. The photodetector ?nit of Claim 12, 2 a first
semiconductor laser element is provided on 3 the substrate, the fi=st
semiconductor laser element emitting 4 the laser beam virtually
perpend=cular to a surface of the 5 substrate. 1 17. The photodetector unit
of Claim 16, 2 wherein a second semiconductor laser element is further 3
provided on the substrate, the second semiconductor laser 9 element
emitting a laser beam virtually perpendicular to the 5 surface of the
substrate, the first and second semiconductor 6 laser elements emitting
laser beams of different wavelengths. 1. 18. An optical pickup that
irradiates an optical recording 2 medium with a laser beam and receives
each returning light 3 reflected by the optical recording medium,
comprising: 4 a first semiconductor laser element that emits the 5 laser
beam; 6 a first diffraction grating that divides the laser 7 beam from the
first semiconductor laser element into a main 8 beam, a preceding sub-beam,
and a succeeding sub-beam; 9 a lens that has the main beam, preceding
sub-beam, 10 and the succeeding sub-beam converge on the optical recording
75   



25 February 2003 11 medium; 12 a second diffraction grating that is
provided virtually 13 parallel to the first diffraction grating and
generates 14 first-fourth rain returning lights, first-fourth preceding 15
returningl=ghts, and first-fourth succeeding returninglights 16 by
dividir_g each of returning lights of the main bean, the 17 preceding
sub-beam, and the succeeding sub-heam into a first 18 half beam and a
second half bezm and dividing each of the first 3 and second half beams
into two beams; and 20 a photodetector unit that includes first-fourth main
21 photodetectors that respectively receive thefirst-fourth main 22
returning lights, first-fourth preceding photodetectors that 23
respectively receive the first-fourth preceding rettarning 24 lights, and
first-fourth succeeding photodetectors that 25 respectively receive the
first-fourth succeeding returning 26 lights, 27 wherein photodetecting
surfaces of the photodetectors 'g are arranged within virtually the same
plane, and 29 the photodetector unit is arranged so that the 30
photodetecting surfaces are positioned virtually parallel to 31 the first
diffraction grating. 1 19. The optical pickup of Claim 18 further
comprising a case 2 that contains the photodetector unit and the
semiconductor 3 laser element, 4 wherein at least a part, which faces the
photodetector 76   25 February 2003 5 unit and the semiconductor laser
component, of the case is 6 formed with a transparent member, and 7 the
first and second diffraction gratings are provided 8 on the transparent
member. 1 20. The optical pickup of Claim 18, wherein the first-fourth 2
main photodetectors are arranged in a virtually straight line 3 and each
main photodetector includes at least two photodetecting t portions arranged
perpendicular to an arrangement direction 5 of the main photodetectors, 6
the optical pickup further comprising: 7 a first circuit that generates a
first tracking error 8 signal from a received light signal, which is
transmitted from 9 a first wiring group, according to a push-pull method 10
a second circuit that generates a second tracking error 11 signal from a
received light signal, which is transmitted from 12 a second wiring group,
according to a differential phase 13 detection method; and 14 a third
circuit that generatES a third tracking error 15 signal from a received
light signal, which is transmitted from 16 a third wiring group, according
to a three-beam method. 1 21. The optical pickup of Claim 20 further
comprising: 



2 a judging means for judging which one of the first-third 3 tracking error
signals is suitable for a tracking servo according 9 to amplitude levels of
the first-third tracking error si gnals 77   25 February 2003 5 detected
while the tracking servo is off: and 6 a selection circuit that selects one
of the first-third 7 tracking exror signals for the tracking servo
according to 8 a judgement result of the judging means. 1 22. The optical
pickup of Claim 18 further comprising a second 2 semiconductor lace= el
ement, the first and second laser elements 3 e~:itting laser beams of
dif~`erent wavelengths. 1 23. The optical pickup of Claim 22, 2 wherein the
judging means judges which one of the 3 first-third tracking error signals
is suitable for the tracking 4 servo according to amplitude levels of the
first-third tracking 5 error signals that are detected for respective laser
beams 6 of different wavelengths while the tracking servo is off. 1 29. The
optical pickup of Cla=m 18, 2 wherein the photodetector unit includes a
depression, 3 an inside wall of which is a mirror plane inclined at a
certain 4 degree to the photodetecting surfaces and in which a 5
semiconductor laser element is pxovided to emit the laser beam 6 toward the
mirror plane. 1 25. The optical pickup of Claim 24, 1 wherein a second
semiconductor laser element is further 2 provided in the depression, the
first and second semiconductor 78   25 February 2003 3 laser elements
emitting laser beams of different wavelengths. 1 2 6 . An optical
reproduction apparatus that reads and reproduces 2 information recorded on
an optical recording medium by 3 performing tracking servoing for a:~
optical pickup according 9 to a tracking error signal, 5 the optical
reproduction apparatus comprising: 6 a detection means for detecting
first-third tracking ' error signals according to different methods; 8 a
judging means for judging which one of the first-third 9 tracking error
signals is suitable for a tracking servo according 10 to amplitude levels
of the first-third tracking error signals 11 detected while the tracking
servo is off; and 12 a selection means for selecting one of the first-third
13 tracking error signals for the tracking servo according to 



14 a judgement result of the judging means. 1 27. The optical reproduction
apparatus of Claim 26 further 2 comprising two laser elements that emit
laser beams of different 3 wavelengths, 9 wherein the judging means judges
which one of the S first-third tracking error signals are suitable for the
tracking 6 servo according to amplitude levels of the first-third tracking
7 error signals that are detected for respective laser beams 8 of different
wavelengths while the tracking servo is off. 79   25 February 2003 1 28.
The optical reproduction apparatus of Claim 26, 2 wherein the judging means
fur~her judges a physical 3 shape of the optical recording medium according
to the amplitude 4 level s of the first-third tracking error signals
detected whit a 5 the tracking servo is off. 1 29. The optical reproduction
apparatus of Claim 26, 2 wherein the judging means further judges a type of
3 the optical recozding medium or selects candidates for the 4 type of the
optical recording medium according to the amplitude 5 levels of the
first-third tracking error signals detected while 6 the tracking servo is
off. 1 30. The optical reproduction apparatus of Claim 26, 2 wherein the
optical pickup includes a photodetector 3 unit that detects returning light
from the optical recording 4 medium, and is constructed to (1) divide a
laser beam inta 5 a main beam, a preceding sub-bear, and a succeeding
sub-beam, 6 (2) direct the main beam, the preceding sub-beam, and the 7
succeeding sub-beam toward the optical recording medium, and 8 (3) divide
returning lights of the main beam, the preceding 9 sub-beam, and the
succeeding sub-beam respectively into 10 first-fourth main returning
lights, first-fourth preceding 11 returninglights,and
first-fourthsucceeding returninglights, 12 wherein the photodetector unit
comprises: 13 first-fourth main photodetectors that respectively 80   



25 February 2003 14 receive the first-fog 15 first-fourth 16 respectively
receive 17 lights; znd 1$ first-fourth 19 respectively receive 20 lights.
:rth main returning lights; preceding photodetec:ors that the first-fourth
preced::ng returning succeeding photodetectors that the first-fourth
succeeding returning 1 31. The optical reproduction apparatus of Claim 26,
2 wherein the optical pickup irradiates the optical 3 recording medium with
a laser beam and receives each returning 9 light reflected by the optical
recording medium, 5 the optical pickup comprising: 6 a first semiconductor
laser element that emits the 7 laser beam; 6 a f=rst diffraction grating
that divides the laser 9 beam from the first semiconductor laser element
into a main "0 beau,, a preceding sub-beam, and a succeeding sub-beam; 11 a
lens that has the main beam, preceding sub-beam, 12 and the succeeding
sub-beam converge on the optical recording 13 medium: 14 a second dif
fraction grating that is provi ded virtually 15 parallel to the first
diffraction grating and generates 16 fixst-fourth main returning lights,
first-fourth preceding 17 returning Lights, and first-fourthsucceeding
returning lights 18 by dividing each of returning lights of the main beam,
the 81   25 February 2003 19 preceding sub-beam, and t::e succeeding
sub-beam into a first 20 half beam and a second halt beam and dividing each
of the first 21 and second half beams into two bears; and 22 a
photodetector unit that includes first-fourth ma=n 23 photodetectors that
respectively receive the first-fourth main 24 returning lights,
first-fourth preceding photodetectors that 25 respectively receive the
first-fourth preceding returning 26 lights, and first-fourth succeeding
photodetectows that 7 respectively receive the first-fourth succeeding
returning 2B lights, 29 wherein photodetecting surfaces of the
photodetectors 30 are arranged within virtually the same plane, and 31 the
photodetector unit is arranged so that the 32 photodetecting surfaces are
positioned virtually parallel to 33 the first diffraction grating. 1. 32.
An optical recording apparatus that records information 2 onto an optical
recordingmediumbyperforming tracking servoing 3 for an optical pickup
according to a tracking error signal, 4 the optical recording apparatus
comprising: 5 a detection means for detecting first-third tracking 



5 error signals according to different methods a judging means for judging
which one of the first-third 8 tracking error signals is suitable for a
tracking servo according 9 to amplitude levels of the first-third tracking
error signals 10 detected while the tracking servo is off; and 82   25
February 2003 11 a selection means for selec-.i ng one of the first-~hird
12 tracking error signals for the tracking servo according to 13 a
judgement result of the judging means. 1 33. The optical recording
apparatus of Claim 32 fu=then 2 comprising two 1 aser elements that emit
laser beams of different 3 wavelengths, 4 wherein the judging means judges
which one of the 5 first-t:zird tracking error signals are suitable for the
tracking 6 servo according to amplitude levels of the first-third tracking
7 error signals that are detected fo= respective laser beams 8 of different
wavelengths while the tracking servo is off. 1 39. The optical recording
apparatus of Claim 32, 2 wherein the judging means rurther judges a
physical 3 shape of the optical recozding medium according to the amplitude
9 levels of the first-third tracking error signals detected while the
tracking servo is off. 1 35. The optical recording apparatus of Claim 32, 2
wherein the judging means further judges a type of 3 the optical recording
medium or selects candidates for the 4 type of the optical recording med~
um according to the amplitude 5 levels of the first-third track_ng error
signals detected while 6 the tracking servo is off. 83   25 February 2003 1
35. The optical recording apparatus of Claim 32, 2 wherein the optical
pickup includes a photodetector 3 unit that detects returning light fron
the optical recording 9 medium, and is constructed to (1) divide a laser
beam into 5 a main beam, a preceding sub-beam, and a succeeding sub-beam, 6
(2) direct the main beam, the preceding sub-beam, and the 7 succeeding
sub-bea..rn toward the optical recording medium, and B (3) divide returning
lights of the main beam, the preceding 3 sub-beam, and the succeeding
sub-beam respectively into 



10 first-fourth ma=n returning lights, first-fou=t~'~ preceding 11
returninglights, andfirst-fou~thsucceeding returning lights, 12 wherein the
photodetectcr unit comprises: 13 first-fourth main photodetectors that
respectively 14 receive the first-fourth main returning lights; 15
first-fourth preceding photodetectors that 16 respectively receive the
first-fourth preceding retu=ping 17 lights; and B first-fourth succeeding
photodetectors that 19 respectively receive the first-fourth succeeding
returning 20 lights. 1 37. The optical recording apparatus of Claim 32, 2
wherein the optical pickup irradiates the optical 3 recording medium with a
lasei beam and receives each returning 4 light re`lected by the optical
recording medium, 5 the optical pickup comprising: $4   25 February 2003 6
a fi.rs~ semiconductor laser element that emits the 7 laser beam: 8 a first
diffraction grating that divides the laser 9 beam from the first
semiconductor laser element into a main 10 beam, a px'eceding sub-bezm, and
a succeeding sub-beas~n; 11 a lens that has the main beam, preceding
sub-beam, 12 and the Succeeding sub-beam converge on the optical recording
13 medium 4 a second diffraction grating that is provided virtually 15
parallel to the first diffraction grating and generates 25 `first-fourth
main returning lights, first-fourth preceding 17 returning lights, and
first--fourth succeeding returning lights 18 by divi ding each of returning
lights of the rlain beam, the 19 preceding sub-beam, and the succeeding
sub-beam into a first 20 half beam and a second half beam and dividing each
of the first 21 and second half beams into two beans; and 22 a
photodetector unit that includes first-fourth main ''3 photodetectors trot
respectively receive the first-fourthma~.r~ 24 returning lights,
first-fourth preceding photodetectors that 25 respectively receive the
first-fourth preceding returning 26 lights, and first-fourth succeeding
photodetectors that 27 respectively receive the first-fourth succeeding
returning 28 lights, 29 wherein photodetecting surfaces of the
photodetectors 30 are arranged within virtually the same plane, and 31 the
photodetector unit is arranged so that the 85 



25 February 2003 32 photodetecting surfaces are positioned virtually
parallel to 33 the first diffraction grating. 1 38. An optical pickup that
reads information from an optical 2 recording medium by di~iding a laser
beam into a vain beam, 3 a preceding sub-beam, a::d a succeeding sub-beam,
directing 4 the beams toward an optical recording mediu_Tn, and receiving 5
each returning light refl ected by the optical record_ng medium, 5 the
optical pickup comprising: 7 a light dividing component that optically
divides each 8 returning light into four divided beams; and 9 a
phatodetectox unit including first-fourth main 10 photodetectors that
respectively receive the divided beams Z1 of the returning light of the mai
n bears, first-fourth preceding 12 photodetectors that respectively receive
the divided beams 13 of the returning light of the preceding sub-beam, and
14 first-fourth succeeding photodetectors that respectively S receive the
dividedbeams of the returning light of the succeeding 16 sub-beam. 1 39.
The optical pickup of Claim 38, 2 wherein the light dividing component
includes two light 3 diffraction elements that respectively receive and
diffract 4 a first half and a second half of each returning light, and 5
each photodetector is arranged to receive one 6 diffraction light from the
,light diffraction elements. 86   25 February 2003 1 40. The optical pickup
o~ Claim 39, 2 wherein the light diffraction elements are each a 3 hologram
element and respectively diffract a received half 4 of each returnir_g
light into a positive first-order diffraction 5 light and a negative
first-order diffraction light to divide each returning light into four
beams. 87
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