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TITLE OF THE INVENTION

PHOTODETECTOR UNIT, AND OPTICAL PICKUP, OPTICAL
REPRODUCTION APPARATUS, AND OPTICAL RECORDING
' APPARATUS EQUIPPED WITH THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present inventionrelates toanoptical reproduction
apparatus that isusedtoreadinformation fromoptical recording
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

In recent years, various standards adopting different
physicalformatshavebeencreatedforopticalrecordinguedia.
For instance, optical recording media based on different
standards have different recording densities. This generates
demand for a multi-standard optical reproduétion apparatus
that can reﬁroduce various types of optical recording media
having different physical formats. .

Amulti-standard optical reproduction apparatus, which
reproduces optical recording media having different recbrding
densities, is disclosed by Japanese Laid-Open Patent
Application No. H9-180212.

In this conventional optical reproduction apparatus,
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a photodetectbr unit for receiving returning light reflected
by an optical recording medium includes a plurality of
photodetectors toobtain received light signals for a three-beam
method and received light signals for a differential phase
detectionmethod. Here, each of thesemethods is used todetect
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
media (DVD-ROMs) .

The optical reproduction apparatus first receives a
user's specification showing whether an optical recording
medium piaced therein has a high recording density. If the
optical recording medium has a high recording density, the
optical reproduction apparatus detects a tracking error signal
according to the differential phase detection method. If the
optical recordingmediumhasa lowrecordingdensity, theoptical
reproduction apparatus detects a tracking error signal

according to the three~beam method. The optical reproduction

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
apparatus reproduces both bf low~-density optical recording

media, such as CD-ROMS, and high-~density optical recording

e
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media, such as DVD-ROMs.

As described above, the conventional optical
reproduction apparatus is capable of reproducing optical
recordingmedia (such as CD-ROMs and DVD-ROMs) having different
recording densities. However, it is difficult for this
reproduction apparatus to support other types of optical
recording media that have recently become available.

Moré specifically,'because recent optical recording
media adopt various physical formats having different track
pitches and different track shapes (pit sequences or continuous
grooves), it is difficult to reproduce these optical recording
mediawithasingle optical reproduction apparatus. Asaresult,
a plurality of optical J_:eprod'uc.ti_on apparatuses need to be
used to reproduce the different types of optical recording
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
a photodetector unit that is suitable for the reproduction
of or recording 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
and is capable of reproducing or recording onto various types

of optical recording media. The third object of the present

3
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invention is to provide an optical reproduction apparatus that
is suitable for the reproduction of various types of optical
reéording media. The fourth object of the present invention
is to provide an optical recording apparatus that is suitable
for the recording onto various types of optical recordingmedia.

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
pickup is constructed ﬁo (1) divide the laser beam into a main
beam, a preceding sub—beam,'and a succeeding sub-beam, (2)
direct themain 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,
and the succeeding sub-beam respectively into first-fourth
mainreturninglights, first-fourthprecedingreturninglights,
and first-fourth succeeding returning lights, and fhe
photodetector unit includes: first-fourth main photodetectors
that respectively receive the first—fourth main returning
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.

This construction allows the photodetector unit to

detectat least threetypesof trackingerrorsignalsbycombining

4
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the received light iignals 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
corresponding to the type of the optical recording medium.
Here, the first-fourth main photodétectors 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
arrangement direction of the first~fourthmain 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
portions of the first-fourth main photodetectois, the
first-féurth 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
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
first-fourth preceding photodetectors and the first-fourth

succeeding photodetectors.
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With this construction, the first-third wiring groups
output received light signals fespectively appropriate to the
push-pull method, differential phase detection method, and
three-beam method that are tracking error s:.gnal detection
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 methed; a second

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 c¢ircuit that generates a third tracking
error signal fromthereceivedlight signal, whichis transmitted
from the third wiring group, according to the three~beammethod.
With this construction, the first-third circuits
independently generate the first-third tracking error signéls
according to the push-pull method, differential phase detection
method, and three-beam method. |
The first _object is also achieved by a photodétector
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
beam, a preceding sub-beam, and a succeeding sub-beam, (2)

direct themain beam, the preceding sub-beam, and the succeeding

6
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sub-béam 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
mainreturnihglights,first-fourthprecedingreturninglights,
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
straight line and parallel to an érray of the first-fourth
main photodetectors on a side of the array, the first-fourth
preceding photodetectors respectively receiving the
first-fourth preceding zeturning lights; first-fourth
succeeding photodetectors that are arranged in a virtually
straight line and parallel to the array of the first-~fourth
main photodetectors on an opposite side of the array, the
first-fourthsucceedingphotodetectorsrespectivelyreceiving
the first-fourth succeeding returninglights; acurrent-voltage
conversion circuit group that conveits current signals, which

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 £irst received light signal group
used to perform a push-pull method, the first received light
signal group corresponding to photodetecting portions of the

first-fourth main photodetectors, the first-fourth preceding
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photodetectors, and the first-fourth succeeding
photodeteétots; a second wiring group that transmits a second
received light signal group used to perform a differential
phase detection method, the second received light signal group
corresponding t¢ 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
photodetectoréandthefirst—fourthsucceedingphotqdetectors,
where the photodetectors, the current-voltage conversion
circuit group, and the wiring groups are integrally formed
on a singie semiconductor substrate.

With this constrpction, the optical reproduction
apparatus equipped with the present photodetector unit is
capable of using a plurality of tracking error signal detection
methods by combining the received 1light signals of ﬁhe
photodetector groups. This allows the optical reproduction
apparatus to support various types of optical recording media
Having different track shapes and different track pitches.
Also, because the photodetectors, current-voltégé conversion
circuit group, and wiring groups are integrally formed on the
same semiconductor substrate with a semiconductor processing
technique,thephotodetectorunitisproducedwithhighaccuracy
and the number of parts and cost of the phoﬁodetector unit

are reduced.
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Here,asecondsemicondﬁctorlaserelemehtmaybefurther
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
laser elements emitting laser beams of different wavelengths.

With this construction,_ﬁhé photodetector unit uses
two semiconductor laser elements. This allows two types of
tracking error signals tobe detected according to each tracking
error signal detection method. As a result, the number of
types of optical recording media supported by the present
photodetector unit is increased, and a semiconductor laser
element, which e_mits the laser beam of a wavelength appropriate
to the type of the optical recording medium, is selected during |
recording or reproduction. _

The second object stated above is achieved by an optical
pickup that irradiates an optical recording medium with a laser
beam and receives eaéh returning light reflected by the optiéal
recording medium, including: a first semiconductor laser
element that emits the laser beam: a first diffraction grating
that divides the laser beam from the first semiconductor lasex
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
parallel to the first diffraction grating and generates

first-fourth main returning lights, first-fourth preceding
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_réturning lights, and first-fourth succeeding returning lights
by dividing each of returniné 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
and second half beams into two beams; and a photodetector unit
that includes first-fourth main photodetectors that
respectively receive the first-fourth main returning 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, where
photodetecting surfaces of the photodetectors are arranged
within virtually the same plahe, and.the photodetector unit
is arranged so that the photodetecting surfaces are positioned
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.

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
recorded on an optical recording medium by performing tracking

servoing for an optical pickup according to a tracking error

10
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signal, the optical -reproduction .apparatus including: a
detectionunitfordetectingfirst-thirdtrackingerrorsignals
according to different methods; a judging unit for judging
which one of the first-third tracking error signals is suitable
for a tracking servo according to amplitude levels of the
first-third tracking error signals detected while the tracking
servo is off; and a selection unit for selecting one of the
first-third tracking error signals for the tracking servo
according to a judgemenﬁ result of the judging unit.

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 detectionmethods. Withthe construction
stated above, the optical reproduction apparatus selects a
tracking error signal detection method, which is appropriate
to the type of the optical recording medium. As a result,
the Bptical reproduction apparatus precisely controls the
focusing and tracking operations of the optical pickup and
réproducés information on the optical recording medium with
accuracy.

The fourth object stated above is achieved by an optical
recording apparatus that recoids information onto an optical
recording n;edium by perxforming tracking sexrvoing for an optical
pickup according to a tracking error signal, the optical
recording apparatus including: a detection unit for detecting

first-third tracking error signals according to different

11
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methods: a judging uﬁit for judging which oné of the first-third
trackingerxror signais issuitable fora tracking servo acco;ding
to amplitude le.vels of the first-third tracking erxror signals
detected while the tracking servo is off; and a selection unit
for selecting one of the first-third trackihg error signals
for the tracking servo according to a judgement result of the
judging unit.

By combining the received 1light signals of the
photodetector groups of the photodetector unit, this optical

recording apparatus is capable of using a plurality of tracking

_error signal detection methods. With the construction stated

above, the opticgl reéording apparatus is capable of selecting
a tracking error signal detection method, which is appropriate
to the type of the optical recording medium. As a result,
the optical recording apparatus precisely controls the focusing
and tracking operations’ of the optical pickup and records

information onto the optical recording medium with accuracy.

BRIEF DESCRIPTION OF THE DRAWINGS

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 illustratea specific embodiment of the invention.

In the drawings:
Fig. 1 is a block diagram showing the main construction

elements of an optical recording and reproduction apparatus

12
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according to the first embodiment of the present invention:

Fig. 2 is a longitudinal sectional view of an optical
pickup of the optical recording and reproduction apparatus;

Fig.'3 is a longi;udinal sectional view of the optical
system of the:roptical pickup, where the main construction
elements of the optical system are shown;

Fig. 4 shows how photodetectors are arranged in a
photodetector unit:

Fig. 5 shows the construction of a returning light
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 relation between a circuit
system and the photodetector unit in the optical pickup:;

Fig. 8 shows an example wiring state where
current-voltage conversion circuits, the photodetectors, and
wires are connected to each other:;

Fig. 9 shows an example construction of a focus error
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;

Fig. 12 shows an example construction of a three-beam

calculation circuit;

13
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Figs. 132 and 13B are flowcharts showing the judgement
processing of a judgement circuit in detail;

Fig. 14 shows an example table where each combination
of amplitude judgement results concerning tracking error
signals is associated with one physical shape, one media type,
onesemicondhctorlaserelement,andonetrackingerrorsignal;

Fig. 15 shows the optical system of the optical pickué
and the construction of a photodetector device using a
photodetector unit whose construction.élements are all formed
on the same semiconductor substrate;

Fig. 16 shows how the photodetectors formed on the
semiconductor substrate are arranged;

Fig. 17 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 the surface of the
semiconductor substrate;

Fig. 18 is a sectional view of the photodetector uﬁit
taken along line A-A' of Fig. 17;

Fig. 19 shows an'example construction where a case
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
an optical pickup according tb the second embodiment of the

present invention;

14
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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
embodiment, where the optical 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
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 the surface of the
semiconductor substrate; and

Fig. 26 shows the construction of the main part of
an optical pickup where a beam splitter, a reflection plane,

and a polarization divider are integrated into one piece.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

<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
apparatus”) according to the first embodiment of tﬁe present

invention.

15



10

15

20

25

As shown in this drawing, this optical reproduction
apparatusincludesancpticalpickupl.afocuserrorcalculation
circuit 28, a differential push-pull circuit 29, a phase
comparison calculatioen circuit 30, a three-beam calculation
circuit 31, a judgement circuit 301, a selection circuit 302,
a tracking servo circuit 303, a focus servo circuit 304, a
disc motor 305, 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

circuit 310, and so on.

An optical recording medium 4 is rotated by the disc
motor 305 at a predetermined rotational speed. The optical
pickup 1 is displéced in the radius direction of the optical
recording medium 4 by a publicly known sliding mechanism (not
shown) whose power source is a traverse motor 31l 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 medium 4.

The information signal detection circuit 309 detects
a information signal and an address signal (sub-coding) from
a detection signal sent from the optical pickup 1 and ocutputs
the information signal to the outside. Also, the information
signal detection circuit 308 outputs the address signal to
the discmotor control circuit 306 and the traversemotor control
circuit 307.

The disc motor control circuit 306 and the traverse

16
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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 of the optical recording

" medium 4.

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~beam) and directs these beams toward the optical
recording medium 4. The optical system also splits each
returning light reflected by the optical recording medium 4
into four beams. That is, the optical system splits the
returninglighfofthenainbeam(hereinafter,themainreturning
light) into the first-fourth main returning lights, the
returning light of the prededing'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
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-fourthnainreturninglights,thefirst—fourthpreceding
photodetectors (18a, 19a, 20a, and 21a) for respectively

receiving the first-fourth preceding returning lights, and
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the first-fourth succeeding photodetectors (18e, 1%e, 20e,
and 2le) 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
Detection) method for the detection of focus error signals.
More specificall&, the first main photodetector is divided
into a photodetector 18c arrénged at the center and
photodetectors 18b and 18d arranged at both sides of the

photodetector 1l8c.

The focus error calculation circuit 28 detects a focus

error signal according to the SSD method. When deing so, the

focus error calculation c¢ircuit 28 uses the received light
signals obtained from the first-fourth main photodetectors.
This focus error signal detection is performed for any types

of optical recording media regaxrdless of their track densities

"and track shapes.

Thedifferential push-~pull circuit 29detectsatracking
error signal according to a so-called differential push-pull

method. When doing so, the differential push-pull circuit

‘29uses thereceivedlight signalsobtained fromthe first-fourth

mainphotodetectors, the first-fourthprecedingphotodetectors,
and the first-fourth succeeding photodetectors. This tracking
error signal detection according to the differential push-pull
method is suitable for high-density optical recording media
and write~once optical recording media.

The phase comparison calculation circuit 30 detects

18
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a tracking error signal according to a so-called differential-
phase detection method. When doing so, the phase comparison
calculation circuit 30 uses received light signals obtained
fromthe first-fourthmainphotodetectors. Thistrackingerror
signal detection according to the differential phase detection

method is suitable for optical recording media having pits

- whose phase depths are each one-quarter (A/4) of the wavelength

of a laser beam.

The three-beamcalculationcircuit 31 detectsa tracking
error signal according to a so-called three-beam method. When
doing so, thé three-beam calculation circuit 31 uses received
light signals obtained from the first-fourth preceding
photodetectors and the first-fourth succeeding photodetectors.

This tracking error signal detection according to the
three-beammethod is suitable for optical recording media whose
tracks are pit sequences or continuous grooveé.

The judgement circuit 301 turns off the tracking sefvo
circuit 303 when the optical recording medium 4 is placed in
the optical reproduction appaxratus. Then, under the condition
where the optical recoxrding medium 4 is rotating, the judgement
circuit 301 obtains trackingerror signals fromthedifferential
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,
whose amplitude level exceeds a threshold value, is an optimum

signal, controls the selection circuit 302 to select the optimum

19
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tracking error sigﬁal, 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
tracking error. signals obtained while the tracking servo is
ﬁﬁrned off and the optical recording medium is rotating.
Because the tracking servo is turned off when these tracking
error signals are detected, the spot of a laser beam tiavels
back and forth across a plurality of tracks due to the

eccentricity inherent in the optical recording medium and the

~eccentricitycausedwhen the optical recordingmediumis placed.

As a result, the tracking error signal detected using an
appropriatemethodbecomes asinewave signalhavinganamplitude
not below a predetermined level and the track error signal
detected using an inappropriate method becomes 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
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 301.

The tracking servo circuit 303 drives a tracking servo
usingthe trackingerror signal selectedbythe selectioncircuit

302.
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The focus servo circuit 304 drives a focus servo using
thefocuseirorsignalobtainedfromthefocuserrorcalculation
circuit 28;

As described above, the judgement circuit 301 determines
the type of an optical recordingmediumaccording to the tracking
efrof signals obtained from the differential push-pull circuit
29, the phase comparison éalculation circuit 30, and the
three-beam calculation circuit 31. The selection circuit 302
selects an optimum tracking error signal according to the
judgement result 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

information onto the optical recording medium 4 by driving

the tracking servo and focus servo in the manner described
above. |

" When information on the optical recording medium 4
is reproduced, signals fromthe photodetectorunit inthe optical
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 fromthe outside isconverted intoasignal,

whose format is Suitable for the optical recording medium 4,
by the signal processing circuit 310 and is sent to the laser

control unit 308. Then, according to the signal generated
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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
the optical power of the semiconductor laser component to become
higher than that during reproduction.

It should be noted here that as described later, the
optical pickup 1 includes two semiconductor laser elements

having different wavelengths. According to an instruction

from the judgement circuit 301, the laser control unit 308

selects and drives a semiconductor laser whose wavelength is

appropriate to the type of the current optical recording r;\edium.

<Construction of Optical Pickup>

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 construction where a photodetector device 15,
a fixing member 101, a collimator lens 5, a mirror 104, and
a yoke 106 are mounted on an optical base 100, and a movable
member 103, on 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, are used. Bécause Fig. 2 is a
sectional view, only two supporting members arranged backward

are shown in this drawing. This construction allows the

. objective lens € to be displaced in a direction parallel to
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theopticalaxisoftheobjectivelens6(inafocusingdirection)
and in a direction perpendicular to the optical axes of the
collimator lens 5 and the objective lens 6 (in a tracking
direction).

A coil unit 105 includes a tracking coil and a focusing
coil. The Lorentz power is generated by passing 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 member
103 is displaced by the Lorentz power in the focusing direction
or the tracking direction.

. The photodetector device 15 includes a holc;gram optical
component 23, two semiconductor laser elements 17a and 17b,
and a photodetector unit 10 that includes a plurality of
photodetectors. The laser beam LB emitted £from the
semiconductor laser element 17a or the semiconductor laser
element 17b is converted into parallel rays by the coliimator
lens 5, strikes the mirror 104 through a clip 10la formed.at
approximately the center of the fixing member 101, is reflected
by the'mirror 104 to travel upward, and is converged by the
objective lens 6 to form a spot on the recording surface of
the optical recordingmedium 4. The returning 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.

The tracking error signals and focus error signal

describéd above are generated from the signals detected by
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the photodetector unit 10. The tracking servo circuit 303

and the focus servo circuit 304 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
manner, the obj eétive lens 6is locatedinanappropriateposition
and the laser beam LB traces the information recording sequences
of the optical recording medium 4 with accuracy.

It should be noted here that in this embodiment, the
supporting members 102 double as feedi.ng paths to the tracking

coil and focusing coil of the coil uniﬁ 105. This saves the

_need to additionally connect leads to the movable member 103

and to route the leads to the outside., As a result, the movable
member 103 moves smoothly and the information recording
sequences of the optical recording media 4 are traced with

high accuracy.

<Construction of Optical System>

Fig. 3 is a longitudinal sectional view of the optical
syétem of the optical pickup 1. For ease of explanation, thJ;.S
drawing shows only the main construction elements of the optical
system and omits, for instance, the mirror 104 shown in Fig.
2.

The objective lens 6 is, for instance, a two-focus
lens compatible with CDs and DVDs. 1In this embodiment, a

hologram area, which splits each returning light into the

. zeroth-orderdiffraction light and the first-order diffraction
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light, is provided at thé center of the objective lens 6.
Therefore, the objéctive lens 6 has different focal lengths
and numerical apertures for the zeroth-order diffraction light
(transmitted light) and the first-order diffraction light.

The photodetector device 15 includes a frame 16, a
semiconductor .component 17 including semiconductor laser
eléments 17a and 17b arranged at the bottom of the frame 16,
aphotodetectorunitloincludingfourphotodetectoréets18-21
that are arranged at the bottom of the frame 16 and on the
bothsidesofthesemiconductorlasercomponent17,atransparent
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 hologram optical component 23 placed on the transparent
substrate 22.

The semiconductor laser element 17a emits red laser
light (whose wavelength is about 650nm) and the semiconductor
laser element 17b emits infrared 1$ser light (whose wavelencjth
is about 800nm). One of the semiconductor laser elements 17a
and 17b is selected according to the track shape, track density,
and type of the optical recording medium 4. By selectiéely
using these semiconductor laser elements having different
wavelengths, two types of tracking error signals are detected
for each tracking error signal detection method. As la result,
the number of types of optical recording media supported by
the present optical reproduction appaﬁ:atus is increased. This

aspect will be described in detail later.
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The hologrém optical component 23 is disposed in the
optical path of outgoing light from the semiconductor laser
component 17, and includes a light splittinghologram24 arranged
on the surface of the hologram optical component 23 facing
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 splits the lighﬁ bean
emitted from the semiconductor laser COmpo_nent 17 into a main
beam, a preceding sub-beam, and a succeeding sub-beam. These
beams are incident on the optical recording medium 4 throﬁqh
the collimator lens 5 and the objective lens 6, are reflected
by the opﬁical recording medium 4, and travel to the returning
light hologram 25.

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, t;.he
left half of a negative first-order diffraction light, the
right half of the positive first-order diffraction light, and
the right half of the negative first-order diffraction light.

Here, the principal ray of the outgeoing 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 beamemitted from the semiconductor laser component
17 is shown using chain lines and returning lights are shown

using dashed lines. The light beam emitted from the
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semiconductor laser component 17 is divided by the hologram

optical component 23 into a main beam, a preceding sub-beam,
and a succeeding sub-beam. Each of the main returning light,

preceding returning light, and succeeding returning light

reflected by the optical recording medium 4 is divided by the

hologram optical component 23 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—orderdiffractionlight,andtherighthalfofthenegative

first-order diffraction light.

<Photodetector Unit> |

The photodetector unit 10, which includes the
semiconductor laser component 17 and four photodetector sets
18~21, is provided at the bottom of the frame 16. Fig. 4 is

a plain view of the photodetector unit 10 when viewed from

"above.

As éhown in this drawing, when viewed from the light
emitting side of the semiconductor laser component 17, the
photodetector set 18, the photodetector set 19, the
semiconductor laser 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
photodetectors that have substantially the same size and are

arranged perpendicular to the arrangement direction of the
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photodetector sets. Note that the photodetector at the center

of each photodetector set is divided into three photodetectors
arranged perpendicular to the arrahgement direction of the
photodetector sets. The photodetectors of the photodetector
set 18 are given reference signs 18a, 18b, 18¢, 18d, and 1l8e
fromthe top. This is the same to the photodetector sets 19-21.

The photodetectors 18a-2la are the first-fourth
preceding photodetectors described above and receive the
preceding returning light from the optical recording medium.

The photodetectors 18a-2l1a 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 diffractioﬁ light of
the preceding returning light. Also, the photodeteétors
18b-18d, 19b-19d, 20b-20d, and 21b-2l;l are the first-fourth
main photodetectors described above and respectively receive
the left half of a positiv_e 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 the main returning light. Further, the photodetectors
18e-21le are respectively the firs't-f'ourth succeeding
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, the
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right half of the negative first-order diffraction light, and
the left half of a negative first-order diffraction light of
the succeeding returning light.

With the stated number and arrangement of the
photodetectors, the photodetector unit 10 can detect at least
three types of tracking error signals as well as a focus error
signal by appropriately combining signals from the
photodetectors. More specifically, as described using Fig.
1, the number and arrangement of the photodetectors of the
photodetector unit 10 is suitﬁble for detecting a focus error
signal according to the SSD method and for detécti_ng three
types of tracking exrror signals according to the differential
push-pull method, differential phase detection method, and.
three-beam method. Therefore, the present optical
reproduction épparatus equipped with this photodetector unit
can séléctively use the three types of tracking 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
and different track pitches).

As described above, in the photodetector unit 10, the
semiconductor laser comf:onent 17, which includes the
semiconductor elements 17a and 17b and emits a laser beam
approximately perpendicular to the arrangement plane of the
construction elements of the photodetector unit 10, is provided

at the center of the arrangement of the photodetectors.
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Therefore,theprincipalrayofﬁheoutgoinglighttotheoptical

recording medium 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.

<Hologram Optical Component 23>

Fig. 6illustratesasituationwherealight beamemitted
from the semiconductor laser component 17 is incident on the
light splitting hologram.zé, the returning lights reflected

by the optical recording medium 4 strike the returning light

hologram 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 splittinghologram24 is adiffractiongrating
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 gathers
these beams onto the optical recording medium 4 to form spots
between which there is an interval of an odd multiple of
approximately one-half of fhe 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 slightly shifted rightward, of
the light splitting hologram 24. In reality, however, the
spot having a diameter larger than the radius of the light

splitting hologram 24 is formed on the center of the light
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splitting hologram 24.

The returning light hologram 25 is divided into two
hologram areas 26 and 27 by a division line, as shown in Figq.
5. The division line extends along a direction of tracks on
the optical récording medi;;lm 4, that is, perpendi_cular to the
radius direction of the optical recording medium 4. These
hologram areas 26 and 27 réspectively diffract the left half
and right half of each returhing light fromthe optical recording
medium 4 and direct the diffraction lights toward the
photodetectors.

Each of the hologram areas 26 and 27 includes a
diffractiongrating, andthediffraction groo{res of the hologram
area 26 are approximately parallel to those of the holegram
area 27. The pitch of the diffraction grating in the hologram
area 26 is set to be less than that in the hologram area 27
to obtain different diffraction angles. That is, the hologram
area 26 having a less diffraction grating pitch has a great';er
diffraction angle than the hologram area 27. As a result,
the positive and negative first-oxrder diffraction lights from
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 frem the hologram
area 27 are respectively received by the photodetector sets
19 and 20 arranged inward.

Because the diffraction grating in each of the hologram

areas 26 and 27 has a curvature, as shown in Fig. 5, each of
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these areas 26 and 27 pérform.a wavefront ¢éoénversion 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
lines in Fig, 3, the focal length of the positive first-order
diffraction 1light is shorter than lthat of the negative
first-order diffraction light. The different focal lengths
of the positive and negative first-order diffraction iights
allow the SSD method to be used to detect focus error signals.
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
hologram 25. In this embodiment, however, the light splitting
hologram 24 and the returning light hologram 25 are arranged
so that the arrangement direction of the diffraction grooves
of the light splitting hologram 24 is perpendicular to that
of the returning light hologram 25 and.approximately'paraliel
to the direction of the major axis of the far-field pattern
of the light beam emitted from the semiconductor laser element
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
returning light hologram 25, is diffracted therein, and strikes

the first-fourth photodetector sets 18-21. Also, Bl and B2
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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 B4 represent the positive and negative first-order
diffraction lights of the right half (the upper half in Fig.
6)ofthesucceedingreturninélighﬁ. Other diffraction lights
are omitted in Fig. 6. |

Among diffraction lights of the preceding returning
light fromthe first hologramarea 26, for instance, the positive
first-order diffraction light Bl strikes the photodetector
set 18 and the negative first-orderdiffraction light B2 strikes
the photodetector set 21. Also, among diffraction lights of
the succeeding returning light from the second hologram area
27, the positive first-ordexr diffraction light B3 strikes the
photodetector set 19 and the negative first-order diffraction
light B4 strikes the photodetector set 20. Although the spots
of the main, preéeding, and succeeding returning lights are
shown using modest-sized circles R1-R3 in Fig. 6, the actual
size of each spot exceeds one~third of the area of the returning
light hologram 25. Also, each spot is formed to be symmetric
with respect tothedivision line of the returning light hologram
25.

Because the optical.pickuﬁ 1 has the construction
described above, it becomes unnecessary to adjust, in the order
of 1um, the positions of the construction elements of the optical

pickup 1 to bring returning lights into focus on the

33



10

15

20

25

f:hotodetectors. That is, it is enough to bring the rgturning

lights to strike the respective areas of the returning light
hologram 25. This results in thelhigh adjustment tolerance
of several ten ym. Also, in the optical pickup 1, a plurality
ofphotodetectbrsareairangedonbothsidesdfthesemiconductor
laser component 17 to receive both of the positive and negative
first-order diffraction lights from the returning light
hologram 25. As a result, light is used with high efficiency
incomparisonwithacmnventionalcomponentwheresemiconductor
-laser elements and photodetectors are combined. Further, the
optical pickup 1 is capable of 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.
Also, because various components are integrated into one piece
in the optical pickup 1, this optical pickup canbeminiaturized

and mass-produced without difficulty.

<Construction of Circuit System>

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 photodetector unit 10
includes a current-voltage conversion circuit group and a wire
group. The current-voltage conversion circuit group converts

a current value, which represents the received light amount
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obtained from each photodetector, into a voltage value. The
wire group transmits received light signals, which arxe obtained
from the current-voltage conversion'cifcuit group, to the focus

error calculation circuit 28, the differential push-pull

circuit 29, the phase comparison calculation circuit 30, and
the three-beam calculation circuit 31. In this drawing,

terminal groups sl-s12, pl-p20, hl-h8, and tl-t8 are.
respectively connected to the focus errér calculation circuit
28, the differential push-pull circuit 29, the phase comparison
calculation.circuit 30, and the three~beam calculatién 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
terminal is given a terminal name accompanied with the reference
sign of a photodetector that outputs a received light signal
to the terminal. |

The cutput signal from each photodetector is a current
value representing a received light amount and is outputted
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. B8, the received
light signal from each current-voltage conversion circuit is

outputted to at least one terminal.
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<Focus Error Calculation Circuit 28>

Fig. 9 shows an example construction of the focus error
calculation ecircuit 28. As shown in this drawing, the focus
error calculation circuit 28 includes adders 801-804, 806-809,
and 811, and subtracteré 805 and 810.

The input terminals of the adders 801-804 are connected
to the terminals s7-s12 shown in Fig. 8 and are applied with
the received light signals obtained from the photodetectors.
18b, 18¢, 18d, 21b, 21c, and 21d. ‘I‘heselpho'to.detectors receive
the left half of the main returning light, that is, the positive
and negative fi:st-o:der diffraction lights from the hologram

area 26. Note that the voltage value of a received light signal |

obtained from a photodetector ix (where 1i€18, 19, 20, 21 and

x€a, b, ¢, d, e) is hereinafter referred to as Sgix. For

instance, the received 1light signal obtained from the

photodetector 18boracorresponding current-voltage conversion

- ¢ircuit is hereinafter referred to as Sgl8b.

The adders 801-804 and the subtrécter BO5 calculate

the first SSD signal FEl according to Formula 1 given below.

(Formula 1)

FEl=(Sg18b+SglGd+Sg21c)~(Sg18c+Sngb+Sg21d)

Similarly, the input terminals of the adders 806-809

are connected to the terminals sl-s6 shown in Fig. 8 and are
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applied with the received light signals obtained from the
photodetectors 19b, 19c, 18d, 20b, 20c, and 20d. These
photodetectors receive the right half of the main returning
light, that is, the positive and negative first-order
diffraction lights from the hologram area 27.

The adders B06-809 and the subtracter 810 calculate

the second SSD signal FE2 according to Formula 2 given below.

(Formula 2)

FE2=(Sg19b+Sg19d+5g20c) ~ (Sg19c+Sg20b+5g20d)

The adder 811 adds the first SSD signal FE1l to the
second SSD signal FE2 according to Formula 3 given below and
outputs an addition result as a signal representing a focus

error.

(Calculation 3)
FE=FE1+FE2

This signal FE is a focus error signal obtained with

the SSD method.

<Differential Push-Pull Circuit 29>

Fig.1l0showsanexample constructionof thedifferential

push~-pull circuit 29, As shown in this drawing, the

differential push-pull circuit 29 includes the first push-pull

signal detectionunit 900, the second push~pull signal detection
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unit 920, the third push-pull signal detection unit 930,
multipliers 941 and 942, and subtracte;s 943 and 944. The
first push-pull signal detection unit 900 includes adders
901-904, 906-909, and 911, and subtracters 905 and 910. The
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 detectionunit 900 calculates
the first push-pull signal TEl according to Formula 4 given
below. The firstpush-pullsignal TElrepresentsthedifference

between the left half and the right half of the main returning

‘light, that is, the difference between the main returning light

from the hologram area 26 (the received light signals from
the photodetectors 18b-18d and 21b~21d) and the main returning
light from the hologram area 27 (the received light signals

from the photodetectors 19b-19d and 20b-20d).

(Formula 4)
TEl=(Sg18b+Sg18c+Sg18d+Sg21lb+Sg2lc+Sg21d)
- (5g19b+Sg19c+Sg19d+Sg20b+Sg20c+Sg20d)

The second push-pull signal detection unit 920
calculates the second push~pull signal TE2 according to Formula
3 given below. The second push-pull signal TE2 represents

the difference between the left half and the right half of
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the preceding returning light, that is, the difference between
the preceding returning light from the hologram area 26 (the
received light signals from the photodetectors 18a and 2la)
and the preceding returning light from the hologram area 27

(the received light signals from the photodetectors'lga and

'20a).

(Formula 5)

TE2=(Sg1l8a+Sg2la) - (Sgl9a+Sg20a)

Thethirdpush—pullsignaldetectionunit930calculates
the third push-pull signal TE3 according to formula 6 given
below. Thethirdpush-pullsignal TE3representsthedifference
between the left half and the right half of the succeeding
returning light, that is, the difference between the succeeding
returning light from the hologram area 26 (the received light
sigﬁals from the photodetectors 18e and 21e) and the succeeding
returning light from thé hologram area 27 (the received light

signals from the photodetectors 19e and 20e).

(Formula 6)

TE3=(Sgl8e+Sg2le) - (Sgl9e+Sg20e)

The multipliers 941 and 942 and the subtracters 943
and 944 calculate the first tracking error signal TES1 from

the first-third push-pull signals according to Formula 7 given
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below.

(Formula 7)

TES1=TEl=- (aTE2+bTE3)

In this formula, a and b respectively refer to constants
given to the multipliers 941 and 942. These constants are
compensation coefficients used to correct the first push~pull

signal TEl, which is obtained from the main returning light,

using the second and third push-pull signals, which are obtained

from the preceding and succeeding returning lights.
The first tracking error signal TES1l obtained by the
differential push-pull circuit 29 is hereinafter referred to

as DPP_TESl.

<Phase Comparison Calculation Circuit 30>

| Fig. 11 shéws an example construétion of the phéSe
comparison calculation circuit 30. As shown in this drawing,
the phase comparison calculation ¢ircuit 30 includes adders
951-956 and a phase comparator 32.

The adders 954-956 calculate an output signal Pl
according to Formula 8 given below. The output signal Pl
represents the total received light amount'in_two spot areas
of a main beém. Here, the main beam is divided into four spot
areas (the upper right area, uppef left area, lower right area,

and lower left area) and the two spot areas are diagonally
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opposed.

(Formula 8)

P1=Sgl8b+Sg19d+Sg20d+Sg2lb

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.

(Formula 9)

P2=Sg18d+Sgl9b+Sg20b+Sg21d

The phase comparator 32 detects the phase difference
between the output signals Pl and P2 and outputs the detected
phase different as the second tracking error signal TES2.
For instance,:  the detected phase difference represents ﬁow
far advanced the phase of P2 is with respect to P1. The second
tracking error signal obtained by the phase comparison

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
three-beam calculation circuit 31 includes adders 961-966 and

a subtracter 967. With this construction, the three-beam
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calculation circuit 31 calculates a difference between the

received light amount of a preceding returning light and that

of a succeeding returning light according to Formula 10 given

below and outputs the difference as the third tracking error

signal TES3.

(Formuia 10)
TES3=(Sgl8a+Sgl9%a+Sg20a+Sg2la) - (Sgl8e+Sgl9e+Sg20e+Sg2lle)

The third tracking error signal obtained by the
three-beam calculation circuit 31 is hereinafter referred to

as 3B_TES3.

<Judgement Circﬁit 301>

Figs. 13A and 13B ar.e flowcharts showing the judgement
processing of the judgement circuit 301 in detail.

The judgement processing ‘shown in this drawing .is
performed immediately before anoptical reproduction apparatus
accesses the optical recording medium placed therein for the
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 repioduction apparatus.

As shown in Fig. 133, the judgement cirxcuit 301 first
tries to judge the type of the optical recordingmediumaccording
to the shape of part of the cartridge (ox the caddy) containing

the optical recording medium (step 101). If the judgement
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in step 101 has not succeeded, the judgement circuit 301 then
have the semiconductor laser element 17a emit a red laser beam
(step 102) and judges whether the amplitude of the focus error
signal FE, which is detgcted 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 maximum peak values of the signal
in a positive direction and those in a negative direction,
The distance between the optical pickup 1 and the
information recording surface of the optical recording medium
4 slightly éhanges while the optical recording medium 4 is
rotating due to the optical recording medium 4 being warped
andthe spindlewobblingduringrotation. Therefore, thesignal
FE usually changes cyclically under the condition where the
focﬁs servo is off. If the wavelength of the current laser
beam is suitable for the focus error signal detection for 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,

the level of the signal FE becomes low and the amplitude level

~of the signal FE also becomes low.

If the judgement result in step 103 is that the amplitude

level of the signal FE is not below the predetermined value

K1, the judgement circuit 301 judges that the red laser beam
is suitable for the focus error signal detection and turns

on the focus servo under a condition where the laser beamelement
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17a remains selected (step 104).

The judgement circuit 301 then measures the amplitude
of each of PDD_TES1, PH_TES2, and 3B_TES3 that are respectively
obtained from the differential push-pull circuit 28, the phase
comparison calculation circuit 30, and the three-beam
calculation circuit 31 (step 108).

The judgement circuit 301 then switches the light source
from the semiconductoxr laser element 17a to the semiconductor
laser element 17b and have the semiconductbr laser element
17b emit an infrared laser beam (step 109). Following this,
the judgement circuit 301 measures the amplitude of each of
DPP_TES1, PH_TES2, and 3B_TES3 that are respectively obtained
fromthe differential push-pull circuit 29, the phase comparison
calculation circuit 30, and the three-b_eam calculation circuit
31 (step 110). |

If the judgement result in step 103 is that the amplitu_de
level of the signal FE is below the predetermined value K1,
the judgement circuit 301 judges that the luminescent coler
(red) of the semiconductor laser element 17a is not suitable
for the focus error signal detectioﬁ for the optical recording
medium 4. 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 17b and have the semiconductor laser element 17b emit
an infrared laser beam. The judgement circuit 301 then judges'

whether the amplitude of the signal FE obtained for the infrared
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laser beam is not below a predetermined value K2 (step 106).
If the judgement result in step 106 is positive, the judgement
cirecuit 301 turns on the focus servo (step 107) and measures
the amplitude of each of DPP_TES1, PH_TESZ, and 3B_TES3 (step
10).

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 exrroxr message on a display unit (not shown) (step 113) to .
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
a2 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 sexvo is turned off when these tracking
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
eccentricitycausedwhen the optical recordingmediumis placed.
As a result, the tracking error signal obtained with a detection
method appropriate to the optical recording medium becomes

a sine wave signal having an amplitude not below a predetermined
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ievel 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 below a predetermined
level, or a signal close to direct current. Depending on the
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

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 A/4 of the wavelength of a red

laser and an infrared laser, ‘and whether the track density

is high or low. When doing so, the judgement circuit 301 uses

the amplitude levels of thé six trackingerror signals described
above. The judgement circuit 301 then determines the type
of the optical recording medium according to the judgemént
results (step 111). It should be noted here that a single
media type is selected for the optical recording medium in
some cases and several media types are selected as the candidates
for the type of the optical recording medium (several possible
media types are selected) in other cases.

More specifically, the judgement cifcuit 301 prestores
a table shown in Fig. 14 and determines the physical shape
and type of the optical recording medium by referring to this

table according to the amplitude levels of the six tracking
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error signals. In .the table, each combination of the six
tracking errcn.*: s'ignals is associated with one physical shape
and one media type. . | |

If several media types are selected as the candidates
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

~from step 119 to step 127).

More specifically, the judgement éircuit ;‘301 compares
the amplitude of DPP_TESlameasured in step 108 with a threshold
value Ala (step 120). Here, a threshold value Aix (i=1-3,
x=a or b) for each of the six tracking error signals is prestored
in the judgemenﬁ circuit 301. The threshold value Aix_ is,
for 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_TES1a is not below the threshold
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 121),
turns on the tracking servo of the tracking servo circuit 303
(step 122), and judées whether the amplitude of an information

recording signal is not below a threshold value Bla (step 123).
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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
value Bla again (step 125).

If the amplitude of the information récbrding signal
is not below the threshold value Bla in step 123 or step 125,
the judgement circuit 301 terminates the processing under a
condition where the current trécking error signal remains

selected. If the amplitude of the information recording signal

. 1s below the threshold value Bla in step 125, the judgement

15

20

25 -

circuit 301 temporarily turns off the tracking servo (step
126) and returns to step 120 to perform the same processing
for the next TESix.
In thismanner, a trackingerror signal having a required
amplitude level is selected fromthe six trackin'g error signals.
As a result, an appropriéte tracking error signal is selecped
for any type of optical recording medium placed in the opticél
reproduction apparatus. o |
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), thereis no appropriate trackingerror signal.
Therefore, the judgement circuit 301 displays an error message

to terminate the judgement processing (step 118 in Fig. 133).
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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 recording
medium in si:ep 101 or step ‘112, the judgement circuit 301 selects
a semicpnductor laser element and a tracking error signal that
are appropriate to the optical recording medium (step 113).

Like the operations in steps 122-125, the judgement circuit
301 then checks whether the information recording signal has
a required amplitude level (steps 114-117), and terminates

the judgement processing.

<Judgement of Physical Shape and Media Type>

The judgementa of the physical shape and media type
in step 111 shown in Fig. 13A are described in detail below
with reference to Fig. 14.

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,
onemedia type, one semiconductor laser element, andone tracking
error signal. This tabie is prestored in the judgement circuit
301 and is referred to during the judgements of the physical
shape and media type in step 111.

In this drawing, the "judgement result of tracking
error signal" column gives signs "x", "%k", *©", *QO", and

"A". EBachofthe signs "X" and "%" indicates that the amplitude
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of the corresponding trackingerrorsignal isbelowthe threshold

value. Also, each of the signs "O", "O", and "A" indicates

that the amplitude of the corresponding tracking error signal
is not below the thresh;ld value. Note that the sign "%k*"
also indicates that an amplitude not below the threshold value
can be obtained for the corresponding tracking error signal
by adjusting the beam positions. Also, it is preferable to

sequentially select the tracking error signal corresponding

to the sign "©O", that corresponding to the sign "O", and
that corresponding to the sign "A" in this order to drive

the tracking sezxvo.

The "physical shape" column gives physical shapes
corresponding to respective combinations of the judgement
results. The physical shapes in this column relate to whether
pre-pits (pit sequences without grooves) or continuous grooves
are formed, whether the phase depth is around A/4, whether
the recording:density is high or low, and whether the media
type is a write-once optical recording medium that includes
unhused areas. Here, if an optical recording medium is a

low~density medium, the track pitch is around 1.5-1.6fm; if

an optical recording medium is a high-density medium, the track
pitch is around 0.6-1.04m.
The "media type" column gives media types that may
correspond to respective combinations of the judgement results.
The "laser selection" column and "TES selection” column

respectively give a semiconductor laser element and a tracking
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error signal detection method that should be selected for each
combinatianofthejudgementresults. In the "laser selection”
column, "red" means that the semiconductor laser element 17a
should be selected,.“infrared“ means that the semiconductor
laser element 17b should be selected, and "(red)" means that
the semiconductor laser element 17a that emits a red laser
beam may be selected instead of the semiconductor laser element
17b that emits an infrared laser beam.

In step 111 described above, the judgement circuit
301 judges the physical shape and type of the optical recording
medium by referring to this table, and informs other circuits,
which are included in the optical reproduction apparatus, of
the physical shape and media type. This judgement processing
is performed using the amplitude levels of the six tracking
exrorsignals. Therefore, althoughnotbeingcapableof judging
the physical shapes and media types of all optical recording
media iﬁéiuding new media that will appear on the market in
the future, the judgement circuit 301 is applicable to almost
all representative optical récording media. If the table gives
information for the current combination of judgement 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®™ column and the "TES
selection" column in the table.

With the construction described above, the circuit
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system detects a focus err.or .sign_al according to the SSD method
using both of a red laser light and an infrared laser light.
While the tracking sexrvo is off, the circuit systemalsodetects
a plurality of types of trackihg error signals according to
the differential)l 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,
which are appropriate to the current optical recording medium,
according to the amplitude levels of the six tracking error
signals. Thejudgementcircuit30lalsodeterminesthephysical
shape and type of the current optical recording medium according
to the amplitude levels of the six tracking error signmals.

As described above, in the photodetector unit of the
present embodiment, a plurality of photodetectors are ari‘anged
in the:manne: shown in Fig. 4 and this arrangement is suitable
for the detection of three types of tracking error signals
in addition to a focﬁs error signal. As a result, this
photodetector unit is compatible with various ﬁypes of optical
recording media.

Also, as shown in Fig. 3, the main part of the optical
pickup of the present embodiment has a const:uction where the
frame'16 including the photodetector unit 10 is integrated
with the transparent substrate 22 and the hologram optical

component 23. BAlso, the principal ray of the outgoing light
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from the semiconductor laser component 17 approximately matches

the principal ray .of the réturning light from the optical
recording medium 4. Therefore, the hardware scale of the
present optical pickﬁp can be reduced. RAlso, the positional
relations between the photodetector unit at the bottom of the
frame 16, the transparent substrate 22, and the hologramoptical
component 23 are predetermined to have each returning light

converge on a corresponding photodetector. This saves the

need for complicated positional adjustments during assembling.

Further, because both of positive and negative first-order
diffraction lights from the returning light hologram 25 are

receivedintheopticalpickup, light isusedwithhighefficiency

in comparisonwith a conventional component where semiconductor -

laser elements and photodetectors are integratedinto one piece.

With the optical pickup including the photodetector
unit described above, the optical reproduction apparatus of
the present embodiment detects three types of tracking erfor
signals according to the differential push-pull method, the
differential phase detection method, and the three-beam method
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 le.vels of thé detected tracking
error signals. The optical reproduction apparatus also judges
the physical shape and the type of the current optical recording

medium with considerably high accuracy according to the
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amplitude levels 6f the detected tracking error signals.

<Modifications>

Modifications of the present embodiment are described

below.

(1) Steps 101, 111, 112, and 113-~117 in the flowchart shown
in Fig. 13A may be omitted and the operations in steps 119-127
shown in Fig. 13B may be performed after step 110.

In this case, the judgement circuit 301 does not judge
the physical shape and media type of an optical reco:_:ding medium
but a tracking error signal having an amplitude leﬁel 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 of
DPP_TES1, PH_TES2, and 3B_TES3 generated by a red laser light
are sequentially checked in this order. Alsc, the amplitude
levelsofDPP_TESl,PH_TESZ,andSB_TES3generatedbyaninfrafed
laser light are segquentially checked in this order. This is
because it is expected that high-density optical recording
media will be mainstream in the future and the tracking error
signal detected with a method that is more appropriate to
high-densityopticalreCordingmediaisgivenahigherpriority.
However, the trackingerror signal detectedwith the three-beam
method may be given the highest priority because the control
for thismethodis the simplieét . Also, the type of eachoptical

recording medium that was previously placed may be recorded
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and the method apptopriate to the media type that was more
frequently used is given a higher priority.

(2) To jﬁdge the physical shape and type of an optical

recording medium in step 111, the judgement circuit 301 may

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 with higher accurécy.

(3) - The judgement circuit 301 may calculate a reflectivity

and judge the physical shape and type of an optical recording

mediumusing the reflectivity. Morespecifically, forinstance,

the judgement circuit 301 may calculate the distribution of

a refleétivity and judge the physical shape and type of an

optical recording medium using the reflectivity distribution.

' This allows the media type judgement to be performed with

higher accuracy.

(4). An optical pickup shown in Fig. 15 may be used insteéd
of that shown in Fig. 3; As can be understood by comparing
Figs. 3 and 15, the optical pickup shown in Fig. 15 include$
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
forming photodetectors on thé substrate 33 with a semiconductor

processing technique. Fig. 16 shows the substrate 33 arranged
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at the bottom of the frame 16. As can be seen from this drawing,
the photodetectors of this modification are arranged in the
same manner as those shown in Fig. 4.

In this case, it does' not matter whether _the
semiconductor laser elements 17a and 17b are provided on the
substrate 33 in a hybrid manner or in a monolithic manner.

For instance, the semiconductbr laser elements l1l7a and 17b
are flat light-emitting semiconductor laser elements formed
with a2 semiconductor processing technigue. In terms of mass
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 withhigher accuracy using a semiconductor processing
technique. As a result, the number of steps for adjusting
the positions of the photodetectors is reduced in comparison
witb the case of the opﬁical pickup shown in Fig. 3.

Also, because the photodetector unit 10 is produﬁed'
as a single component by forming every photodetector on the
substrate 33, the number of assembling steps and cost can be
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 172 and
17b are also formed on the substrate 33, the semiconductor
laser elements 17a and 17b and the photodetectors are all

integrated into a single component. In this case, the
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adjustment cost, aésembling cost, and the number of parts are
further reduced. _

(5) ~Fig. 17 shows a case where the photodetector unit 10
shown in Fig. 16 is modified by providing the semico.nductor
laser elements 17a and 17b in a hybrid manner. As shown in
Fig. 17, a depression 35 is formeci at the center of the substrate
33 with a semiconductor processing technique. The deprgssion
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

light-emitting semiconductor laser elements l1l7a and 17b are

provided in the depression 35. Fig. 18 is a sectional view

taken along line A-A' of Fig. 17. As shown in Fig. 18, the

- semiconductor laser element l1l7a or 17b emits the laser beam

LB toward the reflection plane 34, which then directs the laser
beém LB toward an optical recording medium.

_ With this construction, the positional relations
between the semiconductor laser elements 17a and 17b and the
photodetectors can be adjusted in a two-dimensional manner
bychangingthedirectionof travel of theprincipal rayreflected
by the reflection plane 34. That is, b'y 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 tomatch 'the optical
axis of the objective lens 6 and the length of the optical-
path from the light-emitting point of the semiconductor laser

element 17a or 17b to the objective lens 6 is adjusted. As
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a result, the optiéal adjustments durindg assembling become

 easy and thus the cost of manufacturing is reduced.

Note that the angle of the reflection plane 34 is not
limited to 45 degrees. That is, this angle can be set freely
so long as reflection light is incident on the light splitting
hologram 24. When doing so, the light emitting angles of the

semiconductor laser elements 17a and 17b also need to be taken

‘into account.

Also, instead of providing the semiconductor laser
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) Thecurrent-voltagecoﬁverSioncircuitsandwiresshown
in Fig. 8 are also provided on the substrate 33 shown in Figs.
16 and 17. The current-voltage conversién circuits and wires
can be formed without difficulty using a semicoﬁduc;or
processing technique. 1In addition, it is preferable ﬁc form
all or some of the focus error calculation circuit 28, the
differential push-pull circuit 29, the phase comparison
calculation circuit 30, the three-beam calculation circuit
31, the judgement cirxcuit 301, and the selection cireuit 302
shown in Fig. 7 as an integrated circuit on the substrate 33
with a semiconductor processing technique.

In this case, the photodeﬁector unit and other circuits
are integrated on the substrate 33. As a result, the number

of assembling steps, the number of adjusting steps, and the

58



10

15

20

25

manufacturing cost are reduced. Because the number of

assembling steps and the numbeﬁ of adjusting steps are reduced,
the reliability of the opticai reproduction apparatus is
increased. | |

(7) As shown in Fig..19, the frame 16 may be covered with
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.

In this case, because a case is composed of the hologram

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
reproduction apparatus, in comparison with the case where the
transparent substrate 22 and the hologram optical component
23 are separate components. Asaresult, an inexpensive optical
reproduction apparatus can be achieved.

| Althoughthehologramoptical component 23 of theoptical
reproduction apparatus of the present embodiment can be made
of an optical glass or resin, it is preferable to use a resin
as the material of this component 23. This is because the
shape of the hologramoptical component 23 ¢can be freely designed
with the resin. For instance, the transparent substréte 22
and the hologram optical component 23 can be .integrated into

one piece. Also, because the hologram optical component 23
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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 in.expensive optical
reproduction apparatus.

(8) As shown in Fig. 2,. in th.e optical pickup 1 of the
present embodiment, only the objective lens 6 is provided on
the movable member 103 and moves according to the servo signals
sent from the focus servo. circuit 304 and the tracking servo
circuit 303.

With this construction, the focal point is adjusted
and the inférmation recording sequences are traced by moving
only the objective lens 6. Therefore, in this case, the
principal ray of a laser beam emitted from a semiconductor
laser-element may deviate from the optical axis of the objective
lens 6. This results in lens 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
elements and collimator lens, in addition to the objective
lens 6, may also be provided on the movable member 103. With
thisl construction, the positional relatiohs between these
construction elements can remain invariant and the optical
deviations in the optical system of the optical pickup 1 can
be avoided. :

Fig. 20 is a longitudinal sectional view of the optical
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pickup 1 modified in this manner. Note that the same
construction elements as inFig. 2 are assigned the same numbers.
~The following description centers on the differences between
the optical pickups shown in Figs. 2 and 20 and, therefore,
omits the same aspects. |

As shown in Fig. 20, the optical pickup 1 of this
modification has a construction where the objective lens 6,
the photodetector unit 10, the hologram optical component 23,
and ‘the mirror 104 are provided within a case-like movable

member 103 and this movable member 103 is attached to the fixing

_member 101 using a plurality of supporting wires 102 so that

the movable member 103 can move in a tracking direction or
in a focusing direction. Here, the Supporting wires 102 double
as signal lines or power feeding lines to the photodetector
unit 10 and the coil unit 105. Therefore, the number of the
supporting wires 102 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 ocutside. As a result,
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
in this manner, the positional relatiohs between the objective

lens 6 and the semiconductor laser elements 17a and 17b can
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remain invariant even during 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
reproduction and recording operations are performed with
accuracy.

(9) The presenf: embodiment relates to an optical recoi:ding

and reproduction apparatus. However, an apparatus specialized

inthe recordingontooptical recordingmedia or the reproduction

of optical recording media may be constructed accorxding to

this embodiment.

<Second Embodiment>
<Constructi§n>

Fig. 21 shows the construction of the main part of
an optical pickup 1 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
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.
Also, the following description centers on the differences

between the circuit systems of the first and second embodiments
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and, therefore, ofiits the same aspects.

The returning light from the optical recording medium
4 passes through the objective lens 6 and the collimator lens
5 and is divided by the.beam splitter 37 into a reflection
light, which is benﬁ by 90 degrees, and a transmitted light.
The reflection light is further bent by 90 degrees by the
reflection plane 38 and strikes the polarization dividgr 39,
which then divides the reflection light into two beams. These
beams are respectively incident on the photodetectors 40 and_
41,

The construction of the photodetector unit 10 in the
frame 16 is shown in Fig. 22. As can be understood by comparing
Figs. 4 and 22, the photodetectors 40 and 41 are additionally
used in this embodiment. The photodetectors 40 and 41 are
arranged to receive two retﬁrning lights from the polarization
divider 39.

Thephotodetectors4oand41areusedtoreadinformation
recording signals from a magnetd-optical recording medium or
an optical recording medium of a reflectivity modulation type.

If the optical recordingmedium4 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
medium 4 is an optical recording medium, on which pre-pits

are formed, or an optical recording medium of a reflectivity
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modulation type, such as a phase change recording medium, thg
information reproduction circuit reproduces information
recording signals by calculating the sums of outputs from the
photodetector 40 and those from the photodetector 41.

In 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
respectively calculatingdifferences between and sums _of output
signals of two returning lights generated by the polarization

divider 39.

<Modifications>
It should be noted here thaf 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
photodetectors 40 and 41 may be integrally formed on a substrate
42. Also, it does not matter whether the semiconductor laser
elements 172 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

light-emitting semiconductor laser elements formed with a

semiconductor processing technigue.
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Also, as shown in Fig. 25, in addition to the

‘photodetector sets 18-21 and the photodetectors 40 and 41,

a depression 44 having a reflection plane 43 with an angle
of around 45 degrees to the surface of the substrate 42 may
be formed on the substrate 42 with a semiconductor processing
technique. In this case, end-face light-emitting
semiconductor laser elements 17a and 17b are provided in the
depression 44. These semiconductor laser elements l7a and
17b emit light beams toward the reflection plane 43, which
then directs the light beams toward an optical recording medium.

Withthisconstruction, inadditiontothe semiconductor
laser component 17, the reflection plane 43 for reflecting
the light beam emitted from the semiconductor l;ser component
17 is provided on the substrate 42, Therefore, by adjusting
the direction of travel of the principal ray from the reflection
plane 43, the positional relations between the semiconductqr
lasér elements and the photodetectors can be controlled in
a two-dimensional manner. -Alsq, using a semiconductor
processing technique, these construction elements can be formed
on the same substrate with high accu.racy. Therefore, in this

case, the number of adjusting steps during production and the

-hardware scale and the number of parts of an optical reproducticn

apparatus can be reduced.
(2) At least one of an integrated circuit for performing
the current-voltage conversion, calculation, and selection

of focus error signals and tracking error signals and an
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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

circuits is formed on the substrate 42, there is no need to
use an external intégrated circuit for each integrated circuit
formedon the substrate 42. Thismakes the optical reproduction
apparatus resistant to external _noise, such as floating noise,
and reduces the hardware scale of the optical reproduction
apparatus including the inteérated 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 prism 45,
into which thé functions of these construction elements 37-39
are combined, may be used. Also, as shown in this drawing,
the frame 16 may be covered with the holograni 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 45 may be formed in
the hologram optical component 23, and the combination prism
45 may be placed directly on the hologram optical componen£
23.

In this case, because the beam splitter 37, the
reflection plane 38, and the polarization divider 39 are
integrated into one piece, the number of parts of the optical

reproduction apparatus is further reduced. Also, because the
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hologram optical component 23 ié made of a résin, 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
splitter 37, the reflection plane 38, and the polarization
divider 39 are combined into the combination prism45, it becomes
unnecessary to adjust the positions of these construction
elements 37-39. This achieves an optical reproduction
apparatus that is inexpensive and has stable optical

characteristies.

(4) 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
according to this embodiment.

Although the present invention has been fully described
by way of examples with reference to the accompanying drawings,
it is to be noted that various changes and modifications will
be épparent to those skilled in the art. Therefore, unless
otherwise such chaﬁges and modifications depart from the scope
of the present invention, they should be construed as being

included therein.
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What is claimed is:

1. 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,

wherein the optical pickup is constructed to (1) divide
the laser beam into a main béeam, 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 réturning lights of the main
beam, the preceding sub-beam, and the succeeding sub-beam
regpectively  inte £first~fourth main returning lights,
first-fourth preceding returning lights, and first-fourth
succeeding returning lights, and

the photodetector unit comprises:

first-fourth main photodetectors that respectively
receive the first-fourth main returning 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.

-

2. The photodetector unit of Claim 1
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wherein the first-fourth main photodetectors are
arranged in a virtually stﬁaight line, and

each of the first-fourth main photodetectors includes
at least two photodetecting portions arranged perpendicular
to an. arrangement direction of the first-fourth main

photodetectors.

3. The photodetector unit of Claim 2 further comprising:

a first wiring group that includes first signal lines
andtransmitsareceivedlightsignalusedtoperfonnapush-pull
method, the first signal lines being respectively connected
to the photodetecting portions of the first-fourth main
photodeteétors, the first-fourth preceding photodetectors,
and the first-fourth succeeding photodetectors:;

a second wixing group that includes second signal lines
and transmits a received light signal used to perform a
differential phase detection method, the second 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
andtransmitsareceivedlight signalusedtoperformathree~beam
method, the third signal lines being respectively connected
to the first-fourth preceding photodetectors and the

first-fourth succeeding photodetectors.

4. The photodetector unit of Claim 3 further comprising:
69 . T
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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 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

fromthe thirdwiring group, according to the three~beammethod.:

5. The photodetector unit of Claim 1 further comprising a laser

emitting means for emitting the laser beam.

6. The photodetector unit of Claim 5,

‘wherein the first-fourth main photodetectors are
arranged in a virtually straight lihe, and

the laser emitting means is arranged at virtually a

center of an array of the first-fourth main photodetectors.

7. The photodetector unit of Claim 5,

wherein photodetecting surfaces of the photodetectors
are arranged within virtually the same plane, and

the laser emitting means emits the laser beam

perpendicular to the plane.
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8. The photodetectdr unit of Claim 1,

wherein the photodetectors are formed on a single
semiconductor substrate,

wherein the substrate incl-uc_les a depression, an inside
wall of which is a mirror plane inclined at a certain degree
to a surface of the substrate and in which a semiconductor
laser element is provided to emit the laser beam toward the

mirror plane.

9. The photedetector unit of Claim 8,

wherein at least two semiconductor laser elements,
which emit laser beams of different wavelengths, are arranged

in the depression.

10. The photodetedtor unit of Claim 1,

wherein the photodetectors are formed on a single
semiconductor substrate, and

a first semiconductor laser element is provided on
the substrate, the first semiconductor laser element emitting
the laser beam virtually perpendicular to a surface of the

substrate.

11. The photodetector unit of Claim 10,
wherein a second semiconductor lasexr element is further
provided on the substrate, the second semiconductor laser

element emitting a laser beam virtually perpendicular to the
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surface of the substrate, the first and second semiconductor

laser elements emitting laser beams of different wavelengths.

12. 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, |

wherein the optical 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 bean, the preceding
subfbeam, and the succeeding sub-beam toward the optical
recor&ing'mediung and (3) divide returning lights of the main
beam, the preceding sub-beam, and the succeeding sub-beam
respectively into first-fourth main returning 1lights,
first-fourth preceding returning lights, and first-fourth
succeeding returning lights, and

the photodetector unit comprises:

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 straight line and parallel to an array
of the first-fourth main photodetectors on a side of the array,
the first-fourth p:eceding photodetectors respectively
receiving the first-fourth preceding returning lights;

first-fourth succeeding photodetectors that are

-
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arranged in a virtually straighi: line and parallel to the array

of the first-fourth main photodetectors on an opposite side

of the array, the first-fourth succeeding photodetectors

respectively receiving the first-fourth succeeding returning
lights;

a current-voltage conversion circuit group that
converts current signals, which are obﬁained 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 pérform a push-pull method, the

first received light signal group corresponding to

photodetectingportionsof the first-fourthmainphotodetectors,

.thefirst-fourthprecedingphotodetectors,andthefirst-fourth

succeeding photodetectors;

a second wiring group that transmits a second received
lightsignalgroupusedtoperfonnadifferentialphasedetectiop
method, the second received light signal group corresponding
to the photodetecting pozrtions 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 photodetectors and the first-fourth

succeeding photodetectors,
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wherein the photodetectors, the current-voltage

conversion circuit group, and the wiring groups are integrally

formed

on a single semiconductor substrate.

13. The photodetector unit of Claim 12 further comprising:

signal

to the

signal

to the

signal

to the

on the

a first circuit that generates a first tracking error
from the first received light signal group according
push-pull method;

a second circuit that generates a second tracking error
from the second received light signal group according
diiferential phase detection method; and

a third circuit that generates a third tracking error
from the third received light signal group according
three-beam method,

wherein the first~third circuits are integrally formed

semiconductor substrate.

14. The photodetector unit of Claim 12,

wherein the substrate includes a depression, an inside

wall of which is a mirror plane inclined at a certain degree

to a surface of the substrate and in which a semiconductor

laser element is provided to emit the laser beam toward the

mirror plane.

15. The photodetector unit of Claim 14,

wherein at least two semiconductor laser elements,
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which emit laser beams of different wavelengths, are arranged

in the depression.

16. The photodetector unit of Claim 12,

a first semiconductor laser element is pfovided on
the substrate, the first semiconductor laser element emitting
the laser beam virtually perpendiéular to a surface qf ﬁhe

substrate.

17. The photodetector unit of Claim 16,

wherein a second semiconductor laser element is 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

laser elements emitting laser beams of different wavelengths.

18. An optical pickup that irradiates an optical recording
medium with a laser beam and receives each returning light
reflected by the optical recoiding medium, comprising:

a first semiconductor laser element that emits the
laser beam;

a first diffraction grating that divides the laserx
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
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medium;

a second diffraction grating that is provided virtually
parallel to the first diffraction grating and generates
first-fourth main returning lights, first-fourth preceding
returning lights, and £ irst-.fOurth succeeding returning lights
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

and second half beams into two beams; and

a photodetector unit that includes first-fourth main
photodetectors that respectively receive the first-fourthmain
returning lights, first-fourth preceding photodetectors that
respectively receive the firét-féurth preceding returning
lights, and first-fourth succeeding photodetectors that
respectively receive the first-fourth succeeding returning
lights,

wherein photodetecting surfaces of the photodetectors
are.arranged within virtually the same plane, and

the photodetector wunit is arranged so that the
photodetecting surfaces are posit_:ioned virtually parallel to

the first diffraction grating.

19. The optical pickup of Claim 18 further comprising a case
that contains the photodetector unit and the semiconductor
laser element,

wherein at least a part, which faces the photodetector
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unit and the semiconductor laser component, of the case is

formed with a transparent member, and

the first and second diffraction gratings are provided

on the transparent member.

20. The optical pickup of Claim 18, wherein the first-fourth
main photodetectors are arranged in a virtually straight line
andeachmain photodetector includes at least twophotodetecting

portions arranged perpendicular to an arrangement direction

of the main photodetectors,

the optical pickup further comprising:

a first circuit that generates a first tracking error
signal from a received light signal, which is transmitted from
a first wiring group, according to a push-pull method;

a second circuit that generates a second tracking errox
signal from a received light signal, which is transmitted from
a second wiring group, according to a differential phase
detection method; and

a third circuit that generates a third tracking error
signal from a received light signal, which is transmitted from

a third wiring group, according to a three-beam method.

21. The optical pickup of Claim 20 further comprising:
a judging means for judging which one of the first-third
trackingerror signalsis suitable for atracking servoaccording

to amplitude levels of the first-third tracking error signals
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detected while the tracking servo is off; and
a selection circuit that selects one of the first-third
tracking error signals for the tracking servo according to

a judgement result of the judging means.

22. The'optical pickup of Claim 18 further comprising a second
semiconductor laserelement, the first and second laser elements

emitting laser beams of different wavelengths.

23. The optical pickup of Claim 22, _

wherein the judging means judges which one of the
first-third tracking error signals is suitable for the tracking
servo according to amplitude levels of the first-thizrd tracking
error signals that are detected for respective laser beams

of different wavelengths while the tracking servo is off.

24. The optical pickup of Claim 18,

wherein the photodetector unit includes a depression,
an inside wall of which is a mirror plane inclined at a certain
degree to the photodetecting surfaces and in which a
semiconductor laser element is provided to emit the laser beam

toward the mirror plane.

25. The optical pickup of Claim 24,
wherein a second semiconductor laser element is further

provided in the depression, the first and second semiconductor
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laser elements emitting laser beams of different wavelengths.

26. An optical reproduction apparatus that reads and reproduces
information recorded on an optical recording medium by
pérforming tracking servoing for an optical pickup according
to a tracking error signal, |

the optical reproduction apparatus comprising:

a detection means for détecting first-third tracking
error signals according to different methods;

a judging means for judging which bne of the first-third
trackingerrorsignalsissuitable foratrackingservoaccording
to amplitude levels of the first-third tracking error signals
detected while the tracking servo is off; and

a selection means for selecting one of the first-third
tracking error signals for the tracking servo according to

a judgement result of the judging means.

27. The optical reproduction apparatus of Claim 26 furthe:_:
cbmf:rising two laser elements that emit laser beams of different
wavelengths, |
wherein the judging means judges which one of the
first-thirdtrackingerror signals are suitable for the tracking
servo according to amplitude levels 6f the first-third tracking
error éignals that are detected for respective laser beams

of different wavelengths while the tracking servo is off.
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28. The optical reproduction apparatus of Claim 26,

wherein the judging means further judges a physical
shape of the optical recording mediumaccording to the amplitude
levels of the first—third tracking error signals detected while

the tracking servo is off.

29. The optical reproduction apparatus of Claim 26,

wherein the judging means further judges a type of
the optical recording medium or selects candidates for the
type of the optical recording medium according to the amplitude
levels of the first-third tracking error signals detectedwhile

the tracking servo is off.

30. The optical reproduction apparatus of Claim 26,
wherein the optical pickup includes a photodetector
unit that detects returning light from the optical recording

medium, and is constructed to (1) divide a laser beam into

~a main beam, a preceding sub-beam, and a succeeding sub-bean,

(2) direct the main beam, the preceding sub-beam, and the

succeeding sﬁb—beam toward the optical recording medium, and

(3) divide returning lights of the main beam, the preceding

sub-beam, and the succeéding sub-beam respectively into

first-fourth main returning lights, first-fourth preceding

returninglights, andfirst-fourthsucceedingreturninglights,
wherein the photodetector unit comprises:

first-fourth main photodetectors that respectively
I —
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receive the first-fourth main returning lights:
first-fourth preceding photodetectors that
respectively receive the first-fdurth preceding returning
lights:; and
first-fourth succeeding photodetectors that
respectively receive the first-fourth succeeding returning

lights.

31. The optical reproduction apparatus of Claim 26, |

wherein the optical pickup irradiates the optical
recording medium with a laser beam and receives each returning
light reflected by the optical recording medium,

the optical pickup comprising:

a first semiconductor laser element that emits the
laser beam: |

a first diffraction grating that divides the laser
beam from the first semiconductor laser element into a main
beam, a preceding sub-beam, and a succeeding sub-beamn;

a lens that has the main beam, preceding sub-beam,
and the succeeding sub-beanlconvergé on the optical recording
nmedium;

a second diffraction grating that is provided virtually
parallel to the first diffraction grating and generates
first-fourth main returning lights, first-fourth preceding
returning lights, and first-fourth succeeding returning lights

by dividing each of returning lights of the main beam, the
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preceding sub-beam, and the éucceeding sub-beam into a first
half beam and a second half beam and dividing each of the first
and second half beams into two beams; and

a photodetéctor unit that includes first-fourth main
photodetectorsthatreépectivelyreceivethefirst-fourthnmin
returning lights, first-fourth preceding photodetectors that
respectively receive the first-fourth preceding retﬁrning
lights, and first-fourth succeeding photodetectors that
respectively receive the first-fourth succeeding returning
lights, '

wherein photodetecting surfaces of the photodetectors
are arranged within virtuwally the same plane, and

‘the photodetector unit is arranged so ﬁhat the
photodetecting surfaces are positioned virtually parallel to

the first diffraction grating.

32. An optical recording apparatus that records information
ontoanopticalrecordingmediumby;wrformingtrackingsefvoing,
for an optical pickup according to a tracking erxror signal,

the optical recording apparatus compriéing:

a detection means for detecting first-third tracking
error signals according to different methods;

a judging means for judgihg which one of the first-third
trackingerrorsignalsissuitable foratracking servoaccording
to amplitude levels of the first-third tracking error signals

detected while the tracking servo is off; and
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a selectiori means for selecting one of the first-third
tracking error signals for the tracking servo according to

a. judgement result of the judging means.

33. The optical recording apparatus of Claim 32 further
comprising two laser elements that emit .laser beams of different
wavelengths, '

wherein the judging means judges which one of the

fii:st—third trackingerror signals aresuitable for the tracking

~ servo according to amplitude levels of the first-third tracking

error signals that are detected for respective laser beams

of different wavelengths while the tracking servo is off.

34; The optical recording apparatus of Claim 32,

wherein the judging means .further judges a physical
shape of the optical recording mediumaccording to the amplitude
levels of the first~third tracking error signals detected while

the tracking servo is off.

35. The optical recording apparatus of Claim 32,

wherein the judging means further judges a type of
the optical recording medium or selects candidates for the
type of the optical recérdiﬁg medium according to the amplitude
levels of the first-third tracking error signals detected while

the tracking servo is off.
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36. The optical reéording apparatus of Claim 32,

wherein the optical pickup includes a photodetector
unit that detects returning light from the optical recording
medium, and is constructed to (1) divide a 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, and the succeeding sub-beam respectively into
first-fourth main returning lights, first-fourth preceding
returninglights, andfirst-fourth succeeding returninglights,

wherein the photodetector unit comprises:

first-fourth main photodetectors that respectively
receive the first-fourth main returning lights;

first-fourth preceding photodetectors that
respectively recelve the first-fourth preceding returning
lights; and

first-fourth succeeding photodetectors that
respectively receive the first-fourth succeeding returning

lights.

37. The optical recording apparatus of Claim 32,

wherein the optical pickup irradiates the optical
recording medium with a laser beam and receives each returning
light reflected by the optical recording medium,

the optical pickup comprising:
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a first semiconductor laser elemeént that emits the
laser beam; |

a first diffraction .grating that divides the laser
beam from the first semiconductor laser element into a main
beam, a preceding sub-beam, and a succeeding sub-beam;

"2 lens that has the main beam, preceding sub-beam,
and the succeeding su_b-be'am converge on the optical recording
medium;

a seconddiffractiongrating that is provided virtually
parallel to the first diffract'ion érating and generates
first-fourth main returning lights, first-fburth preceding
returning lights, and £irst-fourth succeeding returning lights
by dividing each of returnirig 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
and second half beams into two beams; and _

a photodetector unit that incJ.udes first-fourth main
photodetectors that respectively receive the first-fourth ma_j.n
returning 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,

wherein photodetecting surfaces of the photodetectors
are arranged within virtually the same plane, and

the photodetector unit is arranged so that the
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the first diffraction grating.

38. An.optieal pickup that reads information from an optical
recording medium by dividing a laser beam into a main beam,
a preceding sub-beam, and a succeeding sub-beam, directing
the beams toward an optical récording medium, and receiving
each returning light reflected by the optical iecording medium,

the optical pickup comprising:

a light dividing component that optically divides each
returning light into four divided beams; and

a photodetector unit including first-fourth main
photodetectors that respectiﬁely receive the divided beams
of the returning light of the main beam, first-fourth preceding
photodetectors that respectively receive thé divided beams
of the returning light of the preceding sub?beam, and
first-fourth succeeding photodetectors that respectively
receivethedividedbeamsofthereturninglightofthesucceedihg

sub-beam.

39. The optical pickup of Claim 38,
whereinthelightdividingbomponentincludestwolight

diffraction elements that respectively receive and diffract

a first half and a second half of each returning light, and
each photodetector is arranged to receive one

diffraction light from the light diffraction elements.
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40. The optical pickup of Claim 39,

wherein the light diffraction elements are each a
hologram element and respectively diffract a received half
of each returning light into a positive first-order diffraction
light and a negative first-order diffraction light to divide

each returning light into four beams.
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