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ABSTRACT

In an optical head device responding to optical disc of differ-
ent track pitches, an effect of both obtaining the tracking error
signal by the optimum DPP method using a single diffractive
clement and suppressing the lowering amount 1n the ampli-
tude of the tracking error signal in a state the object lens 1s
moved by track following 1s obtained. In the optical head
device, the grating phase of left and right regions of a sub-
beam generating diffractive element differ from each other by
180 degrees. A central region of the sub-beam generating
diffractive element has a grating pattern different from the left
and right regions, and 1s divided 1nto a plurality of regions to
form different gratings different from each other.
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OPTICAL HEAD DEVICE AND DIFFRACTIVE
ELEMENT, OPTICAL INFORMATION
APPARATUS, COMPUTER, DISC PLAYER,
CAR NAVIGATION SYSTEM, OPTICAL DISC
RECORDER AND VEHICLE D

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions 10
made by reissue.

This application is a reissue application of U.S. Pat. No.
7,801,009, issued Sep. 21, 2010. 15

This application claims the benefit of U.S. Provisional
Application No. 60/877,681, filed Dec. 29, 2006.

BACKGROUND OF THE INVENTION

20
1. Field of the Invention
The present invention relates to an optical information
apparatus for reproducing information from an information
recording medium represented by optical discs or recording,
information to the information recording medium; an optical 25
head device for reproducing or recording information in the
optical information apparatus; and information equipment
and a system using the same. The present invention also
relates to a diil

ractive element used therein.

2. Description of the Related Art 30

Since a digital versatile disc (DVD) can record digital
information at a recording density of about six times the
compact disc (CD), the DVD 1s known as an optical disc that
can record large volume data. Recently, optical discs of larger
volume are being desired because of an increase i the 35
amount of mformation to be recorded on the optical disc. In
order to achieve a large volume optical disc, the recording
density of the information must be increased by reducing the
optical spot formed by the light irradiated onto the optical disc
when recording information on the optical disc and reproduc- 40
ing information recorded on the optical disc. Specifically, the
optical spot can be reduced by using laser light having a short
wavelength and increasing the numerical apertures (NA) of
an objective lens. The wavelength of 660 nm (red) 1s used for
the wavelength of the light source, and the objective lens 45
having a numerical aperture (NA) of 0.6 1s used 1n the DVD.
Furthermore, 1n BD, the light source having a wavelength of
4035 nm 1s used, and the objective lens having NA of 0.85 1s
used 1n order to achieve a recording density of five times the
recording density of the current DVD. 50

In the optical information apparatus for realizing recorda-
tion and reproduction at high density using the laser of short
wavelength by blue laser, the usability of the device 1s further
enhanced by providing a compatibility function with an exist-
ing optical disc, and cost performance 1s also enhanced. 55

DVD-R having a track pitch 010.74 um and DVD-RAM for
performing recording on both land (L) and groove (G) at 1.3
um coexist in the DVD using red light source. Thus, it 1s
important to stably perform track control on the optical disc of
different track pitches even for equipment dedicated to use 60
with a DVD, and 1n addition, compatibility with CD and BD
1s also desired.

To perform track control, the track shift amount must be
detected, and the tracking error signal must be detected. One
of the frequently used tracking error signal detection methods 65
1s a differential push-pull (DPP) method. The differential

push-pull method 1s disclosed 1n patent document 1 (Japanese

2

Laid-Open Patent Publication No. 7-272303), and will be
described briefly using the figure.

FIG. 19 shows a configuration of an optical head device
according to the prior art. The light beam 210 radiated from a
light source 201 i1s transmitted through a diffraction grating
204. The diffraction grating 204 produces a conjugate dif-
fracted light. The transmitted main beam and the difiracted
sub-beam are converted to parallel light by a collimator lens
203. An objective lens 205 converges the main beam and the
pair of sub-beams, which are parallel light, on a recording
surface of the optical disc 227. The light reflected from the
optical disc follows the same optical path 1n the opposite
direction and enters a light detector 266. The objective lens 1s
moved 1n the tracking direction based on the tracking error
signal obtained from the light detector 266 to perform track
control. The configuration of the diffraction grating used 1n
FIG. 19 1s shown 1n schematic form 1n FIGS. 20A and 20B.
FIG. 20A 1s a front view and FIG. 20B 1s a cross sectional
view. The diffraction grating 204 1s obtained by periodically
forming concave-convex parts on a surface of a transparent
base material such as glass, as shown 1n FIG. 20B. For sim-
plicity, only the center line of a convex part 1s shown 1n the
front view of FIG. 20A. In the present application, unless
particularly stated, only the center line of the concave part
will be shown i1n other figures for stmplicity when showing
the concave-convex shape in front view. When the light beam
1s transmitted through the diffraction grating 204,
conjugatexone-dimensional diffracted light 1s generated, and
converged on the recording surface of the optical disc 227 as
main beam 211 and a pair of sub-beams 212, 213 by the
objective lens 205 as shown in FI1G. 21. The recordable opti-
cal disc such as DVD-RAM has concave-convex grooves on
the recording surface thereot. The concave-convex 1s referred
to as land (L) and groove (G). The diffraction grating 204 1s
rotation adjusted as 1n the arrow of FIG. 20 A so that when the
main beam 211 converges on a certain groove, the sub-beams
212, 213 converge on the adjacent lands. When the push-pull
signal generated by diffraction at the disc groove 1s detected
from the main beam and the sub-beams retlected and returned
from the disc, the positive and negative signs of the push-pull
signal become opposite for the main beam and the sub-beams.
The tracking error signal of push-pull signal method 1is
detected through differential calculation of the push-pull sig-
nal of the sub-beams and the push-pull signal of the main
beam. In this method, the distance 1n the tracking (T) direc-
tion of the main beam and the sub-beams must be equal to the
inter-center distance of the land and the groove, that is, half of
the track pitch, and thus the amplitude of the tracking error
signal lowers when applied to the optical disc of different
track pitches such as DVD-RAM and DVD-R.

The diffraction grating developed to overcome such prob-
lem 1s shown i FIG. 22A (patent document 2: J apanese
Laid-Open Patent Publication No. 9- 81942) As shown 1n
FIG. 22A, the diffraction grating 224 1s divided 1n half by a
dividing line parallel to the groove direction Y. Assuming the
grating phase of the first diffraction grating region 2241 on
the left side of the figure 1s the reference (O degree), the
grating phase of the second diffraction grating region 2242 on
the right side of the figure 1s 180 degrees. The shift of the
grating phase in the T direction 1s positive. The sub-beams are
symmetrically divided 1n half as shown in FIG. 22B. The
sub-beams 222 and 223 are arranged on the same groove as
the main beam 221. In this case, the push-pull signals
obtained from the sub-beams 222 and 223 have opposite signs
from the main beam 221. Thus, the tracking error signal of the
push-pull signal method 1s detected by the differential calcu-
lation of the push-pull signal of the sub-beams and the push-
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pull signal of the main beam. In this method, arrangement 1s
made such that the distance 1n the tracking (T) direction of the

main beam and the sub-beams becomes 0, and thus the ampli-
tude of the tracking error signal does not lower from the
difference 1n discs even when applied to the optical discs
having different track pitches such as DVD-RAM and DVD-
R. However, when the objective lens moves 1n the tracking (T)
direction by track following, the amplitude of the tracking
error signal at the destination lowers.

Furthermore, a method contrived to avoid lowering in
amplitude of the tracking error signal by the movement of the
objective lens 1s disclosed 1n patent document 3 (Japanese
Laid-Open Patent Publication No. 2000-1459135) and patent
document 4 (Japanese Laid-Open Patent Publication No.
2006-4499). As shown in FI1G. 23 A, a third diffraction grating
region 2343 having a phase of 90 degrees 1s arranged between
the first diffraction grating 2341 having a phase of 0 degrees
and the second diffraction grating region 2342 having a phase
of 180 degrees. The amplitude of the signal in a state the
objective lens 1s not moved by track following 1s lowered 1n
advance, and the lowering 1n amplitude of the tracking error
signal 1n a state the objective lens 1s moved 1s relatively
avolded by arranging a different region in the middle.

SUMMARY OF THE INVENTION

In the diffraction grating shown in FIG. 23A, the phase 1s
changed 1n a step form of 0 degrees, 90 degrees, and 180
degrees 1n order from the left side of the figure. The diagonal
diffraction grating shown with a double chain dashed line 1n
FIG. 24 becomes the main component, and the sub-beams
have unequal light intensity between left and right as shown in
FIG. 23B. As shown 1n FIG. 24B, the positional relationship
of the portion where the intensity of the sub-beam 1s strong
and the track groove must be optimally adjusted 1n order to
maximize the DPP signal. That1s, similar to the method using,
the diffraction grating shown in FIGS. 20A and 20B, the
optimum adjustment position (rotational angle) of the difirac-
tion grating differs depending on the track pitch of the optical
pitch, and a stable tracking error signal becomes difficult to
obtain.

Therelore, at the present time, a method of satistying both
obtaining the tracking error signal by an optimum DPP
method with respect to the optical discs having different track
pitches using a single diffraction grating and suppressing the
lowering amount 1n the amplitude of the tracking error signal
in a state the objective lens 1s moved by track following 1s not
proposed.

In view of solving the above problems, it 1s an object of the
present mvention to provide an optical head device and a
diffraction grating capable of obtaining the tracking error
signal by the optimum DPP method with respect to the optical
discs having different track pitches using a single difiractive
clement and suppressing the lowering amount 1n the ampli-
tude of the tracking error signal 1n a state the objective lens 1s
moved by track following; an optical information apparatus;
a computer; a disc player; a car navigation system; an optical
disc recorder; and a vehicle.

In order to achieve the above aims, the present invention
has the following configurations. The first aspect of the
present invention provides an optical head device comprising,
a light source, a diffractive element for branching a light exat
from the light source into at least three light fluxes including
a main beam that 1s transmitted without being difiracted and
two sub-beams that are diffracted, an objective lens for con-
verging the three light fluxes on a recording surface of an
optical disc, and a light detector for recerving the light con-
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4

verged on the recording surface of the optical disc by the
objective lens and reflected by the optical disc and photoelec-
tric converting the light to an electrical signal; wherein

the diffractive element 1s divided into a first diffraction
grating region, a second diffraction grating region formed
with a second diffraction grating having a phase differing by
substantially 180 degrees from a first diflraction grating
arranged 1n the first diffraction grating region, and a central
region sandwiched by the first diffraction grating region and
the second diffraction grating region;

the central region 1s further divided into a plurality of
divided regions by a virtual dividing line; and

the central region has phases or grating vectors different
from the first diffraction grating region and the second dii-
fraction grating region, and the divided regions divided by the
dividing line are formed with diffraction gratings having dii-
ferent [phase and grating vector] phases or grating vectors
from each other.

The second aspect of the present invention provides the
optical head device of the first aspect, wherein the dividing
line for dividing the central region extends i1n a direction
orthogonal to an extending direction of a track groove of the
optical disc.

The third aspect of the present invention provides the opti-
cal head device of the first aspect, wherein the central region
1s divided into three or more divided regions.

The fourth aspect of the present invention provides the
optical head device of the third aspect, wherein diffraction
gratings having different phases from each other are formed
in two divided regions of the three or more divided regions of
the central region; and

a diffraction grating of the same grating vector and the
same phase as the diffraction grating formed 1n one of the two
divided regions 1s formed in the at least one divided region of
a remaining divided region.

The fifth aspect of the present invention provides the opti-
cal head device of the first aspect, wherein when the phase of
the first diffraction grating formed in the first difiraction
grating region 1s 0 degrees as a reference, the phase of a third
diffraction grating formed 1n the divided region obtained by
dividing the central region and the phase of a fourth difirac-
tion grating formed in another divided region have opposite
polarities but the same absolute value.

The sixth aspect of the present invention provides the opti-
cal head device of the fifth aspect, wherein when the phase of
the first diffraction grating formed 1n the first divided region
1s 0 degrees as a reference, the phase of the third diffraction
grating 1s 90 degrees, and the phase of the fourth diffraction
grating 1s —90 degrees.

The seventh aspect of the present invention provides the
optical head device of the first aspect, wherein when the phase
of the first difiraction grating formed 1n the first dif:

1Traction
grating region 1s 0 degrees as a reference, the phase of each
diffraction grating formed 1n each divided region of the cen-
tral region 1s substantially O degrees on average.

The eighth aspect of the present invention provides the
optical head device of the third aspect, wherein when the
phase of the first diffraction grating formed 1n the first divided
region 1s 0 degrees as a reference, the central region 1s divided
into four or more divided regions, and includes a diffraction
grating having a phase of =120 degrees, a diffraction grating
having a phase of —60 degrees, a diflraction grating having a
phase of +60 degrees, and a diffraction grating having a phase
of +120 degrees.

The nminth aspect of the present invention provides an opti-
cal head device comprising a light source, a diffractive ele-
ment for branching a light exit from the light source 1nto at
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least three light fluxes, an objective lens for converging the
three light fluxes on a recording surface of an optical disc, and
a light detector for recerving the light converged on the
recording surface of the optical disc by the objective lens and
reflected by the optical disc and photoelectric converting the
light to an electrical signal; wherein

the diffractive element 1s divided into a first diffraction
grating region, a second diffraction grating region formed
with a second diffraction grating having a phase differing by
substantially 180 degrees from a first diffraction grating
arranged 1n the first diffraction grating region, and a central
region sandwiched by the first diffraction grating region and

the second diffraction grating region; and
a diffraction grating having a direction different from the

first diffraction grating and the second diffraction grating 1s

formed 1n the central region.

The tenth aspect of the present invention provides the opti-
cal head device of the ninth aspect, wherein a third diffraction
grating formed 1n the divided region obtained by dividing the
central region and a fourth diffraction grating formed 1n
another divided region are difiraction gratings having a direc-
tion different from the first diffraction grating and the second
diffraction grating and have an angle formed with an extend-
ing direction of a track groove of the optical disc of opposite
signs with respect to each other.

The eleventh aspect of the present invention provides an
optical head device comprising a light source, a diffractive
clement for branching a light exit from the light source 1nto at
least three light fluxes, an objective lens for converging the
three light fluxes on a recording surface of an optical disc, and
a light detector for recerving the light converged on the
recording surface of the optical disc by the objective lens and
reflected by the optical disc and photoelectric converting the
light to an electrical signal; wherein

the diffractive element 1s divided into a first diffraction
grating region, a second diffraction grating region formed
with a second diffraction grating having a phase differing by
substantially 180 degrees from a first difiraction grating
arranged 1n the first diffraction grating region, and a central
region sandwiched by the first diffraction grating region and
the second diffraction grating region; and

a diffraction grating having a grating pitch different from
the first diffraction grating and the second diffraction grating
1s formed 1n the central region.

The twelfth aspect of the present ivention provides the
optical head device of the tenth aspect, wherein a diffraction
grating formed 1n the central region 1s a diffraction grating
having a smaller grating pitch than the first diffraction grating,
and the second diffraction grating.

The thirteenth aspect of the present invention provides the
optical head device of the first aspect, wherein the width of the
central region 1s 10% to 40% of a projection diameter on the
diffractive element of an effective diameter of the objective
lens.

The fourteenth aspect of the present invention provides the
optical head device of the first aspect, wherein the light source
1s a two wavelength light source for emitting a red light and an
inirared light.

The fifteenth aspect of the present invention provides the
optical head device of the fourteenth aspect, wherein the
width of the central region 1s less than or equal to 30% of a
projection diameter on the diffractive element of an opening,
clifective diameter of the objective lens.

The sixteenth aspect of the present invention provides the
optical head device of any one of the first, mnth and eleventh
aspects, further comprising a blue light source.
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The seventeenth aspect of the present invention provides a
diffractive element mounted on an optical head device includ-
ing a light source, an objective lens for converging a light exit
from the light source on a recording surface of an optical disc,
and a light detector for recerving the light converged on the
recording surface of the optical disc by the objective lens and
reflected by the optical disc and photoelectric converting the
light to an electrical signal, the diffractive element branching
the light exit from the light source into at least three light
fluxes including a main beam that i1s transmitted without
being diffracted and two sub-beams that are diffracted;
wherein

the diffractive element 1s divided into a first diffraction
grating region, a second diffraction grating region formed
with a second diffraction grating having a phase differing by
substantially 180 degrees from a first diffraction grating
arranged 1n the first diffraction grating region, and a central
region sandwiched by the first diffraction grating region and
the second diffraction grating region; and

the central region has phases or grating vectors different
from the first diffraction grating region and the second dii-
fraction grating region, and the divided regions divided by the
dividing line are formed with diffraction gratings having dii-
ferent [phase and grating vector] phases or grating vectors
from each other.

The eighteenth aspect of the present invention provides the
diffractive element of the 17th aspect, wherein the dividing
line for dividing the central region extends in a direction
orthogonal to an extending direction of a track groove of the
optical disc.

The nineteenth aspect of the present invention provides the
diffractive element of the 17th aspect, wherein the central
region 1s divided 1nto three or more divided regions.

The twentieth aspect of the present invention provides the
diffractive element of the 19th aspect, wherein difiraction
gratings having different phases from each other are formed
in two divided regions of the three or more divided regions of
the central region; and

a diffraction grating of the same grating vector and the
same phase as the diffraction grating formed 1n one of the two
divided regions 1s formed 1n the at least one divided region of
a remaining. divided region.

The twenty-first aspect of the present invention provides
the diffractive element of the 17th aspect, wherein when the
phase of the first diffraction grating formed 1n the first dif-
fraction grating region 1s 0 degrees as a reference, the phase of
a third diffraction grating formed in the divided region
obtained by dividing the central region and the phase of a
fourth diffraction grating formed in another divided region
have opposite polarities but the same absolute value.

The twenty-second aspect of the present invention pro-
vides the diffractive element of the 21st aspect, wherein when
the phase of the first diffraction grating formed in the first
divided region 1s O degrees as a reference, the phase of the
third diffraction grating 1s 90 degrees, and the phase of the
fourth diffraction grating 1s —90 degrees.

The twenty-third aspect of the present invention provides
the diffractive element of the 17th aspect, wherein when the
phase of the first diffraction grating formed 1n the first dif-
fraction grating region 1s 0 degrees as a reference, the phase of
cach diffraction grating formed in each divided region of the
central region 1s substantially O degrees on average.

The twenty-fourth aspect of the present invention provides
the diffractive element of the 20th aspect, wherein when the
phase of the first diffraction grating formed in the first divided
region 1s 0 degrees as a reference, the central region 1s divided
into four or more regions, and includes a difiraction grating
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having a phase of —120 degrees, a diffraction grating having,
a phase of —60 degrees, a diffraction grating having a phase of
+60 degrees, and a diffraction grating having a phase of +120
degrees.

The twenty-fifth aspect of the present invention provides a
diffractive element mounted on an optical head device includ-
ing a light source, an objective lens for converging a light exat
from the light source on a recording surface of an optical disc,
and a light detector for recerving the light converged on the
recording surface of the optical disc by the objective lens and
reflected by the optical disc and photoelectric converting the
light to an electrical signal, the diffractive element branching
the light exit from the light source mto at least three light
fluxes including a main beam that i1s transmitted without
being diffracted and two sub-beams that are diffracted;
wherein

the diffractive element 1s divided into a first diffraction
grating region, a second diffraction grating region formed
with a second diffraction grating having a phase differing by
substantially 180 degrees from a first diffraction grating
arranged 1n the first diffraction grating region, and a central
region sandwiched by the first difiraction grating region and
the second diffraction grating region; and

a diffraction grating having a direction different from the
first diffraction grating and the second diffraction grating 1s
formed 1n the central region.

The twenty-sixth aspect of the present invention provides
the diffractive element of the 25th aspect, wherein a third
diffraction grating formed 1n the divided region obtained by
dividing the central region and a fourth diffraction grating
formed 1n another divided region are diffraction gratings hav-
ing a direction different from the first difiraction grating and
the second diflraction grating and have an angle formed with
an extending direction of a track groove of the optical disc of
opposite signs with respect to each other.

The twenty-seventh aspect of the present invention pro-
vides a diffractive element mounted on an optical head device
including a light source, an objective lens for converging a
light exit from the light source on a recording surface of an
optical disc, and a light detector for recerving the light con-
verged on the recording surface of the optical disc by the
objective lens and reflected by the optical disc and photoelec-
tric converting the light to an electrical signal, the diffractive
clement branching the light exit from the light source nto at
least three light fluxes including a main beam that 1s trans-
mitted without being difiracted and two sub-beams that are
diffracted; wherein

the diffractive element 1s divided into a first diffraction
grating region, a second diffraction grating region formed
with a second diffraction grating having a phase differing by
substantially 180 degrees from a first diffraction grating
arranged 1n the first diffraction grating region, and a central
region sandwiched by the first diffraction grating region and
the second diffraction grating region; and

a diffraction grating having a grating pitch different from
the first diffraction grating and the second diffraction grating,
1s formed 1n the central region.

The twenty-eighth aspect of the present invention provides
the diffractive element of the 27th aspect, wherein a diffrac-
tion grating formed 1n the central region 1s a diffraction grat-
ing having a smaller grating pitch than the first diffraction
grating and the second diffraction grating.

The twenty-ninth aspect of the present invention provides
an optical information apparatus comprising:

the optical head device according to any one of first to 16th
aspects;

a motor for rotating an optical disc; and

an electric circuit for receiving a signal obtained from the
optical head device, and controlling and driving the motor, an
optical lens, and a laser light source based on the signal.
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The thirtieth aspect of the present invention provides the
optical information apparatus of the 29th aspect, wherein

a push-pull signal obtained by recerving the sub-beam at
the light detector and calculating through photoelectric con-
version 1s amplified at an amplification factor K1, and sub-
tracted with a push-pull signal obtained by receiving the
sub-beam at the light detector and being processed through
photoelectric conversion to be used as a tracking error signal;
and

the amplification factor K1 1s fixed after being adjusted to
a value 1n which change 1n tracking control signal becomes
smaller when the objective lens 1s moved 1n a direction per-
pendicular to an extending direction of a track groove of the
optical disc.

The tharty-first aspect of the present invention provides the
optical information apparatus of the 29th aspect, wherein a
focus error signal obtained by recerving the sub-beam at the
light detector and calculating through photoelectric conver-
s1ion1s amplified at an amplification factor K2, and added with
a focus error signal obtained by receiving the sub-beam at the
light detector and being processed through photoelectric con-
version to be used as a focus error signal for focus control.

The thirty-second aspect of the present invention provides
a computer comprising:

the optical information apparatus of the 29th aspect;

an 1input device or an input terminal for imnputting the infor-
mation;

an arithmetic device for performing an arithmetic opera-
tion based on information mput from the input device or
information reproduced from the optical information appara-
tus; and

an output device or an output terminal for displaying or
outputting the information input from the input device or the
information reproduced from the optical information appara-
tus, or result of arithmetic performed by the arithmetic device.

The thirty-third aspect of the present invention provides an
optical disc player comprising:

the optical information apparatus of the 29th aspect; and

an information-image decoder for converting information
signal obtained from the optical information apparatus to an
image.

The tharty-fourth aspect of the present invention provides a
car navigation system comprising:

the optical information apparatus of the 29th aspect;

an information-image decoder for converting information
signal obtained from the optical information apparatus to an
image; and

a position sensor.

The thirty-fifth aspect of the present invention provides an
optical disc recorder comprising:

the optical information apparatus of the 29th aspect; and

an 1mage-mformation encoder for converting 1image infor-
mation to information to be recorded by the optical informa-
tion apparatus.

The thirty-sixth aspect of the present invention provides a
vehicle comprising the optical information apparatus of the
29th aspect,

a vehicle body mounted with the optical information appa-
ratus, and a power generating unit for generating power to
move the vehicle body.

According to the thirty-seventh aspect ol the present inven-
tion, an optical head device including a light source, a dii-
fractive element for branching a light exit from the light
source 1nto at least three light fluxes including a main beam
that 1s transmitted without being diffracted and two sub-
beams that are diffracted, an objective lens for converging the
three light fluxes on a recording surface of an optical disc, and




US RE43,961 E

9

a light detector for recerving the light converged on the
recording surface of the optical disc by the objective lens and
reflected by the optical disc and photoelectric converting the
light to an electrical signal; wherein the diffractive element
includes a first divided region, a second divided region, a third
divided region, and a fourth divided region; a first diffraction
grating 1s formed 1n the first divided region; a second difirac-
tion grating having a phase differing by substantially 180
degrees from the first diffraction grating i1s formed in the
second divided region; a third dififraction grating having a
phase differing by substantially —90 degrees from the first
diffraction grating 1s formed 1n the third divided region; and a
tourth diffraction grating having a phase differing by substan-
tially 490 degrees from the first diflraction grating 1s formed

in the fourth divided region is provided.

According to the thirty-eighth aspect of the present inven-
tion, a diffractive element used in an optical head including a
light source, a diffractive element for branching a light exit
from the light source into at least three light fluxes including
a main beam that 1s transmitted without being difiracted and
two sub-beams that are diffracted, an objective lens for con-
verging the three light fluxes on a recording surface of an
optical disc, and a light detector for recerving the light con-
verged on the recording surface of the optical disc by the
objective lens and reflected by the optical disc and photoelec-
tric converting the light to an electrical signal; wherein the
diffractive element includes a first divided region, a second
divided region, a third divided region, and a fourth divided
region; a first diflraction grating 1s formed 1n the first divided
region; a second diflraction grating having a phase differing
by substantially 180 degrees from the first diffraction grating,
1s formed 1n the second divided region; a third diffraction
grating having a phase differing by substantially —90 degrees
trom the first diffraction grating 1s formed in the third divided
region; and a fourth diffraction grating having a phase differ-
ing by substantially +90 degrees from the first diffraction
grating 1s formed 1n the fourth divided region 1s provided.

According to the configuration of the present invention, an
cifect of both obtaining the tracking error signal by the opti-
mum DPP method with respect to the optical disc of different
track pitches using a single diffractive element and suppress-
ing the lowering amount in the amplitude of the tracking error
signal 1n a state the object lens 1s moved by track following 1s
obtained.

That 1s, the amplitude of the signal 1n a state the objective
lens 1s not moved by track following is reduced 1n advance
and the lowering 1n amplitude of the tracking error signal 1n a
state the objective lens 1s moved 1s relatively avoided by
arranging divided regions forming difiraction gratings differ-
ent from the diffraction gratings of the first diffraction grating
region and the second difiraction grating region in a central
region sandwiched by the first diffraction grating region and
the second diffraction grating region. Furthermore, the phase
1s prevented from changing in step-form over the entire sur-
face of the diffraction grating by dividing the central region
sandwiched by the first diffraction grating region and the
second diffraction grating region into a plurality of divided
regions and arranging diffraction gratins having phases dii-
ferent from each other, where the respective sub-beam has a
light amount distribution line symmetric in a direction (track-
ing direction) of moving the optical head with respect to a
symmetric line 1 a direction substantially parallel to the
projection 1n the track extending direction of the optical disc.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects and features of the present mven-
tion will become clear from the following description taken in
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conjunction with the preferred embodiments thereof with
reference to the accompanying drawings in which:

FIG. 1 1s a view showing, in schematic form, a configura-
tion of an optical head device according to a first embodiment
ol the present invention;

FIG. 2A 1s a view showing a configuration of a diffractive
clement mounted on the optical head device of FIG. 1;

FIG. 2B 1s an explanatory view of a convergence spot on an
optical disc when the diffraction grating of FIG. 2A 1s used;

FIG. 3 1s a view showing, in schematic form, the configu-
ration of an optical head device according to a second
embodiment of the present invention;

FIG. 4A 15 aview showing a transmitting region of the main
beam and the sub-beam when diffraction grating shown in

FIG. 2A 1s mounted on the optical head device of FIG. 3;

FIG. 4B 1s an explanatory view of a convergence spot on
the optical disc when diffraction grating of FI1G. 4A 1s used on
the optical head device of FIG. 3;

FIG. 5A 1s a view showing a configuration of a diffractive
clement mounted on the optical head device of FIG. 3;

FIG. 5B i1s an explanatory view of a convergence spot on
the optical disc when diffraction grating of FIG. 5A 1s used;

FIG. 6 A 15 a view showing a configuration of a diffraction
grating of a third embodiment of the present invention;

FIG. 6B i1s an explanatory view of a convergence spot on
the optical disc when diffraction grating of FIG. 6A 1s used;

FIG. 7A 1s a view showing a configuration of a diffraction
grating of a fourth embodiment of the present invention;

FIG. 7B 1s an explanatory view of a convergence spot on
the optical disc when diffraction grating of FIG. 7A 1s used;

FIG. 8A 15 a view showing a configuration of a diffraction
grating of a fifth embodiment of the present invention;

FIG. 8B 1s an explanatory view of a convergence spot on
the optical disc when diffraction grating of FIG. 8A 1s used;

FIG. 9A 15 a view showing a configuration of a diffraction
grating ol a sixth embodiment of the present invention;

FIG. 9B i1s an explanatory view of a convergence spot on
the optical disc when diffraction grating of FIG. 9A 1s used;

FIG. 10 1s a view showing, in schematic form, a configu-
ration example of a light detector used in combination with a
sub-beam generating diffractive element 1n the optical head
device of each embodiment of the present invention;

FIG. 11 a view showing, in schematic form, another con-
figuration example of a light detector used in combination
with a sub-beam generating diffractive element 1n the optical
head device of each embodiment of the present invention;

FIG. 12 1s a view showing, in schematic form, a configu-
ration of an optical head device according to another embodi-
ment of the present invention;

FIG. 13 1s a view showing, 1n schematic form, a configu-
ration of a light detector mounted on the optical head device
shown 1n FIG. 12;

FIG. 14 1s a view showing, 1n schematic form, a configu-
ration of an optical information apparatus mounted with the
optical head device of FIG. 12;

FIG. 15 1s a schematic perspective view showing a con-
figuration of a computer mounted with the optical informa-
tion apparatus of FIG. 14;

FIG. 16 1s a schematic perspective view showing a con-
figuration of an optical disc player and a car navigation sys-
tem mounted with the optical information apparatus of FIG.
14;

FIG. 17 1s a schematic perspective view showing a con-
figuration of an optical disc recorder mounted with the optical
information apparatus of FI1G. 14;
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FIG. 18 1s an explanatory view showing a configuration of
a vehicle mounted with the optical information apparatus of

F1G. 14;

FIG. 19 1s a view showing 1n schematic form a configura-
tion of a conventional optical head device;

FIG. 20A 1s a front view showing a configuration of a
diffractive element of the optical head device shown in FIG.
19;

FI1G. 20B 1s a cross sectional view showing a configuration
of a diffractive element of the optical head device shown 1n
FIG. 19;

FI1G. 21 1s an explanatory view of a convergence spot on an
optical disc 1n the conventional optical head device;

FIG. 22A 1s a front view showing a configuration of a
diffractive element of the conventional optical head device;

FI1G. 22B 1s an explanatory view of a convergence spot on
the optical disc of when the diffraction grating shown in FIG.
22 A 15 used:;

FIG. 23A 1s a front view showing a configuration of a
diffractive element of the conventional optical head device;

FIG. 23B 1s an explanatory view of a convergence spot on
the optical disc of when the diffraction grating shown 1n FIG.
23 A 15 used;

FI1G. 24 A 15 a view showing a state of change 1n difiraction
phase that becomes the main component of the diffractive
clement of the optical head device shown in FIG. 23A; and

FI1G. 24B 1s an explanatory view of a convergence spot on

the optical disc of when the diffraction grating shown 1n FIG.
24 A 1s used.

DETAILED DESCRIPTION OF THE INVENTION

Before the description of the present invention proceeds, it
1s to be noted that like parts are designated by like reference
numerals throughout the accompanying drawings. The first
embodiment in the present invention will now be described 1n
detail with reference to the drawings.

First Embodiment

FIG. 1 1s a view showing, 1n schematic form, a configura-
tion of an optical head device according to a first embodiment
ol the present 1nvention.

A light beam 14 radiated from a light source (e.g., red light
source) 12 1s transmitted through a diffractive element 31 that
diffracts some light (partial diffraction) and then reflected at
a beam splitter 3000, and has parallelism converted (e.g., to
substantially parallel light) by the collimator lens 70,
whereby the light beam 14 1s converged on the recording
surface of the optical disc 27 such as DVD-R and DVD-RAM
etc, through a transparent base material of about 0.6 mm by
the objective lens 25 to form a sub-spot on the optical disc 27.
The light beam reflected by the recording surface of the
optical disc 27 passes the same light path i the opposite
direction, transmits through the beam splitter 3000, and 1s
then branched towards a direction different from the light
source 12 and at the same time, provided with astigmatism.
The light beam 1s photoelectric converted by a light detector
10, and electrical signals for obtaining information signal,
servo signal (focus error signal for focus control and tracking
error signal for tracking control) are obtained. If an amplifier
circuit 1s incorporated in the light detector 10, satisfactory
information signal having high signal/noise (S/N) ratio 1s
obtained, and furthermore, miniaturization of the optical head
device 1s realized and stability 1s obtained.

Although not shown, the optical head can be thinned by
bending the optical axis 1 a direction perpendicular to the
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optical disc such as DVD-R and DVD-RAM by arranging a
rising mirror between the collimator lens 70 and the objective
lens 25.

FIG. 2A 1s a view showing a configuration of a diffractive
clement 31 mounted on the optical head device of FIG. 1. In
FIG. 2A, the dotted line 1s a boundary line virtually showing
the boundary 3108 of the diffraction grating region. The
diffraction grating 1n each diffraction grating region has the
center line of the convex part shown with a solid line. The
pitch of the diffraction grating is appropriately designed by
the arrangement of the diffractive element 31.

Direction T 1s the direction perpendicular to the optical axis
of the light beam and substantially perpendicular to a projec-
tion 1n a track groove extending direction of the optical disc
(not shown), and direction Z 1s an optical axis direction (di1-
rection perpendicular to plane of drawing) of the light beam.
T axis 1s a direction of moving the optical head device when
recording or reproducing the mner periphery and the outer
periphery of the optical disc, and 1s a direction 1n which the
objective lens moves according to track following. Y axis is a
direction perpendicular to the Z axis and the T axis, and 1s a
direction substantially parallel to the projection in the track
groove extending direction of the optical disc. In the above
description, projection 1s performed including mirror mnver-
s10n etc. along the optical axis of the light beam.

The diffractive element 31 of the present application 1s
1vided 1nto regions by a dividing line (dotted line) parallel to
ne groove direction Y as shown in FIG. 2A, thereby forming
1ffraction gratings. Assuming the grating phase of the first
iiiraction grating region 3101 on the left side of the figure 1s
ne reference (0 degree), the grating phase of the second
1ifraction grating region 3102 on the right side of the figure
1s 180 degrees. The shift intheY direction of the grating phase
1s positive. The central region 3109 between the first difirac-
tion grating region 3101 having a phase of 0 degree and the
second diffraction grating region 3102 having a phase o1 180
degrees 1s divided into regions by a dividing line 3108 extend-
ing 1n the T direction, whereby a third diffraction grating
region 3103 having a phase of 90 degrees and a fourth dif-
fraction grating region 3104 having a phase of —90 degrees
are arranged i the Y direction. In other words, the region
3109 between the first diffraction grating region 3101 and the
second diffraction grating region 3102 1s further divided 1nto
plurals, and the phases of the gratings of the divided regions
3103, 3104 take values of opposite signs such as +90 degrees
and —90 degrees. The grating phase 1s in the range from —180
degrees to +180 degrees 1n the present embodiment. Since the
phase has a periodicity in which one period 1s 360 degrees, the
phase can be indicated 1n other ranges by adding or subtract-
ing integral multiples of 360 degrees. For instance, when the
grating phase 1s indicated in the range from 0 degree to 360
degrees, 360 degrees 1s added only when the phase 1s nega-
tive, whereby the grating phase of the divided region 3104 of
the present embodiment becomes the same as being indicated
as 270 degrees. The grating phase 1s indicated 1n the range
from —180 degrees to +180 degrees 1n the present application
described below. The signal amplitude 1n a state the objective
lens 1s not moved by the track following 1s reduced 1n
advance, and the lowering 1n the amplitude of the tracking
error signal 1n a state the objective lens 1s moved 1s relatively
avoided by arranging regions 3103, 3104 forming diffraction
gratings different from the diffraction gratings of the first
diffraction grating region 3101 and the second diffraction
grating region 3102 1n the central region 3109 sandwiched by
the first diffraction grating region 3101 and the second dii-
fraction grating region 3102. The phase i1s prevented from
changing 1n step form across the entire surface of the difirac-
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tive element 31 and light amount distribution 1n which the
sub-beams 33, 34 are line symmetric 1n the T direction with
respect to the symmetric line 1 the Y direction 1s obtained by
forming regions obtained by dividing the central region 3109
sandwiched between the first diflraction grating region 3101
and the second diffraction grating region 3102 into plurals
and arranging diffraction gratings of different phases from
cach other. Specifically, as shown 1n a simplified manner 1n
FIG. 2B, each sub-beam appears to be divided into two beams
since level lines of the light amount are shown. That 1s,
according to the configuration of the present invention, the
clfect of satistying both obtaining the tracking error signal by
the optimum DPP method with respect the optical disc 27 of
different track pitches using the signal difiractive element 31
and suppressing lowering amount 1n the amplitude of the
tracking error signal 1n a state the objective lens 1s moved by
the track following 1s obtained.

The feature of the mvention disclosed in the present
example lies 1 dividing the grating region to at least first to
fourth regions, where at least the third region and the fourth
region are arranged between the first region and the second
region, the phase of +90 degrees and -90 degrees being
respectively given to the third region and the fourth region
assuming the grating phase of the first region 1s the reference
(0 degrees) and the phase of the second region 1s 180 degrees.
In other words, the gratings of four types of phases having
phases differing by 90 degrees are formed in the first region to
the fourth region. The above described effect 1s obtained by
such feature.

The grating pattern that 1s linear and of even period and 1s
in the same direction 1s 1llustrated. This means that the direc-
tion and the size of the grating vector are equal. However, the
present application 1s not limited to the example of an even
grating vector. The grating, which is the base 1n changing the
phase, may be curved, the grating period may be partially
changed, or the direction of grating may be partially changed
to change the wave front of the sub-beam to the desired wave
front. Thus, effect of reducing off-axis aberrations of the
objective lens 1s obtained. The off-axis aberration 1s the aber-
ration that 1s generated when the beam enters the lens diago-
nally.

The width 1n the T direction of the central region 3109
sandwiched by the first diffraction grating region 3101 and
the second diffraction grating region 3102 1s suitably 10% to
40% of the diameter of the projection (hereinatiter referred to
as elfective diameter) on the plane of the diffraction grating
31 for the main beam of limited opening arranged near the
objective lens with respect to the red light. Unless otherwise
stated, this 1s the same for the following embodiments.

The signal variation 1n time of lens shift thus can be sup-
pressed while ensuring the signal intensity obtained from the
sub-beam by defining the width 1n the T direction.

In the above embodiment, the central region 3109 sand-
wiched between the diffraction grating region 1 and the dii-
fraction grating region 2 1s divided mto plurals to provide two
regions of the third diffraction grating region 3103 and the
tourth diffraction grating region 3104 using the dividing line
3108 extending in the T direction, but may be divided by the
dividing line extending in the Y direction instead of the T
direction to arrange the plurality of regions 1n the T direction.
The region may be divided at an intermediate angle of the Y
direction and the T direction. In this case as well, the phase 1s
alleviated from changing 1 a step form across the entire
surface of the diffraction grating 31, and the sub-beams 33, 34
approach a light amount distribution line symmetric in the T
direction with respect to the symmetric line in the Y direction.
This 1s the same for the following embodiments.
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Second Embodiment

Due to restrictions on outer shape of the optical head
device, the diffractive element for sub-beam generation used
in place of the diffractive element 31 of FIG. 1 must be
arranged close to a light source 12 and spaced apart from the
collimator lens 70 as in 3100 of FIG. 3. According to such
arrangement, the required effective diameter of the diffractive
clement 3100 reduces and the outer shape miniaturizes, and
thus the maternial cost of the diffractive element 3100 lowers.

In this case, however, the region from where the sub-beam
1s generated 1n the diffractive element 3100 differs from the
region from where the main beam 1s generated, and the gen-
crating region 402 of the sub-beam 242 and the generating
region 403 of the sub-beam 243 are shifted 1in the Y direction
with respect to the transmitting region 401 of the main beam
214 as shown 1n FIG. 4A. This 1s because the sub-beam 1s a
diffracted light, and the optical axis 1s tilted with respect to the
main beam, whereby the projecting position 1n the sub-beam
of limited opening arranged near the objective lens 1s shifted
from the projecting position of the objective lens in the main
beam. The generating regions are shifted because the sub-
beam, which 1s the diffracted light, bends towards the direc-
tion different from the main beam. Therefore, the amount of
shift of the generating region defined by the product of the
angle and the distance becomes larger the larger distance to
the limited opening arranged near the objective lens from the
diffractive element, that 1s, the closer the diffractive element
1s to the light source. Since the beam diameter of the light or
the mapping of limited opening 1s small the closer the diffrac-
tive element 1s to the light source, the proportion of the shift
with respect to the beam diameter becomes larger. Focusing
on the generating region 403 of the sub-beam 243, the sub-
beam 243 1n the region between the first diffraction grating
region 3101 having a phase of 0 degree and the second dii-
fraction grating region 3102 having a phase of 180 degrees 1s
mainly generated by the third diffraction grating region 3103
having a phase of 90 degrees. Thus, the sub-beam 243 has the
phase of the diffraction grating of 0 degree, substantially 90
degrees, and 180 degrees from the lett, and the phase changes
in step form. Thus, a state close to the prior art example shown
in FIGS. 23A, 23B locally occurs.

Focusing on the generating region 402 of the sub-beam
242 the sub-beam 242 1n a region between the first diffraction
grating region 3101 having a phase o1 0 degrees and a second
diffraction grating region 3102 having a phase of 180 degrees
1s mainly generated by the fourth diffraction grating region
3104 having a phase of =90 degrees. In addition, the phase of
the second diffraction grating region 3102 1s —180 degrees in
view ol the periodicity of 360 degrees. Thus, the sub-beam
242 has the phase of the diffractive element of O degrees,
substantially —90 degrees, and — 180 degrees from the left, and
the phase changes in step form. Thus, a state close to the prior
art example shown 1n FIGS. 23 A, 23B locally occurs.

Since the phases of the diffraction gratings of the sub-beam
generating regions 1s in step form, the sub-beam are asym-
metric as shown 1n FIG. 4B, and offset occurs 1n the tracking
error signal by the push-pull method 1n the main beam and the
sub-beam, which oflset amount fluctuates depending on the
track pitch of the optical disc and cannot be corrected with a
constant correction value.

In order not to arise such 1ssue, the central region 3119
sandwiched by the first difiraction grating region 3111 and
the second diffraction grating region 3112 1s divided into a
plurality of regions of three or more by two or more virtual
boundary lines 3118, to provide diffraction gratings 3113,
3114 having a plurality of types of phases in the present
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embodiment, as shown 1in FIGS. 5A and 6A. In FIG. 5A and
thereatter, the line of the convex part of the diffraction grating,
1s omitted for simplicity for the grating 1n a direction same as
the pitch. When only the phase of the diffraction grating 1s
shown, the pitch and the direction of the grating in the same
region are assumed to be constant.

The diffraction grating 3110 of FIG. 5A divides the central
region 3119 between the first diffraction grating region 3111
having a phase of O degree (reference) and the second diffrac-
tion grating region 3112 having a phase of 180 degrees 1nto
five regions by four dividing lines 3118 extending in the T
direction, where the three regions are the third diffraction
grating region 3113 having a phase of 90 degrees and the
remaining two regions are the fourth diffraction grating
region 31138 having a phase of —90 degrees.

According to such configuration, the generating region
4310 of the sub beam 3410 and the generating region 4210 of
the sub-beam 3310 substantially equally contain the diffrac-
tion grating region 3A having a phase of 90 degrees and the
diffraction grating region 3B having a phase of —90 degrees,
and thus the sub-beam 3310 and the sub-beam 3410 are
symmetric as shown in FIG. SB. Therefore, the effect of
satisfying both obtaining the tracking error signal by the
optimum DPP method with respect to the optical disc having
different track pitches using a single diffractive element, and
suppressing the lowering amount in the amplitude of the
tracking error signal in a state 1n which the objective lens 1s
moved by track following i1s obtained. The number of divided
regions by the dividing line 3118 extending 1n the T direction
1s not limited to five, and merely needs to be three or more,
and thus may be greater than five.

Third Embodiment

The diffraction grating 3120 according to the third embodi-
ment of the present invention 1s used 1n place of the diffractive
element 31 of FIG. 1. As shown 1n FIG. 6A, the diffractive

clement 3120 divides the central region 3129 between the first
diffraction grating region 3121 having a phase of 0 degrees
and the second diffraction grating region 3122 having a phase
of 180 degrees mto seven regions by six dividing lines 3128
extending 1n the T direction to provide the third diffraction
grating regions 3123 having a phase of 60 degrees, the fourth
diffraction grating regions 3124 having a phase of 120
degrees, a fifth diffraction grating regions 3125 having a
phase of —120 degrees, and a sixth difiraction grating region
3126 having a phase of —60 degrees. According to the present
configuration, the generating region 4320 of the sub-beam
3420 and the generating region 4220 of the sub-beam 3320
substantially equally include diffraction grating regions
which phases contradict each other, and thus the sub-beam
3320 and the sub-beam 3420 are symmetric as shown 1n FIG.
6B. Therelfore, the effect of satisfying both obtaining the
tracking error signal by the optimum DPP method with
respect to the optical disc having different track pitches using
a single diffractive element and suppressing the lowering
amount of the tracking error signal 1n a state the objective lens
1s moved by track following 1s obtained. The number of
regions to be divided by the dividing line 3128 extending in
the T direction 1s not limited to seven, and may be of greater
number. The phase of the diffraction grating formed 1n the
central region 1329 between the diffraction grating region 1
and the diffraction grating region 2 forms a grating having
phases of opposite signs, or the average of the phase of the
diffraction grating formed 1n the central region 3129 merely
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needs to be substantially O degrees, and 1s not necessarily
limited to £60 degrees, £90 degrees, £120 degrees, etc.

Fourth Embodiment

In another embodiment, an example of a diffractive ele-
ment arranged with a region forming a diffraction grating of
a grating vector different from the difiraction gratings of the
diffraction grating region 1 and the diffraction grating region
2 1n the central part sandwiched by the first difiraction grating
region and the second diffraction grating region will be
described. An example of using the diffractive element 1n
place of the diffractive element 31 of FIG. 1 will be described
using FIG. 7A. The diffractive element 3130 of FIG. 7A
divides the central region 3139 between the first diffraction
grating region 3131 having a phase of 0 degrees and the
second diffraction grating region 3132 having a phase o1 180
degrees 1nto five regions by four dividing lines 3138 extend-
ing 1n the T direction, where three regions are the third dii-
fraction grating region 3133 having a central line of the con-
vex part of diagonally right down in the figure, and the
remaining two regions are the fourth diffraction grating
region 3134 having a center line of the convex part diagonally
left down 1n the figure. That 1s, the direction of the grating
vector of the first diffraction grating region 3131, the second
diffraction grating region 3132, and the central region 3139 1s
different. In the present configuration, the diffracted light of
the central region 3139 sandwiched by the first difiraction
grating region 3131 and the second diffraction grating region

3132 1s wrradiated at positions different from the sub-beams
3330, 3430 as 1n the diffracted light 3530 and the difiracted

light 3630 of FIG. 7B on the recording surface of the optical
disc. Similarly, when reflected by the optical disc and 1rradi-
ated on the light detector, the light 1s irradiated at positions
different from the sub-beams 3330, 3430. Thus, the beam
transmitted through the central region 3139 does not contrib-
ute to the formation of the push-pull signal, and the amplitude
of the signal 1n a state the objective lens 1s not moved by track
following 1s reduced 1n advance. Therefore, the lowering 1n
amplitude of the tracking error signal 1n a state the objective
lens 1s moved 1s relatively avoided. The sub-beam 3330 and
the sub-beam 3430 are symmetric as shown 1n FIG. 7B, and
thus the effect of satistying both obtaining the tracking error
signal by the optimum DPP method with respect to the optical
disc having different track pitches using a single diflractive
clement and suppressing the lowering amount 1n the ampli-
tude of the tracking error signal 1n a state the objective lens 1s
moved by track following 1s obtained. The number of regions
to be divided by the dividing line extending 1n the T direction
1s not limited to five, and may be of greater number.

Fitth Embodiment

A diftractive element 3140 of FIG. 8A used 1n place of the
diffractive element 31 of FIG. 1 forms a third diffraction
grating region 3143 having a pitch different from the first
diffraction grating region 3141 and the second difiraction
grating region 3142 1n a central region 3149 between the first
diffraction grating region 3141 having a phase of 0 degrees
and the second diffraction grating region 3142 having a phase
of 180 degrees. Even 11 the direction of the center line of the
convex part of the diffraction grating arranged in the third
diffraction grating region 3143 1s the same as the first difirac-
tion grating region 3141 and the second diffraction grating
region 3142, the size of the grating vector differs since the
pitch 1s different. The direction of the center line of the convex
part may be changed. In the present configuration, the dif-
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fracted light transmitted through the central region 3149
sandwiched by the first difiraction grating region 3141 and

the second diffraction grating region 3142 1s irradiated at
positions different from the sub-beams 3340, 3440 as 1n the
diffracted light 3540 and the difiracted light 3640 of FIG. 8B
on the recording surface of the optical disc. Similarly, when
reflected by the optical disc and 1rradiated on the light detec-
tor, the light 1s 1irradiated at positions different from the sub-
beams 3340, 3440. Thus, the beam transmitted through the
central region 3149 does not contribute to the formation of the
push-pull signal, and the amplitude of the signal 1n a state the
objective lens 1s not moved by track following 1s reduced 1n
advance. Therefore, the lowering 1n amplitude of the tracking
error signal 1n a state the objective lens 1s moved 1s relatively
avoided. The sub-beam 3340 and the sub-beam 3440 are
symmetric as shown in FIG. 8B, and thus the effect of satis-
tying both obtaining the tracking error signal by the optimum
DPP method with respect to the optical disc having different
track pitches using a single diffractive element and suppress-
ing the lowering amount in the amplitude of the tracking error
signal 1n a state the objective lens 1s moved by track following
1s obtained. In addition, the central region 3149 sandwiched
by the first diffraction grating region 3141 and the second
diffraction grating region 3142 may be divided into regions
by a dividing line (not shown) extending in the T direction to
form diffraction gratings of various pitches.

Sixth Embodiment

The tracking error signal detection method by DPP method
1s sometimes used with the focus error signal detection
method by differential astigmatism method. Patent document
S (International Laid-Open Publication No. WO 2004/
097815) discloses differential astigmatism method and
improvement in defocus characteristic of the focus error sig-
nal by differential astigmatism method. The diffraction grat-
ing divides the diffraction grating for generating the sub-
beam into four regions, where the phase of the adjacent
regions differ by 180 degrees and the opposing regions are set
with the same phase. In such diffraction grating, the sub-beam
1s divided into four, and when the sub-beam 1s arranged 1n the
same groove as the main beam on the recording surface of the
optical disc, the push-pull signal of the sub-beam has a polar-
ity opposite of the main beam, thereby realizing the DPP
method. Furthermore, the cross talk of the push-pull signal
component 1mnto the focus error signal i1s canceled out by
detecting and adding the focus error signal by astigmatism
method from both the main beam and the sub-beam.

In the sub-beam generating difiraction grating disclosed in
patent documents 3 and 4, only one area 1s provided for the
grating portion having a phase of 0 degrees and the grating
portion having a phase of 180 degrees.

Asshownin FIG. 9A, in the present embodiment, a left side
diffraction region 3151 of the diffractive element 3150 used
in place of the difiractive element 31 of FIG. 1 1s divided nto
regions by the boundary 3158L extending in the T direction
into an A diffraction grating region 3151 A and B diffraction
grating region 3151B, where the phase of the diffraction
grating of the A diffraction grating region 1s O degrees and the
phase of the B diffraction grating region 1s 180 degrees.
Furthermore, the right side diffraction region 3152 of the
diffraction grating 3150 1s divided into regions by a boundary
3158R extending in the T direction mto an A diffraction
grating region 3152A and a B diffraction grating region
31528, where the phase of the diffraction grating of the A
diffraction grating region 3152 A 1s 180 degrees and the phase
of the B diffraction grating region 3152B 1s 0 degrees. The A
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diffraction grating region 3151A of the left side diffraction
region 3151 and the A diffraction grating region 3152 A of the
right side diffraction region 3152 have phases of the diffrac-
tion grating differing by 180 degrees with respect to each
other, and the B diffraction grating region 3151B of the left
side diffraction region 3151 and the B diffraction grating
region 3152B of the nght side diffraction region 3152 have
phases of the diffraction grating differing by 180 degrees with
respect to each other, and thus the polarity of the push-pull
signals of the main beam and the sub-beam are also opposite.
Similar to patent document 3, the defocus characteristic of the
focus error signal by differential astigmatism method also
improves, and cross talk of the push-pull signal component to
the focus error signal 1s suppressed. The aspect of the present
example 1n that the central region 3159 1s arranged between
the left side diffraction region 3151 and the right side difirac-
tion region 3152 differs from the patent documents described
above. The eflect of suppressing lowering amount in the
amplitude of the tracking error signal 1n a state 1n which the
objective lens 1s moved by track following i1s obtained by
arranging the central region 3159. Specific configuration of
the central region 3159 may be of any one of the above
embodiments.

(Light Detector)

The light detector used 1n combination with the sub-beam
generating diffractive element according to the embodiment
ol the present invention will now be described. FIG. 10 shows
an example of a light detection region dividing configuration
of the light detector 10 suited for detecting the focus error
signal by differential astigmatism method and detecting the
tracking error signal by the DPP method. In FIG. 10,Y, T, Z
axes are common as shown in FIG. 1. A pattern of the light
detector 10 when seen through from the side opposite to the
surface to which the light beam enters 1s shown. The light
receiving region 20 for recerving the main beam 1s also
divided into four, and the focus error signal (FE) 1s detected
using astigmatism provided when transmitting through the
beam splitter 3000. Expressing the name of each divided
region as signal output intensity, the FE can be calculated by
equation 1.

FE=(20A+20C)-(20B+20D) (Eg. 1)

The tracking error signal by a so-called phase difference
method or push-pull method can also be obtained. The track-
ing signal by the phase difference method 1s obtained by
comparing the phase of the change in temporal signal inten-
sity of 20A+20C and 20B+20D. The tracking error signal by
the push-pull method of the main beam (TEPP) 1s calculated
by equation 2.

TEPP=(20A+20B)-(20C+20D) (Eg. 2)

The light receiving regions 21, 22 receive the sub-beam.
The tracking error signal by the differential push-pull method
may be detected through calculation with the push-pull signal
of the light recerving region 20, the focus error signal by the
astigmatism method may be detected from the light receiving
regions 21, 22 and calculated with the focus error signal
obtained from the light recerving region 20 to remove the
cross talk from the track signal.

The tracking error signal TEDPP by the differential push-
pull method 1s calculated by equation 3.

TEDPP=(20A+20B)-(20C+20D)-K1[(21 A+21B)-

(21C+21D)]-k1[(22A+22B)-(22C+22D)] (Eg. 3)

where K1 1s a constant. The tracking error signal by the
push-pull method 1s prevented from fluctuating when the
objective lens moves 1n the T direction by track following by
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appropriately defining the constant K1. The cause of fluctua-
tion 1n the tracking error signal when the objective lens moves
in the T direction 1s the movement of the light beam on the
light detector 10 as the far field pattern moves. Since the main
beam and the sub-beams are equally subjected to the 1nflu-
ence of the movement of the far field pattern, K1 1s set so as
to cancel the ratio of the light amount of the main beam and
the light amount of the sub-beam. Specifically, the optical
disc without grooves 1s prepared, focus control 1s performed,
and the objective lens 1s forcibly moved in the T direction to
define the value o1 K1 so that the change of TEDPP becomes
suificiently small. The value of K1 must be changed for every
track pitch of the optical disc 1n patent document 3, but
preferably, the value of K1 1s rather defined according to the
light amount distribution of the far field pattern of the light
beam and the diffraction efficiency of the diffractive element
for sub-beam diffraction. Therefore, K1 1s desirably a con-
stant unique to the device such as mounting a half-fixed
resistor on the optical head device or the circuit substrate of
the optical information apparatus, and shipping after adjust-
ing the amplifier gain.

The focus error signal FED by the differential astigmatism
method 1s calculated by equation 4.

FED=(20A+20C)—(20B+20D)-K2[(21 A+21C)-

(21B+21D)]-K2[(22A+22C)—(22B+22D)] (Eq. 4)

where K2 1s a constant. The cross talk from the track signal
to the focus error signal 1s removed by appropriately defining
the constant K2. In particular, since the push-pull signal of the
DVD-RAM i1s large, K2 1s desirably set so that the cross talk
from the track signal to the focus error signal becomes a
mimmum with respect to the DVD-RAM disc. The focus
control 1s performed on the DVD-RAM disc, and the objec-
tive lens 1s forcibly moved in the T direction to define the
value of K2 so that the change 1n the focus error signal FED
becomes sulficiently small. Similar to K1, K2 1s desirably a
constant unique to the device such as mounting a half-fixed
resistor on the optical head device or the circuit substrate of
the optical information apparatus, and shipping after adjust-
ing the amplifier gain.

In DVD-R, DVD-RW, DVD-ROM, since the push-pull
signal 1s relatively small, a circuit for switching according to
the type of optical disc 1s arranged 1n the optical information
apparatus so that the focus error signal uses FE of equation 1,
and uses FED of equation 4 only for the DVD-RAM to switch
the signals.

(Other Configuration Examples of Light Detector)

A light detector used in combination with a sub-beam
generating diffractive element according to the above
embodiment of the present invention capable of reproducing
or recording not only the DVD but also on the CD will now be
described. The light source 12 1 FIG. 1 1s assumed to be a
two-wavelength light source for radiating not only red light
but also infrared light. As disclosed 1n patent document 6
(Japanese Laid-Open Patent Publication No. 7-98431), with
the region divided to the inner periphery and the outer periph-
ery, the objective lens 235 converges the light passing through
both 1nner and outer peripheries for the DVD and converges
only the light passing through the inner periphery for the CD.
Reproduction and recordation of both the CD and the DVD
are realized by using the light detector 1000 shown in FI1G. 11.
In FIG. 11, the light detection regions 20, 21, 22 act the same
as the light detector 10 shown 1n FIG. 10. The light detector
1000 1s further arranged with light detection regions 23, 24,
25 for recerving the infrared light. The light detection region
23 1s divided 1nto four, and the light detection regions 24, 235
are divided into two. Similar to when the light receiving
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region 20 receives the red light, the infrared light 1s recerved
by the light detection region 23, and the focus error signal by
the astigmatism method and the tracking error signal by the

push-pull method or the phase difference method are
detected. When recording on CD-R or CD-RW, the tracking
error signal by the DPP method 1s detected using the output of

the light detection regions 24, 25. The tracking error signal
TEDPPCD by the DPP method 1s detected through calcula-
tion of equation 5.

TEDPPCD=(23A+23B)-(23C+23D)-K3(24A-24B)-

K3(25A-22B) (Eg. 5)

where K3 1s a constant. The tracking error signal by the
push-pull method 1s prevented from fluctuating when the
objective lens moves 1n the T direction by track following by
appropriately defining the constant K3. The cause of fluctua-
tion 1n the tracking error signal when the objective lens moves
in the T direction 1s the movement of the light beam on the
light detector 1000 as the far field pattern moves. Since the
main beam and the sub-beam are equally subjected to the
influence of the movement of the far field pattern, K3 1s set so
as to cancel the ratio of the light amount of the main beam and
the light amount of the sub-beam. Specifically, the optical
disc without grooves 1s prepared, focus control 1s performed,
and the objective lens 1s forcibly moved 1n the T direction to
define the value of K3 so that the change of TEDPPCD
becomes sulliciently small. The value of K3 1s preferably
defined according to the light amount distribution of the far
field pattern of the light beam and the diffraction efficiency of
the diffractive element for sub-beam diffraction. Therefore,
K3 1s desirably a constant unique to the device such as mount-
ing a hali-fixed resistor on the optical head device or the
circuit substrate of the optical information apparatus, and
shipping after adjusting the amplifier gain. Since the diffrac-
tive element described 1n the previous embodiments 1s used as
the sub-beam generating difiractive element 1n the present
application, a satisfactory DPP signal can be obtained even 1n
CD 1n which the track pitch greatly differs from the DVD.
However, since the effective diameter of the infrared light 1s
about ¥ of the red light, the width of the region between the
diffraction grating region 1 and the diffraction grating region
2 of the sub-beam generating diffractive element 1s desirably
less than or equal to 30% of the effective diameter (projection
of objective lens) of the red light. As previously described that
the width 1s desirably 10% to 40% 1n the optical head dedi-
cated for DV D, the width of the region between the diffraction
grating region 1 and the diffraction grating region 2 of the
sub-beam generating diffractive element 1s desirably 10% to
30% of the effective diameter (projection of objective lens) of

the red light to satisfy both requirements when also reproduc-
ing the CD.

(Optical Head Device)

The optical head device capable of reproducing or record-
ing not only DVD but also CD and BD will now be described.
In FIG. 12, the direction T 1s a direction perpendicular to the
optical axis of the objective lens 9 and substantially perpen-
dicular to the track groove extending direction of the optical
disc (not shown), and direction Z 1s an optical axis direction of
the objective lens 34, 41, that 1s, focusing direction (direction
perpendicular to plane of drawing). The T-axis 1s a direction
of moving the optical head device when recording and repro-
ducing the inner periphery and the outer periphery of the
optical disc. Y-axis 1s a direction perpendicular to the Z-axis
and the T-axis and 1s a direction substantially parallel to the
track groove extending direction of the optical disc at the
position of the objective lens 9. The configuration of mirror
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imnversion 1n which the T-axis and the Y-axis are inverted, or
rotated by 90°, 180°, 270° may be adopted.

The light beam 2 of linear polarized light radiated from a
first short wavelength light source (e.g., blue light source) 1 1s
reflected by a polarization separation film at the surface of a
parallel flat plate 3, and transmitted through a hologram ele-
ment 4. A reflective hologram (not shown) 1s formed at a
region that does not shield the incident light to the objective
lens 9 distant from the optical axis of the hologram element 4,
and a monitor signal for stabilizing the light intensity is
obtained without increasing the number of components by
receiving the reflected diffracted light at the light detector 10
and monitoring the light intensity of the light beam 2.

The light beam 1 transmitted through the hologram ele-
ment 4 1s converted to light flux that 1s more greatly diverged
by a relay lens 5. The relay lens S has a concave lens etffect,
and converts the angle of estimating the light source 1 from
the opening portion of the objective lens 9, that 1s, the light
source side numerical aperture (NA) 1s converted from small
NA 1n the vicinity of the light source to the large NA on the
collimator lens 7 side. The parallelism of the light beam 2 1s
converted to close to parallel by the collimator lens 7, and the
optical axis 1s bent in the Z axis direction perpendicular to the
optical disc by the rising mirror 8. The objective lens 9 passes
the light beam 2 through the transparent base material of
about 0.1 mm, thinner than 0.6 mm, and converges the light
beam 2 on the recording surface of the optical disc of high
density such as BD. The collimator lens 7 makes the light
beams close to be parallel, that 1s, alleviates the divergence
degree, and may be configured by combined two lenses.
When moving the collimator lens 7 in the optical axis direc-
tion 1n order to correct spherical aberration, 1f the collimator
lens 7 1s configured by two lenses, only one of the two lenses
needs to be moved. A quarter wavelength plate 18 changes
linear polarized light to circular polarized light. The light
beam reflected at the recording surface of the optical disc
tollows the original light path in the opposite direction, and 1s
made to the linear polarized light 1n the direction perpendicu-
lar to the direction when exit from the light source 1 by the
quarter wavelength plate 18, and transmitted through a
branching member such as parallel flat plate 3 having the
polarization separation film formed on the surface along with
one part of the light beam diffracted by the hologram element
4, branched to a direction different from the light source 1,
and photoelectric converted by the light detector 1010, so that
clectrical signals for obtaining information signal and servo
signal (focus error signal for focus control, that1s, focus servo
and tracking signal for tracking control) are obtained.

The light beam 135 radiated from the second light source
(e.g., mndrared light source) 12 1s transmitted through (partial
diffraction) the diffractive element 13 for diffracting some
light to form a sub-spot on the optical disc, transmitted
through a wedge 6 having a cross sectional shape of a wedge
shape, and has the parallelism converted by the collimator
lens 7 (e.g., to substantially parallel light) and the optical axis
bent by the rising mirror 9 1n a direction perpendicular to the
optical disc such as compact disc (CD) having lower record-
ing density than the BD. The objective lens 9 passes the light
beam 14 through the transparent base material of about 1.2
mm and converges the light beam 14 on the recording surface
of the optical disc. The light beam reflected by the recording
surface of the optical disc follows the original light path in the
opposite direction, 1s branched towards a direction different
from the light source 12 by a branching member such as
polarizing selection film arranged on the surface on the col-
limator lens 7 side of the wedge 6, and photoelectric con-
verted by the light detector 1010 simuilar to the light beam 1,
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so that electrical signals for obtaining information signal and
servo signal (focus error signal for focus control, tracking
signal for tracking control) are obtained. IT an amplifier cir-
cuit 1s incorporated 1n the light detector 10, satisfactory infor-
mation signal having high signal/noise (S/N) ratio 1s
obtained, and miniaturization and thinning of the optical head
device are achieved and stability 1s obtained.

Furthermore, 1n order to perform reproduction or recorda-
tion of a third optical disc (e.g., DVD) having an intermediate
recording density of the two types of optical discs, the third
red light source 1s arranged in the vicinity of the light source
12, and a beam splitter arranged 1n the vicinity of the light
source 12 for combining the light paths with the infrared light
source may be arranged, but i the light source 12 1s a two-
wavelength light source for exiting the light beam of two
wavelengths of red light and infrared light, the beam splitter
1s unnecessary and the number of components 1s reduced.

The light beam 15 ofred light radiated from the light source
12 reaches the objective lens 9, similar to the red light, and
passes through the transparent base material of about 0.6 mm
and converges on the recording surface of the optical disc
such as DVD by the objective lens 9. Stmilar to the red light,
the light beam retlected by the recording surface of the optical
disc follows the original light path 1n the opposite direction,
and electrical signals for obtaiming information signal and
servo signal (focus error signal for focus control, tracking
signal for tracking control) are obtained by the light detector
10.

Generally, 1n order to branch the optical path, a cube type
beam splitter 1n which two triangular transparent members
are attached may be used, but the number of components can
be reduced 1f parallel flat plate or wedge 1s used as 1n the
present application, and the material cost 1s reduced. If the
beam splitter of a single member 1s arranged 1n a non-parallel
light path from the light source to the objective lens to trans-
mit light, the wedge 6 as shown 1n FIG. 12 15 used to prevent
production of astigmatism, and the angle of incidence of the
optical axis 1s desirably smaller than 45 degrees. Aberration
may still occur due to manufacturing error even if the above
are taken into consideration. Thus, in the example shown 1n
FIG. 1 of the present application, the light beam 2 to be
converged on the optical disc having the highest density 1s
reflected without transmitting through either of the two beam
splitters 1n the non-parallel light path from the light source 1
to the collimator lens 7. Thus, satisfactory signal reproduction
and signal recordation can be realized on the optical disc
having the highest density such as BD.

The objective lens 9 1s fixed at a predetermined position of
the actuator (not shown) for microscopically moving the
objective lens. An object lens drive device (objective lens
actuator) 1s able to microscopically move the objective lens 9
in both focusing direction Z orthogonal to the recording sur-
face of the optical disc and tracking direction’Y of the optical
disc.

When using the objective lens 9 of NA 0.85 or of larger
numerical aperture for reproduction or recordation of BD and
the like, spherical aberration i1s significantly produced with
respect to the thickness of the transparent base matenal filled
from the surface to which the light enters the optical disc up
to the information recording surface when performing recor-
dation or reproduction on the optical disc since the numerical
aperture 1s large. In the present example, the dispersion con-
vergence degree of the light from the collimator lens 7 to the
objective lens 9 1s changed by moving the collimator lens 7 1n
the optical axis direction of the collimator lens 7. When the
dispersion convergence degree of the light entering the objec-
tive lens changes, the spherical aberration changes, and thus
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the spherical aberration originating from the base matenal
thickness difference 1s corrected using the same. The optical
head device shown 1n FIG. 12 1s arranged with a driving
device 11 to move the collimator lens 7 1n the optical axis
direction of the collimator lens 7. Specifically, stepping
motor, brushless motor, or the like 1s used as the driving
device 11. A holder 17 for holding the collimator lens 7, a
guide shait 16 for guiding the movement of the holder 17, and
a gear (not shown) for transmitting the driving force of the
driving motor 11 to the holder 17 are arranged 1n the optical
head device. The holder 17 for holding the collimator lens 7
may be integrally molded with the collimator lens 7, whereby
number of components of the optical head device 1s reduced
i integrally molded.

The collimator lens 7 1s prevented from performing an
unintended movement with respect to inertia force by accel-
cration and deceleration speed when moving the entire opti-
cal head device 1n the inner and outer peripheral direction of
the optical disc by having the optical axis of the collimator
lens 7 non-parallel to the Y axis as 1n the present application.

The objective lens 25 converges the infrared light 15 at the
inner most peripheral portion near the optical axis through the
transparent base material of about 1.2 mm of the low density
optical disc 28 such as CD. The objective lens 25 also con-
verges the red light 14 up to the middle peripheral portion of
a range one si1ze wider than the inner most peripheral portion
through the transparent base material of about 0.6 mm of the
optical disc 27 such as DVD. The objective lens 25 converges
the blue light 2 within the effective diameter through the
transparent base material of about 0.1 mm or thinner of the
high density optical disc 26 such as BD.

Therefore, in order to converge the respective light passed
through the transparent base material of different thicknesses,
diffractive element 1s eflectively used, as disclosed in patent
document 6 (Japanese Laid-Open Patent No. 7-98431). The
diffractive element has the design of the inner most peripheral
part, the middle peripheral part, and the outer most peripheral
part to be discontinuous, so that the inner most peripheral part
converges through the base material of any thickness, and the
outer most peripheral part converges only when transmitted
through the base material of 0.1 mm or thinner. As one
example, the design 1s more facilitated by using the light
source of different wavelengths as described above. The CD
uses infrared light, DVD uses red light, and BD uses blue
light, and correction of spherical aberration due to base mate-
rial thickness and switching 1n limited opening according to
the type of disc are achieved by utilizing the fact that the
diffraction angle of a primary diffracted light of the difirac-
tive element differs depending on the wavelength.

FI1G. 13 shows an example of a division of a light detection
region of the light detector 1010 suited for detecting the focus
error signal by astigmatism method. In FIG. 13, a pattern seen
through from the side opposite to the surface to which the
light beam enters of the light detector 1010 1s shown. The
light recetving regions 20, 21, 22, 23, 24, 235 are denoted with
the same reference numbers for the portions acting the same
as the light detector 1000 of FIG. 11 with respect to the red
light and the infrared light. The light receiving region 20
receives the blue light and the red light. The light recerving
region 20 1s divided into four, and detects the focus error
signal using astigmatism provided by the parallel tlat plate 3.
The tracking signal by the so-called phase difference method
and push-pull method may also be obtained. The light receiv-
ing regions 21, 22 recerve the sub-beam diffracted when the
red light passes through the difiractive element 13. The track-
ing error signal by the differential push-pull method 1is
detected through calculation with the push-pull signal of the
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light receiving region 20, the focus error signal by the astig-
matism method 1s detected from the light receiving regions
21, 22 and calculated with the focus error signal obtained
from the light recerving region 20 to perform the differential
astigmatism method of removing cross talk from the track
signal. By arranging the diffractive element between the light
source 1 and the parallel flat plate 3, the sub-beam signal can
be detected from the light receiving regions 21, 22 in the blue
light, similar to 1n the red light.

The light receiving regions 23, 24, 25 receive infrared light.
The inter-center distance of the light recerving regions 20 and
23 1s set to the distance obtained by multiplying a magnifica-
tion ratio realized by the relay lens 5 to the inter-light emitting
point distance of the red light and the infrared light 1n the light
source 12. Assuming the inter-center distance of the light
receiving regions 20 and 21 1s L1, and the inter-center dis-
tance of the light receiving regions 23,24 1s .2, theratioof L1
and .2 1s set so as to be equal to the ratio of wavelength of red
light: wavelength of infrared light. The light recerving region
23 1s divided 1nto four, and the focus error signal 1s detected
using astigmatism provided by the parallel flat plate 3. The
tracking signal by the so-called phase difference method and
the push-pull method may also be obtained. The light rece1v-
ing regions 24, 25 recerve sub-beam diffracted when the
infrared light passes through the diffractive element 13. The
tracking signal by the differential push-pull method 1s
detected through calculation with the push-pull signal of the
light recerving region 23. In the present application, the dii-
fractive element described in the previous embodiments such
as diffractive element 31, 3100 1s used as the diffractive
clement 13. Thus, the eflect of satisiying both obtaining the
tracking error signal by DPP method suited for the optical
disc of different track pitches using a single diffractive ele-
ment, and suppressing the lowering amount in the amplitude
of tracking error signal 1n a state the objective lens 1s moved
by tracking following 1s obtained.

The number of components of the semiconductor compo-
nent 1s reduced by arranging a plurality of light receirving
regions on a single light detector or a single semiconductor
chip and photoelectric converting the different wavelengths.
(Optical Information Apparatus)

Furthermore, a configuration example of the optical infor-
mation apparatus using the optical head device of the present
invention 1s shown in FIG. 14. In FI1G. 14, the optical discs 26,
277, 28 are arranged on a turn table 182, and rotated by a motor
164. The optical head device shown 1n FIG. 12 1s used for the
optical head device 135. The optical head device 155 1is
roughly moved by the drive device 151 of the optical head
device up to a track where the desired information 1s present
in the optical disc.

The optical head device 155 provides the focus error (focus
error) signal or the tracking error signal to an electric circuit
153 1n correspondence to the positional relationship with the
optical disc 26. The electric circuit 153 provides a signal for
microscopically moving the objective lens to the optical head
device 155 inresponse to the focus error signal or the tracking
error signal. In response to the signal, the optical head device
155 performs focus servo (control) and the tracking control
on the optical disc, and also performs read, write, (record) or
crase ol the information with respect to the optical head
device 133.

The optical information apparatus 157 of the present
embodiment 1s mounted with the optical head device shown
in FIG. 12, and thus has an advantage of stably recording or
reproducing on a plurality of optical discs having different
recording density with a single optical head device.




US RE43,961 E

25

(Computer)

The computer mounted with the optical information appa-
ratus 167 shown 1n FI1G. 14 will now be described. The com-
puter, the optical disc player, or the optical disc recorder
mounted with the optical information apparatus of FIG. 14 or
adopting recording and reproducing method described above
stably records or reproduces the optical disc of different type,
and thus can be used for a wide range of applications.

In FIG. 15, a computer 300 including the optical informa-
tion apparatus 167 shown in FIG. 14, an input device 365 such
as keyboard, mouse, and touch panel to input information, an
arithmetic device 364 such as central processing unmt (CPU)
for performing calculation based on information mput from
the mput device and the information read from the optical
information apparatus 167, and an output device 361 such as
Braun tube, liquid crystal display device, and printer for
displaying mformation such as result of calculation by the
arithmetic device.

(Optical Disc Player)

The schematic form configuration of the optical disc player
mounted with the optical information apparatus shown in
FIG. 14 1s shown in FI1G. 16. In FIG. 16, the optical disc player
321 including the optical information apparatus 167 shown 1n
FIG. 14, and an information-image conversion device (e.g.,
decoder 366) for converting information signal obtained from
the optical information apparatus to image 1s configured. This
configuration 1s also used as a car navigation system by add-
ing a position sensor such as GPS and central processing
device (CPU). A mode added with the display device 320
such as liquid crystal monitor 1s also possible.

(Optical Disc Recorder)

A schematic form configuration of an optical disc recorder
mounted with the optical information apparatus shown in
FIG. 14 1s shown in FIG. 17. The optical disc recorder shown
in FIG. 17 includes an optical information apparatus 167
shown i FIG. 14 and an image-information conversion
device (e.g., encoder 368) for converting the image informa-
tion to the information to be recorded on the optical disc by
the optical information apparatus. Desirably, the portion that
1s already recorded can also be reproduced by including the
information-image conversion device (decoder 366) for con-
verting information signal obtained from the optical informa-
tion apparatus to image. The output device 361 such as Braun
tube, liquid crystal display device, printer, and the like for
displaying information may also be arranged.

(Vehicle)

The vehicle mounted with the optical information appara-
tus 167 shown in FIG. 14 will now be described. The sche-
matic form configuration of the vehicle mounted with the
optical information apparatus shown 1n FIG. 14 1s shown 1n
FIG. 18. In FIG. 18, the optical information apparatus 167 1s
the optical information apparatus 167 o1 F1G. 14. The vehicle
body 131 1s mounted with the optical information apparatus
167. A power generating unit 134 and a fuel storing unit 135
for storing fuel to be supplied to the power generating unit
134 and/or apower supply 136 are also arranged 1n the vehicle
body 131. Therefore, information can be stably obtained from
various types of optical disc while in the moving body by
mounting the optical information apparatus 167 of the present
application on the vehicle body. Alternatively, the informa-
tion can be recorded. The vehicle body 131 further includes
wheels 133 for traveling 1n the case of train or automobile. In
the case of automobile, a handle 130 for changing directions
1s arranged.

Furthermore, a great number of optical discs can be readily
used by mounting a changer 138 or an optical disc accommo-
dating unit 139 on the vehicle body 131. An arithmetic device
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164 for processing the information obtained from the optical
disc to obtain an i1mage, a semiconductor memory 137 for
temporarily storing the information and a display device 142
may be arranged to enable reproduction of picture informa-
tion from the optical disc. Audio and music can be reproduced
from the optical disc by arranging an amplifier 140 and a
speaker 141. With arrangement of a positional sensor such as
GPS 132, along with the map information reproduced from
the optical disc, the current position and advancing direction
can be recognized as image displayed on the display device
142 or audio output from the speaker 141. Furthermore, infor-
mation from the outside can be recerved and complementary
used with information of the optical disc by arranging a
wireless communication unit 143.

The output device 361 and the liquid crystal display moni-
tor 320 are shown 1n FIGS. 15, 16, and 17, but output termi-
nals may be arranged, where the output device 361 and the
liquid crystal monitor 320 obviously may be 1n separately
sold product modes without being arranged therein. The input
device 1s not shown 1n FIGS. 16 and 17, but a product mode
equipped with the input device such as keyboard, touch panel,
mouse, remote control device and the like 1s also possible.
The mput device may be separately sold, and may be 1n a
mode including only the input terminals.

The optical head device according to the present invention
can record and reproduce on a plurality of types of optical
discs having different base material thickness, responding
wavelength, recording density, and the like, and a compatible
optical information apparatus using the optical head device
can handle optical disc of various standards such as CD,
DVD, and BD. Therefore, the application can be expanded to
various systems for storing information such as computer,
optical disc player, optical disc recorder, car navigation sys-
tem, edit system, data server, AV component, vehicle, and the
like.

The respective advantages are obtained by appropnately
combining arbitrary embodiments of the various embodi-
ments described above.

Although the present invention has been fully described 1n
connection with the preferred embodiments thereof with ret-
erence to the accompanying drawings, 1t 1s to be noted that
various changes and modifications are apparent to those
skilled 1n the art. Such changes and modifications are to be
understood as included within the scope of the present inven-
tion as defined by the appended claims unless they depart
therefrom.

What 1s claimed 1s:

1. An optical head device comprising a light source, a
diffractive element for branching light exiting from the light
source 1nto at least three light fluxes including a main beam
that 1s transmitted without being diffracted and two sub-
beams that are diffracted, an objective lens for converging the
three light fluxes on a recording surface of an optical disc, and
a light detector for recerving the light converged on the
recording surface of the optical disc by the objective lens and
reflected by the optical disc and photoelectric converting the
light to an electrical signal;

wherein the diffractive element 1s divided into a first dii-

fraction grating region formed with a first diffraction
grating, a second diffraction grating region formed with
a second diffraction grating having a phase differing by
substantially 180 degrees from the first diffraction grat-
ing, and a central region sandwiched by the first diflrac-
tion grating region and the second diffraction grating
region;

wherein the central region 1s divided into a plurality of

divided regions by a virtual dividing line; and
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wherein the central region has phases or grating vectors
different from the first diffraction grating region and the
second diffraction grating region, and the divided
regions divided by the dividing line are formed with
diffraction gratings having different phases and grating
vectors from each other.

2. [The optical head device according to claim 1,] A
optical head device comprising a light source, a diffractive
element for branching light exiting from the light source into
at least three light fluxes including a main beam that is trans-
mitted without being diffracted and two sub-beams that are
diffracted, an objective lens for converging the three light
fluxes on a rvecording surface of an optical disc, and a light
detector for receiving the light converged on the recording
surface of the optical disc by the objective lens and reflected
by the optical disc and photoelectric converting the light to an
electrical signal;

wherein the diffractive element is divided into a first dif-

fraction grating region formed with a first diffraction
grating, a second diffraction grating vegion formed with
a second diffraction grating having a phase differing by
substantially 180 degrees from the first diffraction grat-
ing, and a central region sandwiched by the first diffrac-

tion grating rvegion and the second diffraction grating
region,

wherein the central vegion is divided into a plurality of

divided regions by a virtual dividing line;

whevrein the central region has phases or grating vectors
different from the first diffraction grating rvegion and the
second diffraction grating rvegion, and the divided
regions divided by the dividing line ave formed with
diffraction gratings having different phases ov grating
vectors from each other; and

wherein the dividing line dividing the central region

extends 1n a direction orthogonal to an extending direc-
tion of a track groove of the optical disc.

3. [The optical head device according to claim 1,] A
optical head device comprising a light source, a diffractive
element for branching light exiting from the light source into
at least three light fluxes including a main beam that is trans-
mitted without being diffracted and two sub-beams that are
diffracted, an objective lens for converging the three light
fluxes on a rvecording surface of an optical disc, and a light
detector for receiving the light converged on the recording

surface of the optical disc by the objective lens and reflected
by the optical disc and photoelectric convertingthe light to an
electrical signal;
wherein the diffractive element is divided into a first dif-
fraction grating rvegion formed with a first diffraction
grating, a second diffraction grating vegion formed with
a second diffraction grating having a phase differing by
substantially 180 degrees from the first diffraction grat-
ing, and a central region sandwiched by the first diffrac-
tion grating region and the second diffraction grating
region,
wherein the central vegion is divided into a plurality of
divided regions by a virtual dividing line;
whevrein the central region has phases or grating vectors
different from the first diffraction grating rvegion and the
second diffraction grating vegion, and the divided
regions divided by the dividing line are formed with
diffraction gratings having different phases ov grating
vectors from each other; and
wherein the central region 1s divided into three or more
divided regions.
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4. The optical head device according to claim 3, wherein
diffraction gratings having different phases from each other
are formed 1n two divided regions of the three or more divided
regions of the central region; and

d a diffraction grating of the same grating vector and the
same phase as the diffraction grating formed 1n one of

the two divided regions 1s formed in remaining divided
region of the three or more divided regions.

5. [The optical head device according to claim 1,] An

optical head device comprising a light source, a diffractive

element for branching light exiting from the light source into

at least three light fluxes including a main beam that is trans-
mitted without being diffracted and two sub-beams that are

(s diffracted, an objective lens for converging the three light

fluxes on a recording surface of an optical disc, and a light
detector for receiving the light converged on the recording
surface of the optical disc by the objective lens and reflected
by the optical disc and photoelectric converting the light to an
20 electrical signal;
wherein the diffractive element is divided into a first dif-
fraction grating rvegion formed with a first diffraction
grating, a second diffraction grating vegion formed with
a second diffraction grating having a phase differing by

25 substantially 180 degrees from the first diffraction grat-
ing, and a central region sandwiched by the first diffrac-
tion grating region and the second diffraction grating
region,

wherein the central vegion is divided into a plurality of

30 divided vegions by a virtual dividing line;
wherein the central vegion has phases or grating vectors
different from the first diffraction grating rvegion and the
second diffraction grating rvegion, and the divided
regions divided by the dividing line are formed with

35 diffraction gratings having different phases ov grating
vectors from each other; and

wherein when the phase of the first diffraction grating
formed 1n the first diffraction grating region 1s 0 degrees
as a reference, the phase of a third diffraction grating

40 formed 1n the divided region obtained by dividing the
central region and the phase of a fourth diffraction grat-
ing formed in another divided region have opposite
polarities but the same absolute value.

6. The optical head device according to claim 3, wherein

45 when the phase of the first diffraction grating formed 1n the

first divided region 1s O degrees as a reference, the phase of the
third diffraction grating 1s 90 degrees, and the phase of the
fourth diffraction grating 1s —90 degrees.

7. [The optical head device according to claim 1,] A4

50 optical head device comprising a light source, a diffractive

element for branching light exiting from the light source into
at least three light fluxes including a main beam that is trans-
mitted without being diffracted and two sub-beams that are
diffracted, an objective lens for converging the three light

55 fluxes on a recording surface of an optical disc, and a light

detector for receiving the light converged on the recording
surface of the optical disc by the objective lens and reflected
by the optical disc and photoelectric converting the light to an
electrical signal;

60  wherein the diffractive element is divided into a first dif-
fraction grating rvegion formed with a first diffraction
grating, a second diffraction grating vegion formed with
a second diffraction grating having a phase differing by
substantially 180 degrees from the first diffraction grat-

65 ing, and a central vegion sandwiched by the first diffrac-

tion grating region and the second diffraction grating

region,
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wherein the central vegion is divided into a plurality of

divided regions by a virtual dividing line;

whevrein the central region has phases or grating vectors

different from the first diffraction grating region and the
second diffraction grating vegion, and the divided
regions divided by the dividing line are formed with
diffraction gratings having different phases ov grating
vectors from each other; and

wherein when the phase of the first diffraction grating

formed 1n the first diflraction grating region 1s 0 degrees
as a relerence, the phase of each diffraction grating
formed 1n each divided region of the central region 1s
substantially O degrees on average.

8. The optical head device according to claim 3, wherein
when the phase of the first diffraction grating formed in the
first divided region 1s O degrees as a reference, the central
region 1s divided into four or more divided regions, and
includes a diffraction grating having a phase of =120 degrees,
a diffraction grating having a phase of —60 degrees, a difirac-
tion grating having a phase of +60 degrees, and a diffraction
grating having a phase of +120 degrees.

[9. The optical head device according to claim 1, wherein
the width of the central region 1s 10% to 40% of a projection
diameter on the diffractive element of an effective diameter of
the objective lens.]

[10. The optical head device according to claim 1, wherein
the light source 1s a two wavelength light source for emitting,
a red light and an infrared light.]

[11. The optical head device according to claim 10,
wherein the width of the central region 1s less than or equal to
30% of a projection diameter on the diffractive element of an
opening effective diameter of the objective lens.]

[12. The optical head device according to claim 1, further
comprising a blue light source.]

[13. A diffractive element mounted on an optical head
device including a light source, an objective lens for converg-
ing light exiting from the light source on a recording surface
ol an optical disc, and a light detector for receiving the light
converged on the recording surface of the optical disc by the
objective lens and reflected by the optical disc and photoelec-
tric converting the light to an electrical signal, the diffractive
clement branching the light exiting from the light source mnto

at least three light fluxes including a main beam that 1s trans-
mitted without being difiracted and two sub-beams that are
diffracted;

wherein the diffractive element 1s divided into a first dii-

fraction grating region formed with a first diffraction
grating, a second diffraction grating region formed with
a second diffraction grating having a phase differing by
substantially 180 degrees from the first difiraction grat-
ing and a central region sandwiched by the first difirac-
tion grating region and the second diffraction grating
region;

wherein the central region 1s divided into a plurality of

divided regions by a virtual dividing line; and

wherein the central region has phases or grating vectors

different from the first diffraction grating region and the
second diffraction grating region, and the divided
regions divided by the dividing line are formed with
diffraction gratings having different phases and grating
vectors from each other.]

[14. The diffractive element according to claim 13, wherein
the dividing line dividing the central region extends in a
direction orthogonal to an extending direction of a track
groove of the optical disc.]
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[15. The diffractive element according to claim 13, wherein
the central region 1s divided into three or more divided
regions. ]

[16. The diffractive element according to claim 15, wherein
diffraction gratings having different phases from each other
are formed 1n two divided regions of the three or more divided
regions of the central region; and

a diffraction grating of the same grating vector and the

same phase as the diffraction grating formed 1n one of
the two divided regions 1s formed in remaining divided
region of the three or more divided regions.]

17. [The diffractive element according to claim 13,] A4
diffractive element mounted on an optical head device includ-
ing a light source, an objective lens for converging light
exiting from the light source on a recording surface of an
optical disc, and a light detector for receiving the light con-
verged on the rvecording surface of the optical disc by the
objective lens and reflected by the optical disc and photoelec-
tric converting the light to an electrical signal, the diffractive
element branching the light exiting from the light source into
at least three light fluxes including a main beam that is trans-
mitted without being diffracted and two sub-beams that are
diffracted;

wherein the diffractive element is divided into a first dif-

fraction grating rvegion formed with a first diffraction
grating, a second diffraction grating vegion formed with
a second diffraction grating having a phase differing by
substantially 180 degrees from the first diffraction grat-
ing and a central vegion sandwiched by the first diffrac-
tion grating region and the second diffraction grating
region,

wherein the central region is divided into a plurality of

divided vegions by a virtual dividing line;

wherein the central region has phases or grating vectors

different from the first diffraction grating vegion and the
second diffraction grating rvegion, and the divided
regions divided by the dividing line are formed with
diffraction gratings having different phases or grating
vectors from each other; and

wherein when the phase of the first diffraction grating

formed 1n the first diffraction grating region 1s O degrees
as a reference, the phase of a third diffraction grating
formed 1n the divided region obtained by dividing the
central region and the phase of a fourth diffraction grat-
ing formed in another divided region have opposite
polarities but the same absolute value.

18. The diffractive element according to claim 17, wherein
when the phase of the first diffraction grating formed 1n the
first divided region 1s O degrees as a reference, the phase of the
third diffraction grating 1s 90 degrees, and the phase of the
fourth diffraction grating 1s —90 degrees.

19. [The diffractive element according to claim 13,] 4
diffractive element mounted on an optical head device includ-
ing a light source, an objective lens for converging light
exiting from the light source on a recording surface of an
optical disc, and a light detector for receiving the light con-
verged on the recording surface of the optical disc by the
objective lens and reflected by the optical disc and photoelec-
tric converting the light to an electrical signal, the diffractive
element branching the light exiting from the light source into
at least three light fluxes including a main beam that is trans-

mitted without being diffracted and two sub-beams that are

diffracted;
wherein the diffractive element is divided into a first dif-
fraction grating region formed with a first diffraction
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grating, a second diffraction grating vegion formed with
a second diffraction grating having a phase differing by
substantially 180 degrees from the first diffraction grat-
ing and a central vegion sandwiched by the first diffrac-
tion grating region and the second diffraction grating >
region,
wherein the central vegion is divided into a plurality of
divided regions by a virtual dividing line;
whevrein the central region has phases or grating vectors
different from the first diffraction grating rvegion and the
second diffraction grating vegion, and the divided
regions divided by the dividing line ave formed with
diffraction gratings having different phases ov grating
vectors from each other; and
wherein when the phase of the first diffraction grating
formed 1n the first diffraction grating region 1s 0 degrees
as a reference, the phase of each diffraction grating
formed in each divided region of the central region is
substantially O degrees on average. 20
20. [The diffractive element according to claim 16,] 4
diffractive element mounted on an optical head device includ-
ing a light source, an objective lens for converging light
exiting from the light source on a recording surface of an
optical disc, and a light detector for veceiving the light con- 25
verged on the rvecording surface of the optical disc by the
objective lens and reflected by the optical disc and photoelec-
tric converting the light to an electrical signal, the diffractive
element branching the light exiting from the light source into
at least three light fluxes including a main beam that is trans-
mitted without being diffracted and two sub-beams that are
diffracted;
wherein the diffractive element is divided into a first dif-
fraction grating rvegion formed with a first diffraction
grating, a second diffraction grating rvegion formed with
a second diffraction grating having a phase differing by
substantially 180 degrees from the first diffraction grat-
ing and a central region sandwiched by the first diffrac-
tion grating region and the second diffraction grating 4
region,
wherein the central vegion is divided into a plurality of
divided regions by a virtual dividing line;
whevrein the central region has phases or grating vectors
different from the first diffraction grating rvegion and the 45
second diffraction grating vegion, and the divided
regions divided by the dividing line ave formed with
diffraction gratings having different phases ov grating
vectors from each other,;
wherein the central vegion is divided into three or more
divided regions;
wherein diffraction gratings having different phases from
each other are formed in two divided regions of the three
or movre divided regions of the central region;
wherein a diffraction grating of the same grating vector
and the same phase as the diffraction grating formed in
one of the two divided regions is formed in vemaining
divided vegion of the three or more divided regions; and
wherein when the phase of the first diffraction grating
formed 1n the first divided region 1s O degrees as a ret-
erence, the central region 1s divided into four or more
regions, and includes a diffraction grating having a
hase of —120 degrees, a diffraction grating having a
hase of -60 degrees, a diffraction grating having a 65

hase of +60 degrees, and a diffraction grating having a
hase of +120 degrees.
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21. An optical mmformation apparatus comprising;:

the optical head device according to claim 1;

a motor for rotating an optical disc; and

an electric circuit for receiving a signal obtained from the

optical head device, and controlling and driving the
motor, an optical lens, and a laser light source based on
the signal.

22. The optical information apparatus according to claim
21, wherein

a push-pull signal obtained by receirving the sub-beam at

the light detector and calculating through photoelectric
conversion 1s amplified at an amplification factor K1,
and subtracted with a push-pull signal obtained by
receiving the sub-beam at the light detector and being
processed through photoelectric conversion to be used
as a tracking error signal; and

the amplification factor K1 1s fixed after being adjusted to

a value 1 which change 1n tracking control signal
becomes smaller when the objective lens 1s moved 1n a
direction perpendicular to an extending direction of a
track groove of the optical disc.

23. The optical information apparatus according to claim
21, wherein a focus error signal obtained by receiving the
sub-beam at the light detector and calculating through pho-
toelectric conversion 1s amplified at an amplification factor
K2, and added with a focus error signal obtained by receiving
the sub-beam at the light detector and being processed
through photoelectric conversion to be used as a focus error
signal for focus control.

24. A computer comprising:

the optical information apparatus according to claim 1;

an 1input device or an 1input terminal for inputting the infor-

mation;

an arithmetic device for performing an arithmetic opera-

tion based on information input from the mput device or
information reproduced from the optical information
apparatus; and

an output device or an output terminal for displaying or

outputting the information mput from the mput device or
the information reproduced from the optical information
apparatus, or result of arithmetic performed by the arith-
metic device.

25. An optical disc player comprising:

the optical information apparatus according to claim 21;

and

an information-image decoder for converting information

signal obtained from the optical information apparatus
to an 1mage.

26. A car navigation system comprising;:

the optical information apparatus according to claim 21;

an information-image decoder for converting information

signal obtained from the optical information apparatus
to an 1mage; and

a position sensor.

277. An optical disc recorder comprising:

the optical information apparatus according to claim 21;

and

an 1mage-information encoder for converting 1image infor-

mation to information to be recorded by the optical
information apparatus.

28. A vehicle comprising the optical information apparatus
according to claim 21, a vehicle body mounted with the
optical information apparatus, and a power generating unit
for generating power to move the vehicle body.
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29. An optical information apparatus comprising.

the optical head device according to claim 2,

a motor for votating an optical disc; and

an electric circuit for rveceiving a signal obtained from the
optical head device, and controlling and driving the
motov, an optical lens, and a laser light source based on
the signal.

30. An optical information apparatus comprising:

the optical head device accovding to claim 3;

a motor for votating an optical disc; and

an electric circuit for rveceiving a signal obtained from the
optical head device, and controlling and driving the
motor, an optical lens, and a laser light source based on
the signal.

31. An optical information apparatus comprising.

the optical head device according to claim 4,

a motor for votating an optical disc; and

an electric circuit for rveceiving a signal obtained from the
optical head device, and controlling and driving the
motov, an optical lens, and a laser light source based on
the signal.

32. An optical information apparatus comprising:

the optical head device accovding to claim 5;

a motor for rvotating an optical disc; and

an electric circuit for rveceiving a signal obtained from the
optical head device, and controlling and driving the
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motor, an optical lens, and a laser light source based on
the signal.
33. An optical information apparatus comprising:

the optical head device according to claim 6;

a motor for rotating an optical disc; and

an electric civcuit for receiving a signal obtained from the
optical head device, and controlling and driving the
motor, an optical lens, and a laser light source based on
the signal.

34. An optical information apparatus comprising:

the optical head device according to claim 7,

a motor for rotating an optical disc; and

an electric circuit for receiving a signal obtained from the
optical head device, and controlling and driving the
motov, an optical lens, and a laser light source based on
the signal.

35. An optical information apparatus comprising:

the optical head device according to claim §;

a motor for rotating an optical disc; and

an electric circuit for receiving a signal obtained from the
optical head device, and controlling and driving the
motov, an optical lens, and a laser light source based on

the signal.
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